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PREFACLC

Tre muestigations described herem were carned out in the Poyal Marsden
(Cancer) Hospital and 1n the Anatomical Department of the Poval College of
Surgeons of kngland while holding a Gordon Jacob Research Fellowship at the
Hospital and a Prophit Pesearch Scholarship at the College I should hihe to thank
the Trustees of these Funds for there finwneial and - Obtawmung and starung the human
matenal proved extremely laborous and entailed much waiting in operating theatres
Owing to the nature of the staming methods used and the difficulty of fixation of
the stamed materal the experiments often had to be repeated many times before
proving successful

T should Iike to thank all the consultant surgical staff of the Roval Marsden
Hospital for their co-operation and forbearance 11 making materal available to me
$ir Clement Price Thomas SirT ussell Brock Mir W P Cleland FP CS andVMr O §
Tubbs of the Browpton Hospital  Mr W P Winterton FP CS of the Widdlesex
Hospital Mr D N Vathews FP CS of the Hosputal for Sick Cluldren Great
Ormond Street Mr Terence Ward FRCS of the Queen Victoma Hospital
East Grnnstead Mr ¢ W F Bumet FP CS Surgeon to the 1vest Middlesex
and Hounslow Hospitals Miss A H Baker FRCS 3Mr k O Harms FRCS
Mr C P Mally FRCS Surgeons to Hounslow Hospital all of whom kindly
supplied or allowed access to histological matenal

The histologieal work on human materal was carmed out personally m the
laboratories of the Poyal Marsden Hospital and I am greatly indebted to Dr J W
Whittich the former Director of the Pathological Laboratory and to Dr \ F C
Gowing his succesvor for accommodating me and for much help and advice The
chieftechmeian Mr G G Chadwin has come to my aid over many techmical problems
The ammal work was done either 1n the anatomical laboratories of the Royal College
of Surgeons or i the Institute for Cancer Research At the former Mr J Edwards
chief technteran gave me great help

Some of the photographs were taken in the Photographic Department of the
Institute of Cancer Research by Mr Frank Speed and Mir B G Voreman to whose
shill I am much indebted  Others were taken personally and the techmeal difficulties
met with in photographing thick sections and unequally stamed materal as
mentioned 1 the text account for their poor quality To Mr J H VWood MPS
and Miss [ E Bnghton M PS of the Pharmaceutical Department of the Poyal
VMarsden Hospital I should Like to record my stncere thanks for prepanng endless
sterile solutions of dyes for vital injections

ToDr P E T Hancock FP CP Semor Phystcian to the Hospital I should
hike to express my stncere gratitude for constant support and encouragement during
this work and to Professor A Haddow Director of the Institute of Cancer Research
for help on vamous oceasions and for hindly reading the manuscript  To Professor

5



[4 PRTFACE

Gilbert Causey of the Roval College of Surgeons who has latterly been ywde and
mentor I cannot express my indebtedness He read the onginal manuscript and made
much trenchant and eonstructine crticisms which I have done my best to meet

I should hke to thank very sincerely my former secretary Viiss G E Vi oodgate
for endless work and help molved in writin, this book and other papers and Vir
Ceorge Deed of Messrs Henry impton for lus kind help m a1l matters connected
with publishing

R WYXBURMN MASOM
London W1
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PART 1 .
INTRODUCTION AND EXPERIMENTAL OBSERVATIONS

CHAPTER 1
THE RETICULO ENDOTHELIAL CELLS AND HISTIOCYTIC SYSTEM

IN 1863 v Recklinghausen descnibed in the inflamed cornea and in the omentum
of different animals ameboid cells which could be distinguished from pus corpuscles
Twenty years later Metchnihoff ealled attention to the fact that in addition to the
free mononuclear phagoeytic cells of the blood and the lymph flud there were
present m the connective tissue and in cert1n organs sessile cells which 1n spite of
their being fixed were able to throw out amaboid processes and to seize minute
bodies such as foretzn hlood cells He found the<e cells in the liver spleen lymph
nodes and central nervous system Emphastzing therr phagocy tic properties Metch
nikoff (190‘,) grouped the free and fixed large mononuclear cells together as

and dist hed them from the microphages the Ieucnc) tes of
the cxrculatmg blood  Shortly after Metchnihoff s first reports Wjyssokowitsch
(1886) published his ob ervations on the freemng of the blood stream from 1njected
micro organisms by the phagoeytic activity of the cells ining certan blood vessels
Marchand (1897) came to the conclusion that the ameeboid phagocytes of the loo
connective tissue were not transformed emigrated lymphocevtes but were formed
locally from certain connective tissue cells which were arranged especially about the
small blood vessels and which he called  adventitial cells

A considerable help 1n differentiating the cells of the normal and inflamed
connective tissue and in tracing their ongin was offered by the introduction of the
acid vital stams  Ribbert (1904) was the first to make successful use of the new
method by injecting rablats with hthum carmine  He found the dve granules in
certam Iner cells m the epithelial cells of the renal tubules m the endothehial cells
of the Iiver spleen bone marrow and adrenal 1n the sinus endothelium of the
Iymph nodes 1n the reticular cells of the thymus and 1n the cells of the spleme pulp
Ribbert also observed that the same cells were able to take up from the blood
other substances <uch as won and fat The great progress in vital stamming with
relatively non toxic aad colloidal dves was due to Ehrlich s studies on chemical
constitation and cellular affinity  Bouffard (1906) found Ehrlich s benzidine dyes
(trypan blue and trypan red) and tnpheny] methane dyes (pyrrhol blue and 15amine
blue) particularly swtable for vital stamning and 1t was with these dyes e pecrally
pyrrhol blue that Goldmann (1909 1911 1912) carmed out his expernments on the
sgmificance of vital staimng and demonstrated the great afhmty of Vletchnikoff s
macrophages Panviers (18)0) clasmatocytes ete for acrd vital stams These
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THI RITICUI O FNDOTHEITAT SYSITM 11

1925) A medum dispersion appears to e best  Very finely dispersed dye¢s lihe
Congo red piss out of the cells quickls and are stored very little or not at all
Conresely dispersed substances precipitate very easly espeenily when given sub
cutaneously or wtra pentoneally and the locally formed deposit restricts the vital
staiming to the cells m the vieimty  Tithium carmine trypan blue and most of
the other acid vital stans are sufficiently stable not to precipitate m the body
flmds  Ad orbed by the phospholipd protem complex of the plasma the dves
seem to stam plasma diffusely

Mot only vital dves however but many other substances and colloids may collect
1 the reticulo endothelial cells of ivmg amimals  These mclude the carbon particles
of lump black graphite Indian mh many metal hydrosols such as sacchirated
oxide of won colloidal mlser bismuth gold carmine and quartz particles Hemo
globin behaves like acid dyes  In addition to these collods red blood corpuscles
pols morphonuclear leucocy tes (1 lutby and Bntton 1950) and orgamsms necluding
viruses bacterta trypanosomes spirochaetes malamal parasites ete also collect
1n the retieulo endothelial cells (see Jaffc Burrows 1932 TI'rancesclum) However
not only foreign substances and particles but also physiological substances are
concentrated m the reticulo endothebal cells Chus naturally ocewrrng pigments
and antibodies collect 1n them The cells show 2 great affinity for cholesterol and
cholesterol esters (Landau and MeNee 1914) Cholesterol admimstered ntra
venously 1s stored throughout the system lud, the alveolar phag
Injected lecithun 18 likewise talen up (FTomkins 1943  Mehibbin et af 1945)
Fat emulsions giien intravenously are simularly concentrated in the macrophages
(Dunham and Brunschwig 1944 Mchibbimef al 1945) as are colloidal aggregates
of alburmin and globulin (Biozzretal 19,7) Adrenaline and choline are also concentra
ted The hupffer cells of the hiver av1dly take up vitamuns including vitamms A and D
{Drummond and Macivalter 1934) vitamm B (Verzar and Laszt 1936) vitamin
B (Giannico 1900) vitamuns C and A (Chevremont 1943} vitamins Cand D ete
(For 2 review see ranceschuim 1905) In the diseases known as hpidoses vartous
abnormal substances such as cerebrosides phosphatides or cholesterol collect mn
the reticulo endothehal cells Agun in diabetes ipids may be stored in these cells
It appears therefore that almost all colloidal suspensions dyes hpids sterols
vitamns antibodies pigments adrenaline cholme virnses cells such as bacteria
spirochaetes red blood corpuscles polymorph leucocytes trypanosomes ete 1n
fact anything infroduced wnto the body flurds collects and 13 concentrated in the reticulo
endothelial cells  Electro positive colloids and even erystalloids which are not
stored per se can also be made reticulo endothelhal trop  when they are adsorbed
by an electro negative phase (v Jancso 1931) such as the phospholipid protemn
complexes of the plasma

The fixed elements of the reticulo endothelial system and the macrophages are
cells of varym,, shape 15-18p in size contaming vacuoles and often numerous
course granules consisting of ipids especially lecithin (see for example Franceschim }
These granules are oxyphil and argentophil in staimng and consist of doubly
tefracting material They appear to contam reducing agents No glycogen 1s
present  The httoral macrophages 1n the supportig tissue of the adrenal cortex
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stains differentiated the lustiocytic wandering cells from the emugrated blood cells
better than any other method was able to do  The dye granules were 0 demon
strable 1n the cells of the  taches Iuteuses the adyentitial cells of the omentum
the Kupffer cells of the Iiver ind the reticular cells and endothelinl cells of the
blood forming organs  In snflammation the vitally stained cells beeame free and
developed into amoebord  polyblasts*  The same cells were found to be concerned
with cholesterol metabolism (Landau and MeNee 1014) In 1914 Rayono s book on
the wital storage of cirmune was published and presented the first fairly detuled
account of the distribution of vitally stamning cells mn tho body  Kivono gave the
name histioeytes (tissue cells) to the amarboid cells of the loose connective tissue
which were endowed with a great affimty for the carmine  Aschoff (1924) introduced
the collective term  reticulo endothelial system  for the witally stuning cells
Further descriptions of the reticulo endothelial system have been given by Aschoff
(1924) Maximov (1927) Cappell (1929) Da Bois (1934) Jaffe (1938) Chevremont
(1948) Thomas {(1949) and Franceschim (1955)

The essential feature of this system of cells 1s that they take up and concentrate
certain dyves and particles mjected into the hving ammal  Vatal staining with
colloidal dves 1s the intracellular granular storage of ultramicroscopre partrcles of
these dyes  The cells of the reticulo endothehal system consist of fived or httoral
cells found on the reticulin connective tissue fibres forming the framework of vanous
parenchvmatous organs the h-emoporetic organs and the pineal pmitwtary spleen
adrenal cortex hidnev ete  Similar cells known ag resting wandenng cells histio
c3 tes or macrophages are found in the tissues generally and in the blood  They form
another part of the reticulo endothehal system  In the iver the phagoey tie cells are
known as hupffer cells and liec on the retrculin framework of the organ  In the
central nervous system the cells are seen as the microgha  Reticulo endothelial
cells also stain by silver methods Thus mcrogha 13 stained by silver carbonate
impregnation (del Rio Hortega 1927) and also the macrophage cells i the spleen
the adventitia of blood vessels (Hortega and de Asua 1921 1924) cardiac and
voluntary muscle (Visentr 1931) Iymph nodes those Immg alveolar walls ete
(sece Marshall 1950) This may lead to such cells bemng confused with nervous
elements which alyo stam by such methods

A distinetion 15 usualls made between basic and acid vital stams  Aad that 1s
electro negative dyes introduced mnto the arculation are stored cluefly by the
reticulo endothelial cells  In such conditions they do not enter the bramn except
n certam areas but permeate the cornea mte the queous humour and CSF
Thev colour the blood tessels of the i« choroid and piv mater but leaye the cthary
and chorosdal epitheir unstained W hen mnjected mto the airculation hasie electro
positine dves are ad orbed on to the electro negatne collowds {phosphohpid protemn
complexes) of the plusma and <o become negatively charged and thus tend to
produce simlar stamin,, to that of acrd dyves  1sen o thes are not taken np to the
came extent by the reticulo cndothelial cells and tend to pass mto the parenchy
matous cells for example liver pancreas and bramn

In addition to the electro polanty there 13 another phyveical property which
determines the stamng, poser of 2 gnen dve namely the dispersion (v ottendorff



THE RETICULO EADOTHELIAL SYSTEM 3

ayncytium It may well be that processes of neighbounng cells may come into
sufficiently close relationship with one another that they are only divided by the
surface membranes covenng each eytoplasm  Actiity at one cell surface will thus
spread to affect the surfaces of other cells In the case of the syncytium of the
retrculo endothelial system there 1s evidenco 1n favour of the latter conception in
that individual cells may leave 1t round off and mugrate to other parts

The Reticulo endothehal Cells and Immune Rodies

Immune bodies are concentrated n the reticulo endothelial cells lihe other
substances (Jaffc  Franceschini 190.  Biozzi ef @l 19.7) It seems probable
that they are formed 1n and hiberated from other cells and then pass to the macro
phages

Reticulin Fibres

For descriptions of these structures reference may be made to the works of
Cowdry (19.0) Schafer (1949) Maximoy and Bloom (1952) and to the recent review
by Wasserman (19.6) of our present hnowledge of the intercellular components of
connective tissue

Reticulin fibres {Gitterfasern) are found in all organs and tissues They are
specifically stained by smilver salts (silver ovide or carbonate) and hence are ealled
argyrophil fibres Usually they give the penodic acd Schilf (PAS) reaction
They run irregularly m all directions  They are of different thicknesses the thicker
congisting of bundles of the thinner Reticulin fibres are the embryonic form of
connective tissue fibres not only i the embryo but wherever connective tissue 13
developing  Both reticulin and collagen fibres are made up of smaller units or
microfibnls  Argyrophiha probably depends on change n the cement substances
between the fibres They are evervwhere found yn association with the phagocy tic
cells belonging to the reticulo endothehal system though often large stretches of
reticuln fibres are not provided with any cellsat all  Peticulin fibres supply a yreld
g matrix for cells holding them mn place (Cajal 1933) Fine networks of such
fibres run between and are with collag fibres in 11
connective tissue  The reticulin fibres are especially prominent m the neighbourhood
of blood vessels where they are related to the pericytes (macrophages) The net
work of reticulin fibres forms a thin membranous sheath around the capillartes and
separates them from the other elements of the tissues (Maximov and Bloom)
Larger blood vessels as in liver and spleen are supported by reticulin fibres The
latter play an important role mn the mamtenance of the patency of the smaller
Iymphatics They appear as a net like basket around each fat cell In many organs
they form diffuse networhs which surround and support the varnous elements located
in therr meshes  The fibres oceur as the framework of Iymph nodes thymus spleen
and bone marrow  In these blood forming tissues 2 syncytium of reticulo-endothelial
cells 13 spread out on the fibres whuch enclose the blood cell precursors In the liver
the reticulin networh. supports the liver parenchyma and on 1t lies the syneytium
of hupffer cells which form a complete wall for the smusoids and separate the liver
cells from the blood In the penportal connective tissue reticuln fibres continue
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and pitwitars gland appear full of granules The presence of both granules and
vacuoles in macrophages however depends on the method of fixation Often the
¢ranules are lysed and then the whole of the cy toplasm may be oxyphul 1n stamning
while at other times the macrophages contan no granules and the cytoplasm does
not stain with eosin but gives a clear appearance for example the monocytes of
the blood The cytoplasm appears to contam substances which readily tahe up or
lose water dunng fixation This may give a shrunhen appearance or watery vacuoles
may be seen mn the cells  When particles are ingested they become surrounded by
a vacuole The vacuoles are acid 1n reaction as shown by neutral red  Increased
phagocytie activity of the macrophages 13 assoctated with mereased basoplilia (see
Taffe)

Allinvestigators of the reticulo endothelial system of cells have remarked on the
fact that the phagocytic properties of the cells of the reticulo endothelial system rary
(see Cappell 1629 DBurrows 1832) Macrophages uhich are rich i hipid granules
do not take up 11tal dyes such as trypan bive (see Ausnetzowshi 1023 Baulhf 1948}
After bewng taken up by the reticulo endothehal cells circulating matertals can often be
seen to be transferred to parenchymatous or epithehal cells earmine for example s
passed from the hupffer cells into the Iiver cells (Schittenhelm and Frhardt 1925)

In all the work on the reticulo endothelial cells therr function has been regarded
a3 purely defensive 1n character stramin,, off from the circulation noxious collord
particles bactena and protozoa which have entered the body and concentrating ant
bodies  In the present work an attempt will be made to show that this 13 but one
aspect of the functioning of the reticulo endothelial system

The Rehiculo Endothelial System 1n Lower Forms

Cells with the functional qualitres of macrophages occur throughont the verte
brates but considerable differences exist 1n their morphology and distribution 4
similar svstem of cells 13 found n invertebrates above and including the molluses
(~ce Goldner 1929} They are known as nephrophages because they are thought to
be concerned with cellular excrction  In insects the system 15 composed of the
50 called pericardial cells the fat body the hremocvtes and the nephrocytes (for a
full account see Wig, lesworth 1947) In mseets pr ments carotinoids chlorophyll
ecz white 1njected litmus and urates collect m these cells  They become filled
with  albuminoid material at the time of metamorphosts  The cells are concerned
with the excretion and storage of waste and forer,n substances urato particles and
dead and dvin,, material

The Sigmficance of the term Syncytrum

Reticulo endothelial cells Iying on a reticubin frameworh tend to spread out on
this and the processes of nechbourng cells appear continuous  Frequent use has
been made of the term syncytium an speahing, of such a collection of the reticulo
endothelinl cells of a t1 sue  This term 15 here v ed to denote a collection of celly
m such close relationslip to one another that thar evtoplusm s funchionally
continuous so that a stimulus or influence acting on one cdl will affect all the cells

of the synestium It 15 not necessary to po tulate cvtoplisinie continty in such a
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to Surng: (1928) injected linds dopress and cholesterol mncreases the phagoeytic
activity of ! while ph whieh contain large amounts of lipids
are non phagocytic  Anvthing which causes Joeal stimulation 1mitation or inflam
mation of a part causes dye to colleet in the macrophages of an area which normnlly
would not stam or causes mncreased depth of staming 1n an arer wlich normally
takes up the dve (see Burrows 1932)  Such effects may be caused by cnutenization
of the <hin liser spleen lymph nodes ete by local pressure on 2 tissue by the
apphcation of chloroform aleohol formahn mustard digitabs diathermy ultra
violet light the applieation of X rays to shin and other tissues by the exposure of
a viscus to ur by the prod of a=eptic mfl 1on by njection of agar gum
and kaohin mto the tissues or by implanting sterile celloidin forergn bodies mto the
subcutaneous tissues or muscles They also occur after the application of a hot
water bottle to the shin for example of the belly when vital staimng also increases
i the subjacent coils of the intestines There 15 & sumlar marked increase n
phagocytie activity and the number of functioning h after the ap
of choline (Morin and Poggio 1949} or tyrosmme (Dierveh 1932) This also occurs
m areas of inflammation produced by tubercle bacilh or py ogenic organisms whether
these anise spontaneously or awre produced experimentally It 1s also seen around the
nodules of seabies 1n animals or 1n the areas of shin after the application of tarin the
duction of mahignant tumours {hrevberg 1927) It1s obsersed also in wounds pro
duced by physical trauma including operation wounds The same factors cause the
collection of wital dyes in the cornea 1n areas of heratiis  Dunng wound healing
uptake of dye by macrophages occurs in areas of immatunty of tissues or young
scar tissue and this 13 aleo found m areas of imperfect recovery after operation or
jury and m vacemation scars

Not only dyes but also bactenia and pigments collect in stimulated or irntated
areas Thus clieally bactera ecluding the tubercle baallus treponema and
viruses may become localised to areas of trauma of exposure to cold or burns or
1 vacemation or tattooing scars Tubercle baall settle 1 an imjured jomt
Treponema apper n areas of injectson of agar (luetre reaction) ) leprae become
Jocalised 1 areas wmtated by injection of mulk peptones or BCG or m skin
eruptions due to drugs (Liban Zuacherman and Sagher 190.) Cortisone and
ACTH (Menhin 1953) foreign protems and antigens (Burrows) likewise collect
m areas of mflammation  The uptake of P* by mflamed tissues as determimed by
the Geiger Muller counter 1s also increased as compared with the normal (Tobin
and Voore 1942 Das Gupta et al 1956)

Injected or mgested towic substances may merease the storage of vital dyes
throughout the body Thus injections of aleohol or pyramidon cause a general
merease 1n vital staining of h n the rabhit  Iny s of foreign protemns

P
have a sinmlar effect not only locally but throughout the body  General mfections
and antigen antibody reactions or mjections of tuberele bacillus toxm (Bruni and
begré 1929) also produce general mmereased staiung of the reticulo endothehal
system

In the brain and spinal cord very little stainmng occurs after intravenous injection
of dves except around a few areas in the region of the hypothalamus ete Any form
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directly nto the dense network of stnular fibres which surround the smusords
Peticulin fibres surround all the cells of the antemor pitwtary parathyrods
suprarenal pimenl and other epithelial organs forming a delicate bashet like support
g, mvestment  The urmiferous tubules of the lidney are Jikews e enclosed by
reticuln A smmilar covering of retrculin fibres 13 found around muscle fibres
mcluding eardire musele  Peticulin fibres abound m the respiratory porttons of the
hmg and i the ept pen and endo neural tissues In fact the neunlemma of
nerve fibres appears to be formed of this substance (Crushshank and Hill 19.3)

Basement Membranes

These structures exist between epithelia the cells of glandular acin and ducts
or serous membranes and the connective tissue on which they ie  They are distinet
sharp boundary hines of vartable thickness and appear to be a condensation of the
mtra cellular substance of the connective tissue at the surface of its contact with the
epthelium  They consist of 4 dense networh of argyrophil reticulin fibres con
tmuing into those of the connective tissue and of a homogeneous ground substance
In some cases basement membranes seem to consist of two layers and between the
argyrophil reticulin and the epithelium 2 homogeneous layer can be detected  The
basement membrane 1s intimately attached to the Dasal surfaces of the epithelil
cells which are partially emveloped by a bashet work of reticulin fibres On the
emthelial surfaces the basement membrane at some places (skin cornea) 1s provided
with mmute mdentations into which fit corresponding short outgrowths of the
basal surface of the epithelial cells  In other places asm the convoluted urimferous
tubules the nner homogeneous portion of the basement membrane has esrcular
nidges which seem to fit into grooves mn the bises of epithehal cells  In some cases
the epithelial cells may send processes deep imnto the connective tissue

Lymng m close relationship to the basement membranes for example in the
gut epthelinm are connective trssue cells which as will be shown Iater appear to
be macrophages In the salivary lacnmal sweit and mammary glwnds there lie on
or 1n the basement membrane certain cells called myo eprthehal cells These also
stair vitally with methylene blue and other dyes (see below) It will also be shown
that 1n muscle tissue of all kinds there are found numerous phagocy tic reticulo en
dothelial cells lying on the reticulin fibres surrounding the muscle cells while
nerve fibres are surrounded by the reticulin of the neunlemma on which e Schwann
cells which are phagocytic in certain conditrons The orgmal simple anatorreal
relationships between epithehum and connectne tissue are altered in the hver
and most endocrme glands such as pitwitary suprarenal ete s which the cells
of the organ are enclosed m a reticulin frameworh on which lie the syncytial
reticulo endothehial cells

Factors Affecting Vital Staining and Macrophage Activity
As stressed already the vital stamng of and the collection of errculating sub

stanced 1n the macrophages of a tissue after their mtroduction into the carculation
14 on phisiol 1 and pathologieal conditions  (For a
According,

15 very vanable and dey :
deseription of some of the factors affecting this see Burrows 1932)



IHEF RETICULO F\DOTHLLIAL SYSTDM 1,

hal 1

1o Surwnyi {1928) mjected hpids depress and ch m the phagocytu

actiaty of pt while ph which contain large amounts of Lipids
are non phagocytic  Anything which ctuses loeal stimulation trritation or inflam

mation of a part causes dye to collect 1n the macrophages of an area which normally
would not stmin or causes incrersed depth of stummng m an arer which normally
takes up the dve (scc Burrows 1932) Such effects may be caused by cautenzation
of the skin Iiver spleen Iymph nodes ete by local pressure on & tissue by the
application of chloroform alcohol formalin mustard digitalis diathermy ultra

wiolet Light the application of . ravs to skin and other tissues by the exposure of
& viscus to air by the production of aseptic inflammation by injection of agar gum
and kaolin mto the tissues or by umplantin,, stenle celloidin foreign bodies into the
subcutaneous tissues or muscles They also oceur after the application of a hot

water bottle to the skin for example of the belly when vital staiming also inereases
m the subjacent cols of the intestines There 13 & simular marhed ncrease
phagoceytic activity and the number of functioning macropha,es after the apphcation
of chohne (Morm and Togie 1849) or tyrosine (Dieryeh 1932)  Tlus also occurs
1n areas of inflammation produced by tubercle bacilli or pyogentc orgamsms whether
these anse spontaneoushy or are produced expertmentally It 18 also secn around the
nodules of seabies 1n amimals or n the areas of shin after the application of tar in the
nduction of malignant tumours (hreyberg 1927) It1s obsered also in wounds pro

duced by physical trauma ncluding operation wounds The rame frctors cause the
collection of vital dyes mn the cornea 1n areas of Leratitis  During wound healing
uptake of dye by macrophages ocenrs in areas of immatunty of tissues or voung
sear tissue and this 1s also found m areas of imperfect recovery after operation or
njury and in vacemation scars

Not only dyes but also bacterna and pigments collect in stimulated or irntated
areas Thus clhmeally Lactema including the tubercle bacillus treponema and
viruses may become locahsed to areas of trauma of exposure to cold or burns or
mn vacemation or tattooing scars Tubercle bacill settle 1n an injured jont
Treponema appear In areas of injection of agar (luetic renction) W leprae become
localised 1n sreas irritated by imjection of milk peptones or BCG or 1n <ln
eruptions due to drugs (Liban Zuckerman and Sagher 1955) Cortisone and
ACTH (Menkin 1903) foreign protemns and antigens (Burrows) hikewise collect
m areas of inflammation  The uptake of P* by inflamed tissues as determined by
the Geiger Muller counter 18 also mnereased as compared with the normal (Tobin
and Moore 1942 Das Gupta et al 19,6}

Injected or ingested towe substances may ncrease the storage of vital dyes
throughout the body Thus mjections of alcohol or pyramidon cause a general
increase 1n Vital staming of macrophages in the rabbit  Injections of foreign proteins
have a simlar effect not only locally but throughout the body ~General infections
and antigen antibody reactions or mnjections of tubercle bacillus toxin (Brum: and
Segre 1020) also produce general increased staming of the reticulo endothelial
system

In the brain and spmal cord very little staming oceurs after intravenous mjection
of dyes except around a few areas in the region of the hypothalamus etc Any form
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directly mto the dense network of sinular fibres wlich surround the sinusoids
Peticulin fibres surround all the cells of the antcnor pitustars prathyrods
suprirenal pincal and other epathelial organs forming a ddlieate bashet hke support
g, myestment  The urmiferous tubules of the hidnes are likesasc enclosed by
reticulim A simlar covening, of rcticulm fibres 19 found around muscle fibres
mcludimg cardine musele - Reticulin fibres abound m the resprratory portions of the
lung and mn the ¢p pen and endo neural tissues  In faet the neunlemma of
nerve fibres appears to be formed of thiy substance (Crmkabank and Hill 19,3)

Basement Membranes

These strncturca exist between ¢puthelia the cells of landular acim and ducts
or serows membranes and tho connective tissue on which they e They are distinct
sharp boundary Imes of varmble thicl ness and appear to be a condensation of the
mtra cellular substanee of the conncetin o trsste at the surface of 1ts contact with the
epithelm  They conwst of a dense network of argyrophil retreulin fibres con
tinuing, 1into those of the connectin ¢ tiesne and of a homo,encous ground substance
In some eases basement membranea scem to consrst of two lyers and between the
argiyrophil reticulin and the epithelium a homogeneous lver can be detected  The
basement membrane 15 itimately attached to the basal surfices of the epithehal
cells which are partially emveloped by a bashet work of reticulin fibres  On the
epithelinl surfaces the basement membrane at some places (shin cornea) is provided
with minute indentations mto which fit correspondin, short outgrowths of the
basal surface of the epithelinl cells  In other places asin the consoluted unniferous
tubules the mner homogeneous portion of the hisement membrane has circular
nidges which seem to fit into Lrooves in the bases of epithela] cells  In some cases
the epithelal cells may send processes deep into the connective tissue

Lymng m close rcdationship to the basement membranes for example mn the
gut epithelum are connectine tyssue celis which as will be shown Jater appear to
be macrophages In the sainary laenmal swent and mammary glands there e on
or 1n tho basement membrane certam cells ealied myo epithehal cells  These also
stany vitally with methy lene blue and other dyes (see below} It will also be shoun
that 1n muscle tissue of all kinds there are found numerous phagoey tic reticulo en
dothelinl cells Iying on the reticuln fibres surrounding the muscle cells while
nerve fibres are surrounded by the reticulin of the neunlemma on which e Schwann
cells which are phagocytic m certain conditions The original simple anatomical

1 hips between epithel and connectnie tivsue are altered n the liver
and most endocrine glands such as mitwtary suprarenal etc m which the cells
of the organ are enclosed m a retrculin framework on which e the svncytial
reticulo endothelial cells

Factors Affecting Vital and M: Actmity

As stressed already the vital stmning of and the collection of airculating sub
stances 1n the macrophages of a tisue after their introduction anto the circulation
18 very variable and depends on physiol 1 and pathol 1 conditions  (For a
deseription of some of the factors affecting this cee Burrows 1932} According
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Hormones and macrophage phagocytic activity

The uterine mucosa at certain stages of the estrus or menstrual cycle shows
deep wital stanng (Helmy and Nicol 1951) In ammals n the early stage of
pregnancy vital dyes collect 1n the mpples and persist there longest (Goldmann
1912) In the Jactating mamma there 19 an oxtraordinary increise in the number
of functioning macrophages as compared with the non lactating gland Dunng
pregnancy there 13 an enormous increase m the phagocytic actinity of the macro
phages of all layers of the uterns and pirametrium and elsewhere in the body
They persist for a long time after partuntion  Haendel and Malet (1929) point out
that njection of ovaman extracts 1s associated with mereased phagoeytie activity
by reticulo endothelial cells generally but especally 1 the secondary sex organs
(Hofbauer 1926  Fluhman 1928 1032 Hooft 1938 Standart 1940) After
cessation of sexual life the activity of reticulo endothelial cells in the uterus 1s
diminished 1n women (Uebermuth 1933) and 1s practically absent in spayed animals

Nicol and Helmy (1901) and Nicol and Abou Ziksy (1903) found that cestradiol
benzoate yncreased the phagocytie activity of the retrculo-endothelial cells of spleen
Tiver lymph nodes and prostate as estimated by the number of cells stamng with
trypan blue It may well be that the effect of sex hormones on macrophages 1s secon
dary to that on the metabolic activity of therr target cells

Pemoral of the thyroid depresses cell metabolism generally and dimmmshes the
phagocytic actinity of the reticulo endothelial cells and the storage capacity of
houpfler cells (Ascher 1924 Jaffe 1938)

The 1nnervation of viscera blood vessels glands epitheha etc

The mixed peripheral nerves and posterior and trigemnal nerve roots contain
not only vanous sizes of myehinated but alo unmyelinated fibres These afferent
unmyehnated fibres to_ether with the preganghome finely efferent fibres of the
autonomie and the grey rami communicantes constitute the C fibres of Gasser and
Erlanger (1929)

Unmyehinated plexiform networks with frec nerv e endings are widely distributed
mn the bodv  They are scen m the epidermts (Teindel Weddell and Sinclair 1948)
1n the dermis n loose connective tissue tn between muscle fibres on blood 1essel
walls (kuntz and Hamilton 1939) and n all viscera (Fulton 1949 W3 burn Vason
19572) The endings come from unmyelnated posterior root fibres The simplest
form of free nerve endw, 1n the conmective tissue 13 represented by nenvs fibres
which accompated by Schwann cells break up by repeated divigons into inmumer
able thin threads runming 1n various directions supplied with vancose thickenmgs
and located between the collagenous fibres  In glandular tissue and 1n the Iudney
such nerve fibres form ploxuses below and m the basement membranes (see Maximoy
and Bloom 1902) Numerous unmyelinated nerve fibres ean also be found n the
central nervous system (sce Wyburn Mason 19.0) In the shin unmyelinated fibres
often penetrate the epidermis and end between the cells as varicose threads {(Woollard
Weddell and Harpman 1940) In the cornea thesc free unmy elinated nerve endings
are the only type found and pam 1s said to be the only and 18 certainly the prineipal

e
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of mjury whether touch loeal traumna or surgical section the application of sanous
wmtating chemienl substances Jocal pyogente lesions or softening causes Jocal
accumulation of dse i the meroghal cclis (see Wyburn Mason 1050)  Ceneralized
factors such ns anoxa (O gas porsoning aleohol mtoxieation or concussion, ciuse
a general uptal e of dyes by tho nucroglal cells  Injected cocaine also colfects in the
macrophages of seritated parts of the central nersous system (Burross)

Vhen apphed to trssues many of the agents wlich merease ital staymng cause
vasotblatation of capllanies and nervased permealuhity Tt mught thercfore be
thought that theeo factors were redp ble for the d collection of sul ed
tn the intated areas but adrenaline apphed with mustard ol to the rablit s eye
prevents vasodilatation and inflammatory adema though mtrasenous trypan blue
18 still localized 1n the treated eye (sco Burrows) The same occurs when cocamne 13
used mstead of adrenaline  Studving factitions urticara Hoff (1927) found that
mjection of a region of shan with adrenaline rendering 1t pale and an mtrasenous
injection of Congo red followed by tactile srtants to the mnjected shin caused a
wheal coloured with Congo red o spite of the absenice of vasodiatation  Stasts and
exudation wiil also occur m response to capstenm without any change n the calbre
of the blood vessels  Vasodilatation alone that is artenal hy perenna 1n the absence
of damage to the caprilaries likewi<e does not Iead to increased exudates and collection
of dye n the affected tissues  Agatn passis e congestion has no cffet on vital statng
(husnetzowsks  1923)  Mere capillary dilatation or mnereased blood supply 19
therefore not respon«ibile for the collection of dyes in the stimulated areas  In tissue
cultures of macrophages the mtensity of storage of dye eannot be increased simply
by adding more dye (VWallbach 1928) In order to nerease the stamng the cclls
have to be stimulated for example by adding foreign serum  Thus the collection of
crreulating substances n the macrophages of a stimulated or 1mpured area must be due
to a stimulation of phagocytic actinily of these cells

The effects of external nfluences on the phagocytic activity of macrophages
may vary with the dose  Thus large doses of \ rya paralyse phagoecvtic activity
unlke the stimulating effect of small doses This has been formulated as the
Dustin effect or lan (Dustin 1920)  Tius states that in comprrablo conditions small
repeated doses of drugs (and \. rays) stimulate the phagoey tre pov ers of the reticulo
endothehal cells and large doses inhibit

Macrophage activity 1n relation to metabolic processes

Increased metabolie activity of an organ for evample contraction of a muscle
or stimulation of the metabolic actrvaty of the liver also mcreases the vital staming
of macrophages in relation to the actnve cells (see Jaff§) Fazzan (1940) showed
that when thyrord secretion 13 strmulated thereis an increasean the collord paralleled
by that 1n the functiomng macrophages in the stroma,  Stmularly when the activity
of the secondary sex oryans 11 stimulated 1n pregnncy or after astrogen injections
the macrophage phajocytic actiuty n these organs mncreases enormousty  The
phagocy tic activity of the reticulo endothelial system of an organ m fact parallels

1ts metabolic activity
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glands m the wals of the larger blood vesscls around capillaries on tho end plates
of striated muscle (where they lic on the sarcolemma) n between plan muscle
fibres in cthiary and s muscle 1n loose connective tissue 1n the mucosa of the
frog s mouth and m the glomus caroticun A number of workers have confirmed
the presence of a syneytium of cells with the characters of interstitial cells :n many
tissues and Dogrel (1894) for example described them n between fat colls  Both
Ramon y Cajal and Boeko have claimed to show that the syncytium of interstitial
cells 13 1n syncy tinl connection wath the sheath (Schwann) cells of the nerve plexus

The terstitial cell syncytium appears interposed between the neurofibnllary
strands of the postganglione fibres and effector cells Ramon 3 Cyal (1894) did not
observe a direct connection of the mterstitial cell syneytium with the classical
nerve elements He put forward a very cautious hypothesis that m the gut they
were influenced by the nerve fibres entening the intestinal wall  According to Boeke
the interstitial cell syneytium forms a penterminal network with an alseolar struc
ture 1 which the fibnls of the post; } sympathetic fibres end and which
18 thought to produce neuro hormones He believed the cells are neural i nature
and that neurofibnls emanate from these cells and end 1 boutons terminaux
agamst the effector cells

The interstitial cell syneytium (hbe the Schwann cells) persists after denervation
{cutting, of the postganglionic nerse fibres) Strong evidence has been produced to
show that drugs act on the interstitial cells of the gut (sce Boeke) The lattér
stanr with methylene Llue and siver methods They may show granules and
vacuoles Some ncluding Dogiel (1894) Schabadwsch (1930 1034) Nomdez
(1936 1937 1939 1943) (sec Mitchell 1956) regard them as connective tissue
elements Bloom thinks they are probably nervous but may be microglial that 1s
reticulo endothehal 1 nature Other workers have considered them as Schwamn
cells with which they are claimed to be syncytally continuous Some authors
regarded them as small ganglion elements others as simple sympathetic or sensory
cells (Coujard 1943  Feyrter 1902 “Meylmg 1953 Nelemans 1948  Schaefer
1952)  Leeuwe (1937) described their developmental omgin from embryome
sympathetic plexuses He distinguished them from Schwann cells  Though nerve
cells elsewhere do not form & syncytiom Boeke stressed the fact that they look
hke nerve cells and has therefore regarded them as neural in nature and clarmed
they contan neurofibrils but Matumov and Bloom (1942) deny this Boehe felt
they are an 1ntegral part of the termunal sy mpathetio formation and not an accessory
system as Ramon y Cajal thought They certanly Le m close relationship to
unmyelinated nerve endings and the syncytiom may well be mterposed between the
nerve plexus and the effector cells Whatever their nature such cells undoubtedly
will be affected bv nervous discharge

Rouget cells or pericytes
Around the capllary vessels are found certain cells varously described as
Pouget cells or pericytes the nature of which has heen 1 doubt They appear to
I;e macrophages (Best and Taylor 1950) They stam by slver methods which
e processes Ing the vessels but not closely appled to
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modality of sensation present (scc Tower 1940) Al the evidence suggests that
such fibres transmut the diffuse compelling, and burming type of pun sensation
(sco Tulton 1048) It seems that in all tissues ncluding epithelia blood v eseels and
glndular tissue are found free nerve endings of unmyclinated posterior nerve root
fibres  Such fibres do not degenerate after ablation of the sympathetic  Some
tissues such as glandular aeint eprthelia and blood vessol walls also recerve sympa
thetie fibres
In the posterior nerve roots all the  affcrent ' unmyelinated fibres of the pert
pheral nerves whatever thor ongin aro grouped together laterally  Disision of the
Interal part of these roots cuts these unmyehnated fibres and now, on stimulation
of the nerve distal to the section no antomatic reflexes occur as they do n intact
ammals (Rancon and Davenport 1931 Clark Hughes and Gasser 1935)  After
entening the cord the conrse of most afferent fibres 1s well known  Those conducting
pun and temperature are considered to end apamst cclls m the posterior horns from
winch relay occurs by way of fibres which cross in the central grey matter to ascend
on the opposite side of the cord as the spinothalimie tracta  Others paas directls
mto the posterior columns of the cord and ascend to relay mn the nucler of Goll and
Burdach  The central branches of the unmyelinated C fibres have a different
pathwas  After entermng the cord they pass not into the ascending tracts but into
Lissauer s mtersegmental tract and thus by short relays n relation to the central
grey matter up and down the neuraxis ending tn the hy pothalamus (Inappers Huber
and Crosby 1936 Ranson 1039) Thus the C fibres of the penipheral nerves
and posterior nerve roots diffcr in structure course connections and function from
other afferent fibres It seems that glands blood vessels viscera ete  are suppled
with unmvelinated and finely myvelinated nerves derned not only from the auto
nomie but also from the postertor nerve roots and trigemmal nerve
The ending, (? or ongm) of unmyehmated nerve fibres in relation to their effector
cells has been re.arded as occurning in different ways  Pamon s Cajal demonstrated
a thick plexus of unmy elinated nere fibres m the connectn o tiscue outsido epithelia
or glandular acint - From theso bundles some fibres separate off and ramufy several
times over the basement membrane Vived with these fibres were fine sumple
expansions of what he consmdered to be multipolar nerve cells lying between the
acim of glands  These branches terminate freely outside and between the secretory
cells or rather in the mtercellular cement Furthermore around the autonomic
ganglion cclls and 1n the meshes of the plexuses n the Auerbach s and Veissner s
nerve plexuses of hollow organs and m the cardise gangh are seen a large number
of triangular stellate cells (Cajal s interstitinl or holliker s mtercalated cells) wath
ramified varicose expansions penetrating among the bundles of smooth muscle The
expansions of these cells often anastomose  with one another (Ramon 3 Cajal
1894 1933) Cyal regarded both the multipolar cells found around glandular
acima and the interstitial cells as neural m nature and concerned with the transmisston
of the nerve impulses to the effctor cells
Boehe (1930-40 1949 1051) using silver and vital methylene blue stuns al<o
calls attention to the svneytium of anastomosing interstitil cells of Cajal
Cells of sumilar nature he found 1n betw ecn fat cells 1n the cornea around scbaceous
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The Hellen Zellen System of Feyrter

Feyrter (1953) has deseribed a system of cells in varions parts of the body which
he calls Hellen Zellen (clear cells) or HZ  These may occur singls as 1sland cells
( Inselzellen ) or collections of such cells called  msulires Gangorgan  and the
whole sy stem was nuned the diffuse endocnine epithelial organs The cells are found
Ising on the basement membranes of the aci and ducts of glinds ncluding the
sweat salnary, mammary pancreatic prostate the bulbo urethral (Cowpers)
para urethral and Bartholins glands (as so called bashet cells) and of epithelia
such as that of the gut and unnary and gemtal tracts The HZ are of varying
size and may be bud ke flask shaped stellate or three cornered band like or
net ike The cells nsually form a syncytium  The plasma contams grinules or
droplets which show as striations 1n the peripheral parts of the cells  They stain
with Sudan III with cosn with siher with the Bielschowsky Cros and Gros
Schultz methods often giving a stnated appearance and with chrome salts The
cells shnnk 1 celloidin preparations and m formalin fixed autopsy material the
granules are Iysed  The cell pltsma may then stan diffusely with eosin or silver or
be pletely tamed and clear (1 h The cells often contain much
water and watery vacuoles They are hydrophilic and may swell up and press on
neighbourmng cells or with certain treatments shnnk and leave spaces  Chromophil
and chromophobe cells may he next one another Al these features are dentieal
with those of reticulo endothehal cells while as already deduced bashet cells
which form part of the HZ syvstem have many of the features of reticulo endo-
thelial cells Feyrter also states that the httoral and wandenng cells of the pitwrtary
and parathyrords and certain cells found round the aem: of the thyroid gland have
the typical characters of Hellen Zellen He also de<cnibes the Hellen Zellen as in
ereasmg 1 number 1n d of chrome mfl; Thus the Hellen Zellen
appear to have many of the characteristics of reticulo endothehnl cells

The prostate 15 permeated by a rich nervous network 1 the meshes of which
espectally well seen 1n the feetus and infants are found typical Hellen Zellen erther
sngly or n groups and considered of neurogenic orgin  In the panereas argyrophil
basket cells or Hellen Zellen are seen lying on the basement membranes of the acim
and ducts  others are found lying between the actm  whule still others may be seen
on mterlobar septa enclosed 1n a bundle of nerve fibres associated with ganglon cells
and satellite cells Feyrter and lus school thus consider Hellen Zellen are of neural
ongm with a close relationship to nerve fibres and regard them as endocrine cells
forming a system of penipheral endocnne glands However asindicated the Hellen
Zellen have many features of reticulo endothelial cells and )i Feyrter
m fact hmts at thrs but dismsses 1t The problem of a chemo receptor function of
clear cells 1s also mooted by Feyrter Hellen Zellen accompanying nerve fibres and
Iymng 1n relation to ganghon cells nerve fibres and their endings and to glandular
acim and epithel pond 1n character and wituation to the interstitial cells of
Cajal whle those accompanyng nerve bundles correspond to the perineural cells

many of which are macrophages The matter will be reconaidered mn the next
Chapter
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them Not all eapillaries appear to be supphed with thesc cells (Best and Taylor
1950) In mflammatory states the cells may round off and mi mte ke macro
Phages (Jaffc 1938) which many workers for example Clark and Clark (1920) and
Cappedl {1929) belevc they are

Basket Cells

Around the act and ducts of the salinary Incrimal and sweat glands breast
pancreas and prostate and the suborbital glands of rummants and the ducts of
Warsung and Santonint of man and Jower vertebrates are found certam cells known
as basal  myo epithelial or bashet cells  For a full account of these sce Ztmmer
mann (1927) and Tevrter (1953) These cells arc found within and Iving on the
basement membrane of the acm and ducts of the glinds  They are closely applied
to the gland cells and those iming the ducts which they tend to enaircle  They are
branching stellate bandhike flattened or spindle shaped  They often extend with
their long axis parallel to that of the gland orn a spiral form They form sy ncs tial
anastomoses or networks one with another They contan fibrllary protoplasm
and often granules  Feyrter (1903) showed that the cell granules stam with chromic
salts and silver by Bielschowshy Cros and other methods (see also Muller 1893)
They may be striated and look rather ke amooth muscle cells  The cells alwo stain
with wron hematosyhin and with vital methyviene blue (\hislawsky  1909) In the
salivary gland these cells are stated to tahe up mjected substances (see Ztmmermann)
pigments and dyes (see Schaffer 1927) for example 1n diabetes typhoid fever ete
The cells round off become mobile or inerease 1n number in inflammation  Coupled
with the stmmng charactensties this suggests they mav be of macrophage tvpe
According to Fevrter (19,3) fine nerve fibres penetrate the bacement membrane
and end 1 relation to the<e cells  They appear very early deselopmentalls  The

visceral cells of the glomeruli of the kidney and also those of the stellate reticulum
of the enamel organ stun similarly and have a similar appearance (Zimmermann)
while Fevrter showed that cells with similar charactensties were found jn relation
to the nerve plesuses in glands such as the prostate or pancreas

Nervous stimulation or pilocarpine 13 smd to cause contraction of the basket
cells (Renaut 1894  Sperling and hoppanv: 1947  Ring and Pandall 1947)
The bashet cels have thus been considered as responsible for compressng the
glands and expressing their secretion (for accounts see Schaffer 1927 Zimmermann
1927 Cowdry 1028} However macrophages may sumlarly change shape when
stimulated and since bishet cells alvo oceur in the penneursl tisues 1t 1s difficult
to belisto thev are contractile

Rrauce (1804) and Pflu_er (1560) both thought the cells were neural gan hon cells
interposed by their proce ses hetween nerte fibres on the one hind and the gland cells
on the other Others have regarded them as epitheltal while still others as meso
dermal They he 1n a position mterposed betiween the blood and epithelinl duct or
gland cells  They are related to nerve fibres  Simular cells are found 1t the nervous
network of the glands such as pancreas and prostate  These cells have many of
the features of reticulo endothelal cells
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The Hellen Zellen System of Feyrter

Fevrter (1903) has deseribed a system of cells in various parts of tho body which
he calls Hellen Zellen {clenr cells) or 7  These may ocenr sngly as 1stand cells
{ TInselzellen ) or collections of such cells called msulires Gangorpan  and the
whole gystem was numed the diffuso endocnine epithehal organs  The cells are found
Iying on the basement membranes of the aeim and duets of glands meluding the
sweat salnary mammary pancreatic prostate the bulbo urethral (Cowpers)
pars urethral and Bartholins glands (as so ealled bashet crlls) and of emthela
such as that of the gut and urmary and gemtal tracts The HZ are of varying
mze and may bo bud bke flask shaped stellatn or three cornered band Wike or
net ke The cells usually form a syncytium  The plasma contamns granules or
droplets which show as stmations 1n the penipheral parts of the cells  They stam
with Sudan IIT with eoun with silver with the Bielschowshy Gros and Gros
Schultz methods often giving & stnated appearance and with chrome salts  The
cells shrink 1 ccloidin preparations and in formalin fixed antopsy matenal the
granules are lysed The ecll plasma may then stun diffusely with eomn or shver or
be completel; d and clear (leptoct )} The cells often contan much
water and watery vacucles They are hydrophihic and may swell up and press on
neighbonring eells or with certain treatments shnnk and leave spaces  Chromophil
and chromopliobe cells may lie next one another Al these features are dentical
with those of reticulo endothelal cells while a¢ alrendy deduced basgket cells
which form part of the HZ system have many of the features of reticulo endo~
thelinl cells Fegrter al<o states that the hittoral and wandenng cells of the pitwitary
and parathvroids and certam cells found round the aciny of the thvroid gland have
the tvpical characters of Hellen Zellen He also describes tho Hellen Zellen as in
creasing n number 10 conditions of chrome nflammation Thus the Hellen Zellen
appear to have many of the charactenisties of reticulo endothelial cells

The prostate 18 permeated by a rich nervous networh in the meshes of which
especially well seen in the {fwtus and infants are found typical Hellen Zellen exther
singly or 1n groups and conmdered of neurogeme ongin  In the pancreas argyrophil
bashet cells or Hellen Zellen are seen lying, on the basement membranes of the acim
and ducts  others are found lying between the acim  while stall others may be seen
on interlobar septa enclosed 1n a bundle of nerve fibres assoriated with ganglion cells
and gatellite cells Feyrter and hus achool thus consider Hellen Zellen are of neural
on,in with a close relationship to nerve fibres and regard them as endoenine cells
forming a system of peripheral endocrme glands  However asindicated the Hellen
Zellen have many features of reticulo endothehal cells and pt Teyrter
m fact lints at this but dismisses 1t The problem of a chemo receptor functton of
clear cells 13 also mooted by Feyrter Hellen Zellen accompanying nerve fibres and
Iying 1n relation to ganghon cells nerve fibres and their endings and to glandular
aan and epithel m character and to the mterstitial cells of
Cajal wiule those accompanying nerve bundles correspond to the permeural cells
many of which are macrophages The matter will be reconsidered m the next
Chapter
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Langerhans and Clear Cells of the Epiderms

Maason (1826) desenbed eclls which ho termed  dendntic  eells Iung heneath
or betneen tho basal layers of the emdernus on the basement membrane and
which he considered to be the melanoblasts  These are to he distingmshed from the
“eellules clawres ” or elear cells which are ajam the sxme as the tactile cells of
Merhel Ranster  These “ clear’ cells he thought were connected with the terminal
arhorization of nerve fibres I rom them anse a number of fino brancling filaments,
which pass up between the palisade cells for surpriang distances and form a networh
about them  In sections of fresh shin the cytoplasm of these eells blackens with
ammomacal stlver mtrate unlihe the pigment contmming cells of the basal Javers
In the Jvvers immediately above the germinal or basal Javers but al o throughout
the eprdarmus are found the cells of T ingerhans (T angerhans 1568) wlich are
non pigmented and st shapcd with Tong arregular processes which penetrate the
ntercellular spaces and follow the intercclinlar outhines Mo traces of them are seen
1n shdes prepared by ordmary methods  lhes stun with gold and siiver reduction
methods stuning ty preal of macrophages (sec Marshall 1156) The I angerhans and

‘elear  cells also give the typical staiming reactions for Hellen Zellen (¥evrter
1933) Lhey are found not only in the vartous lavers of the epidermis but also m
the hur sheaths the epitheltum of the glans ponis and of the mucost of the mouth
Simlar cells are also found m the shin of lower forms meluding reptiles  Therr
relationship to nerve endings in the shin has been frequently descrtbed  For a full
account see Schaflcr (1927) and numercus articles on the ners ous svstem of the shin
by Mason (1926 1935) Vany hwve re arded the cells as neuralin ongin - Others
have considered them as Iy mphoid wandernin,, cells
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EXPFRIMENTAL TECHNIQUES

Winrs o great deal of work lias Leen curned out on the reticulo cndothe tiat
system the exnct distnbwtion of the plingocstic cclla jn the vanoua argans s etill
not completely known tior 11 the relation ldp if any, of the phagocytic celta to the
nerse hbres Lo tey to throw Lt on the problom it way deaded to w o sitdl
methylene Bt staimng of tissues Methyleno blue s anespe anldly gseful vital dye
In time all lvang, cella incuding, hactern stugle clled orgamsms the cclls of »
trastie or celld in tissno (uttures reduce ita N gronp resntting in the formation of »
coloytltas Jenco compound  The rate at which thia takes place in the vertebrato
hody sares with different traaites depending o these content of inacrog bages and
their metaliolie rate  Mcthylone blue hang an electro positive (hasic dse) when
igected directly mto s lsang 4 sue of course mmediately stingallits constituents
but after a while (saryang with the tizsie) the dve fs found to bo concentrated Jn the
macrophages the Schwann ad the  anterstitinl - eells and roticnlin filirea of the
tissues from which the colour tradually fades af o ff the tissun 18 later oxpo ed
to air (blued) for fiftecn to thiety minutes the nceve fibee s esprcinlly the unmy e
nated regmin o blue colour hy whieh timo the colour has usually faded from the
macrophaaes  Sachovatal starmng, of unmyelinated neeve fibres oreurs both i the
penpheral tresies and conteal nervons system Ded aned gngared Gasues stain
diffnacdy  Methylene Dlae rolrtions are relatisely mnoctions and can be uzed for
myection into patients without il effecte Weddell Hacpman Fambley and Young
(L) ed this method of deecet ingection of methylene blue jnto the Usaues of the
Iiving, animal for the purpo o of investigating, nervo b tribmtin Lhe part fo be
examined wag then rapdly removed cut snto slices Blsed and fixed  With con
centrations of 0 17, of the dye in normal raltne left in the tissues for fifte 1 runutes
they obtamed the most katrafactory staimmg of neeve fibres Wit conee ntrations
of the dyo from G 00 75 to 0 647, sty of the nerves waa antisfac tory throughout
but with increasing, concentratson the neunlemma sheath cells reticuhn fibres and
macrophages became stamed

An mvestigntion of the nerso supply  the interstitial cells and the retrculs
endothelial eclls an novmnal tissue and i malignant tresue and Lemen tumours was
undertahen by direct mjertion and anfiltration of sofutions of 1o thylens binc
trypan blne and other wital and aupravital dyes mto human maternl ether
immediately prior to or after semoval from the body ot by repratedly njecting
vital dyes mto ammals  \ccording to the t1 <ue the strength of methylene hlue
used 1n the present mvestigation was hept between 002% and 005, dependiny,
on the ate of reduction of the dyo and ats ease of diffueton that 13 the looscne s
of tho trssuo  [ho dye rolution was made up fresh for ench mgrctum  Lhe
preparation made by I ntish Deug, Hotses especually for vital stamin,, was found
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Langerhans and Clear Cells of the Epdernus

Masson (1926) descnbed cells which he termad “dendntie  cells hing beneath
or between the basal Inyers of the epidernus on the bacement membrane and
which he considered to bo the melanoblasts  These are to bo distingusshed from the

cellnles clares’ or clear cells wiich are again the sime as the tactile eclls of
\ferhel Ranvier  These ‘clear ' cells he thought were connected with the termmal
arhonzation of nerve fibres  1rom them arise a number of fino branching filaments
which pass up between the pabisado cells for surprising distances and form a networh
about them  In sections of freeh shan the eytoplasm of these cells blackens with
ammoniacal siher mtrate unhhe the pigment contammg cells of the basal Inyers
In the hiyers immediately above the germinal or bacal lavers but al o thronghont
the epidermi> are found the cells of Langerhans (Langerhans 1668) whieh are
non pigmented and star shaped with long wregular proces ¢3 wlich penetrate the
mtereellular spaces ind follow the mtercellular outlines  \o traces of them aro seen
mn shdes prepared by orthinary method  They stan wath gold and silver reduction
methods stamimg ty pieal of macrophages (see Marshall 1006)  Ihe Langerhans and

clear  cells also give the typical staming reactions for Hellen Zellen (Levrter
1903) Ihev are found not only m the vartons layers of the epidermis but also
the hur sheaths the epithelum of the glans pems and of the mucost of the mouth
Simlar cells are also found n the sl of lower forms meluding reptiles  Thar
relationshup to nerve endings m the shin has been frequently de erbed  For a full
account sce Schaffur (1927) and numerous artrcles on the neryous system of the skin
by Masson (1026 1035) \lanv have regarded the cells as neural mn orian  Others
have considered them as Iymphoid wandening cells
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using dves chemically related to methylene blue such as tolmdme blue thiomn
etc Attempts to counterstamn with neutral red and other dses were abandoned as
they obscured the vitally stuned structures By this method nerve fibres and
endings Schwann cells interstitial cells and also the maerophages can be examined
In various tissues At the same time however the dye often condenses on the
reticulm fibres and basement membranes on which he the macrophages Al intact
epithelial parenchymal and glandular cells and muscle fibres decolounze the dye
very rapidly unless damaged  Dead tissue stains diffusely and does not decolounze
the dye By this method most of the normal trsues of the body were eventually
stained satisfactonly
In order to study further the distnbution of the macrophages similar infiltrations
of fresh tissue were undertaken vsing vital dyes chiefly trypan blue Janus green B
etc Numerous expenments were carried out to determine the appropriate concen
tration of the dyes necessary It was eventually found that 0 02% trypan blue or
Janus green B gave the best results without hyalase  Solutions of 0 5%, Indian
nk were also used The mnjections were made directly nto the tissue and when
uang trypan blee and Indian ink after a few minutes the material was placed m
10%, formal saline for twenty four hours and frozen sections eut and treated as
before
Similar mjections were mude mto numerous human bemgn and mahgnant
tumour tissue  Pieces of some of the same growths which had been suprantally
mjected 1n an attempt to show nerve fibres were taken and stained for nerve fibres
by Holmes method as described 1n Bolles Lee {1050) as a check on the methylene
blue method
Tn another expenntent five mice bearng spontaneous malignant breast tumours
(papillary adenocarcinoma) were injected intraperstoneally with 1 ml per 20 C body
weight of 1%, saline solutions of trypan blue twice weekly for eight mjections
The mice were killed the day after the last injection and the tissues both normal
and mabgnant fixed in 10%, formalin and examined as before
In a further expemment exght mice of the CH, stran bearng spontaneous
malignant breast tumours were given six twice weekly intrapentoneal mnjections of
1 ml per 20 G body weight of 1%, sterile 1samne blue 1n normal saline {the con
centration recommended by Goldmann (1912)) The ammals were killed under
anxsthesla and their abdomens and thoraces opened and the whole ammal placed
n 109, formalin solution The vanous tissues to be examined were cut with the
freezing microtome dehydrated 1n alcohol and cleared 1n xylol
Expenments have also been crried out with the vital dye pontamme shy blue
which has been used by VWemberg and his co worhers (for example W einberg and
Greany 1950} for mvestigating the lymphatic dramage of organs When injected 1nto
atissue and allowed to diffuse the dye stamns both the draiming 1y mphatic vessels and
nodes An mjection of 5 mls of sterile 2% solution of the dye 1n normal saline was
made mnto the subentaneous tissues below the angle of the mandible 1n a patient
with metastatic deposits mn the cervical lymph nodes from a carcinoma of the
floor of the mouth A simlar injection was made tnto the wall of the stomach 1 a
patient with a carcinoma of the stomach with secondary deposits in the portal lymph
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most satisfactory  When the tissuo 13 loose the bluemg of the nerve fibres can be
accomphished 1 the way desenbed above but n tissue contmnng much fibrous
tissuo nccess of ovygen to the nterior of tho tissues 18 1mposaiblo and 1t was found
that blueng of the nerses does not oceur by the method ady oeated by Weddell ¢f al
Turthermore 1n tissues wath & very high rate of metabolism such as Iiver the nerte
fibres usually stam only with great duficulty This 18 also found with epithela
Sometimes both macrophages and nerve fibres become stained at the same time but
usually staiming in macrophages has disappeared by the time the nierse fibres gtain
In order to obtamn satisfactory stainmg of the macrophages and nerve fibres of any
tissue owing to the vanability of stamning of macrophages with the physological
state of the tissue 1t was usually necessary to carry out Jarge numbers of tnjections
a most tedious and time consurmng process  To try to surmount some of these
difficulttes hyalase (as advoeated by Weddell) was used 1n the injection flud or
mnjected into a fissue fis ¢ to thirty minutes prior to the dve mnjection to allow diffusion
of the dve and access of 0xygen to tho intenor of the tissues  Ilus however proved
disappomnting n st i phages as it caused a diffuse stamming of the matrre
of the conneetive tissue and its cells and was finally abandoned as alterng the
normal conditions of uptake of dyestuffs from tissue fimds by many cells  Vanous
other methods of blueing the nerve fibres were tmed  This included the use of

H aceeptors such as resoremn (0015%) pa phenol  p pheny lened, an
pyrocatechol as advocated by Schabadasch (1936) These were found ineffectve
5 vols

Esentually hvdrogen perovido sufficent to render the solutions of 1-25
strength was mcorporated 1n the salne solutron of tho dye The method finally

adopted was to infiltrato the following solution

3070 0§%
?{Ie(t)h‘ Ilc"f;’l‘":]so 02%-008%, }m normal s2line
t k] a

Fien this method did not always result m umform stammng of all the macro
phages of & tissue A method was required to stimulate the activaty of the macro
phages before mjection of the dye It seemed that prior injection of foreign protein
might be the answer to this problem I gg white thoroughly beaten up and diluted
one in two with normal salme was therefore infiltrated into the tissue a few mnutes
before the dye solutton  Thus produced a marhed inercase in the number of macro
phages and nerve fibres staimng  The techmque finally used was as follows

The pieco of tissue 1 about 1-2 cms cubes was obtained immediately after
remotal from the body  With some tissues no egg white was mjected  With others
mfiltration with 2-5 ces of the egg white solution was carried out as evenly as
possible  This was folloned about 2-3 minutes Iater by the dye golution It 1s
1mportant not to use too much dye solution as this eauses a general diffuse stainng
The dye solution was kept at blood heat until the mjection  The tissue was then
immediately put into a fresh 1ce cold solution of §%; ammonium moly bdate solution
for twenty four hours In order to study the distrbution of macrophages and
nerve fibres i three dimensions thich frozen seral sections (50~100p) of the whole
specrmen were cut mounted debydrated for twenty minutes m dioxane cleared
1n <ylol and mounted in balsam It was found that sumlar results could be obtamed
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11st form a syney tium and appear interposed between nerve endings and tho effector
cells  While the neural or neural erest ongin of the two former types of cell 13
geverally accepted the nature of the mterstitial cells 15 1 doubt  Some workers
believe them to be ganglion cells others to be cells of neurl ori m others microghal
10 mature and still others mesodermal clements  Cells with sl characters are
found between fat cells m the cornea around capillaries m the walls of the larger
blood vessels between plun muscle fibres m relation to striped muscle fibres and
1n the mucous membrane of the fro_ s mouth and elsewhere
Tangerhans and dlear cells 1n the epidermss also stan by siver methods wnd
have been regarded as neuril or as wanderin,, cells
The bashet cells ind Hellen Zellen of glinds and epithelia hikewise stain with
silver methods are reported s takun, up eirculating substances form a syneytium
and il e mterstitial cells he m elo e relutionship to basement membranes and nerve
endmgs apparently mterposed between the Iatter and the effector cclls  They hwve
al o been described 1n relition to peripheral nerves and autononuc plexuses and
regarded as neural 1n origin
Nlacrophages or reticulo endothelial cells take up crrculating substances meluding
methylene blue and their granules also stamn by silver methods as do those of
terstitial and bashet cells and Hellen Zellen
It appetred important to nvestigate the relationship of the above cells to one
another A number of tissies for example the normal breast fat muscle skin
glands and nerves were stamned by 1ital methylene blue trypan blue or Indian mh
njections  Using methylene blue in the breast the nterstitial  cells stained and
were found to form & syneytium around the acim and ducts (Figs 2 3 30) Other
cells of vanous shapes hin, between the aemar cells md those hmng the ducts and
mternal to the bisement membrane hhewise stained with methylene blue (Fig 2)
“ometimes these only Iny between the bases of the acinar cells  All these cells alvo
stained with trypan blue and Indian mk (Figs 1 4) The cells Iving between the
duct or Jand cells correspond tn their situation with the myo epithelal basl et
cells or Hellen Zellen Between fat cells and plain cardiac and stniped muscle
fibres and i artenole walls the cells described as identical with interstitial  cells
and staiming with methylene blue also stained with trypan blue (Figs o 6 8 9 20
23) The iuterstitial cells around the captllaties which stain with methylene
blue Dikewise stamed with trypan blue and appear m fact to correspond to the
pencytes or Pouget cells (Figs 6 17 18) The interstitial cells i the enteric
plexuses in the submucosy and the intenor of the vilh and around the acim of glands
stain with both methylene blue and trypan blue (Frg 28) Withm the epidermis
and outer harr root sheaths and in the mucos: of the mouth are also found cells
sitally staiming both with methy lene blue and trypan blue and also by silver methods
and they correspond with Langerhans and  clear cells (Fags 10 11 12 13) The
Schwann cells and <atellite cells of ganglion cells and some of the endo permeural
cells accompanying the pertpheral nerves also stain with vital methylene blue and
trvpan blue and by mlver methods (Fig 7) The mterstitial cells Langerhans
cells m the emdernns microglal cells macrophages 1n the alveolar septa of the
lungs o the splenie pulp and around malignant growths may all hate similar
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nodes and also mto the body of the utcrus m another subjeet with o eareinoma of
the Dody of the uterus with sceondar nvolvement of the retonal lymph nodes
After warting about fiftcen minutes for difusion of the dse the Iy mph nodes dramun,,
the mpcted orgin were removed placed i 109, formahn for twenty four hours
fnd sections eut as hefore

By thas method of direct 1jechion of non fovic substances 1nlo huing fissue af 1
possible to study the structures on whek either postirely or neguliely charged parlicles
or 1018 become concentrated aflcr escupe from the circulation and thus their pasiage nto
the body edlis in the linang state . Physioloical substanees m the arculation may well
behave stmilarly  Tien so the statmng m any gren trssue using the same tech
nquersyarrible  Asalready seen this depends on the metabolie actinaty of the tissue
at the tnne Iy dircct mjection mto indiadual tissues far greater numbers of
vstally staming cells ean be made out 11 a tissue than by methods i ol ing paventeral
mjection of substances and there presase mto tho errculation  In the hidoey and
central nervous systom the appearances are totally different from tho e obtamed by
parenteral mnjec tions

The microscoprcal appearance of a macropha.e depends on o number of con
dittong It seems to vary with the physiolo.teal activaty of the cell A macrophage
may have a rounded or ovoid confi uration or it may be spread ott with fine branch
g pracessed Tool my, Iihe & gan lon cell (T1gs 4 10 12 15 20 36 39 43 44 o
59 63 69 70) At other tuncs 1t 13 clongated and appears spindle shaped hhe a
fibroblast (Figs 1s 20 21 24 27) espeanily when compressed by pre sure between
nerve collagen or muscle fibres  The same 13 obeerved 1 the walls of blood vessels
Shey are often elon, atcd when they Jie between cprthelal eells (Figse 20 31) When
they contun fat droplets they mav appesr sacwolatcd  This ean be observed
m cells below the epithehum of the small mtestme  Imally the apperance
of macrophages varcs with the vital dyes u ed for example the sime cells vitally
stuned with methylene blue show many more processes than those with tripin
blue when they often appear round or ovord (Iigs 10 11 12 13)

Macrophges are found espeaally m three situations

1 Perrvascuiarly around arterres eapillaries and scins

2 Penneurally and around ganglion cells

3 1In the bascment membranes of epithehs and glands

Erom the experimental obserivations it early became obvious that many cells
which aro usually rejarded as typrcal fibroblasts for example some of those lying
between collaen fibres i collagenous tissue aponeuroses and tendon retdily stamted
witally and this could be increased by stimulation with foreign proteins

The Probable Identity of Interstiial Cells Hellen Zellen Basket Langerbans and
Clear Cells with Macrophages

As described sbove using vital methyleno blue and smlver stmmng methods
certam cells have been made out lying mn relation to ganghon cells to nerve fibres
and to their endings mn the effector organs  The first aro called satellite cells the
second Schwann cells and endo perineural cells and the last interstittal cells These
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Fro 3 Swent gland an | duct v tallv stamed with metlyl ne blae sl owing _mterst t af
cells st imng macrophages sound a 1 anl d 1t and fine beaded unmyelnated fit res
supplyng both  {y 00) Compare with F g 4

F1o 4 Sweat ducts with macroph ges surround no the r 13 {Trypan blu
pe wthm thyl nebluestam gmFg 3 Th
the cells a ound the du ¢

00) Com
ese figures chow the ma rorhage nature of
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Beaded nerve fibres witt Schwann cells 1 o close to the latter (¥ 400) On ompa ing
With Fig 1 the essential ma opt age nature of mterstit al and bashet or  1my0 pithel al
ells s ev dent



EAPI PIMENTAT I CHNIQUIS

.
in
e
S
2
",
P
v
-
N
i
L
*
2
M
e et e

F1c 7 Looes connect ve tissue supra tally stamed with trypin blue sbowing sta ming of
Schw nn cells anl i 1 cating their macrophage nature {x 400 )

Tic 8 Heart mu lo
.

fowng m ophave syncyt um ( myocytes ) lyng o x lat on to
ol mma and contnuow w th 00)

pe_cytes  (Tryp Compa e with
Fg J showng d nttv of inte st tial

cell or myo vt S wihm roph ges

31



- . 8. 1
" L z [N i NN
Fro Fawithsyniytium of  antenstitnl  colls of v it nanl peaan 1 beaded unmyel n ted
nerve fres lymg between the cell  (Methyleno Hlu  _0) Comyare with By, €

Cajilay reunled by Wit Ny tlorgp 0o
t

D Rl

£ ms roph ges between
6 Fatstined w th supray tal trypan blue how ng syncyt um o P
170 0 cotts . o T ranchung capila ¥ with por cytes cont mious w th m crophages brtween

fat cells (> 00) Compart with metl ¢l ne blue timng (g 5 Il hows the
macropl age natu o of the  nte sttial  ellyin fut



EXPTRIMENTAL TECHNIQUFS 33

La ge hansc s

Egid rmi

Fio 11 Epifenn Langechans colly stained matl trspan Vlae snl ting the £ cssential
- ma ropt ge nature (cmpare w thbig 10 (400}

N qa\i

) i W‘*r:s\p“\ ~

Fro 1 H o folls lo showing Lang hans cell syneyt um nout hair sh ath st ted w th
t 1m thyleneblu (x 1 0)

sty 5



32 GROWTH AND SUMOUR FORMATION

kg ¢ Heart muscle showing macrophages {myocytes) lymng m relation to rarcolermma with
be ded nerve fibres tn kel itionship to macrophages  (Vethylene blue x 00}
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stellate appearances and stamn m the same way (Ligs 5 10 13 19 24 2, 28 29 30
31 32 33 50 53and 61) It appearshil ely therefore that wnterstiial cells and some at
least of the basket ( myo epithehal )cells Hellen Zellen  clear cellsand Langerhans
cells are wdentical 1 nature and no morc than reticulo endothelial cells and that satellite
and Schwwann cells arcspeettlized cellsof thesame nature * I verywhere these cells are
found m close relationship to unmyelinated fibres and their endings  Theyv would
seem to stain temporanly with methvlene blue simply because they concentrate 1t
Iike any other vital dye prior to decolourtzation

It was mentioned that n these mnvesti ations thick sections (50-100 p) were used
1 order to be able to follow the meandunings of nervo fibres and their relationship
to macrophages  Furtliermore the processes of microphages may extend in different
photogrephic planes Because of these facts the techmcal difficulties of making
photogriphs of the sections have been very great and their quabty often poor It
has frequently pros ed impossible to convey on to photographic paper the appearance
of the macrophages and nerves and many structures appear out of focus Other
workers for exnmplc Mitchell (1906) have expenenced similar difficulties In
studying the graphe 1t 13 necessary to ber that unmyelinated
nerve fibres often have 4 beaded or dotted appearwnce due apparently to local
vancosltlcs

3poss blo that ot all eells founl at th e stea of baskot cellior HZ a ema otago n naturo
mmgh ‘most of t} em appear to
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Figs 510 1319 ¢ 9 8 030 31 3 33 50 53and bl {x 700



VITAL STAINING OF NORMAL TISSULS 37

In the autonomuc gangha the multipolar ganghon nerve cells are scattered
wregularly throughout the gangha in groups separated by plexuses of nerve fibres
The nerve cells are surrounded by a delicate capsule composed of a connective tissue
membrane bordered mternally by capsular or satellite cells  They are continuous
a8 a gy neytium with the Schwann cells accompanying, the axons of the ganghon cells
The dendnites of the ganghon cells form a network beneath this capsule in relation
to the satellite capsular cells and capsular membranes as an intra capsular dendntic
plexus  The preganglionic fibres entering the ganghon form an inter cellular plexus
between the capsules where they may end or pierce the capsules and ntertwine
with the intrncapsular dendntes and the capsular cells as a perceliular pletus
(Ranson 1947)

In the enteric plexuses such as Auerbach s and also scattered in the submucosa
and interior of the 1ilh and among the muscle bundles are the triangular stellate

interstitial cells  of Cajal and holliker the processes of which interliee to form
an rrregular network of syncy tium

Vith wital methyvlene blue 1njections nerve fibres of all kinds mas be stained
but the unmyelinated beaded axons scem more easily stained than others Un
myelinated fibres withmn the central nervous system may alvo stun to the exclusion
of other fibres Using methylene blue and trypan blue techniques an intense blue
staming 13 given by bundles of mned penipheral nerves The axons are found
surrounded by very numerous vitally staining, epr and pert and endo neural macro
phages Iying among reticulin fibres and fibroblasts  Fine unmy elinated nerve fibres
possibly nervi nervorum are also found here

In the loose subeutaneous connective tissue bundles of unmyelnated nerve
fibres stamning with methylene blue are surrounded by collections of macrophages
which appear to be attracted round the unmjyehnated fibres (Fig 15) In some
sections the perineurtl macrophages ean be shown to diverge from the nerve fibres
and to merge 1mperceptibly with those 1n the connective tissue generally (Fig 20)
Methylene blue 1 concentrations of 0 03%, up to 006% trypan blue and Janus
green B solutions injected locally are also taken up by Schwann cells (Iigs 7 17)
In Auerbach s and Meissner s plexuses and 1n all the layers of the gut the interstitial
cells stain vatally with both methvlene blue and try pan blue  In the loose connective
tissue of other organs such as thit of the ovary or the senile uterine mucosa the
nerve fibres appear to be appled to or come mto close relgtionship with cells which
vitally stam with both methylene blue and trypan blue and whichk thus have the
charwctenstics of macrophages (Fig 16) ‘They almost seem to take the place of
Schwann cells

In autonomic gangha numerous cells stammng vitally with either methylene blue
or trypan blue can be observed in the connective tisue around or i relation to
ganghon cells as satellite cells

Cappell (1929) and others found that perrpheral nerve sheaths often stun deeply
with vital dyes  Pamon y Cajal (1933) and Maximov and Bloom (19.2) also state
that many of the epr and pen and endo neural cells are macrophages That the
neunlemma (Schwann) cells may also stam vitally and phagocy tose substances like
macrophages has also been reported by Domikow (1913) Nistr1 (1949) and others
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THE VITAL STAINING AND DISTRIBUTION OF MACROPHAGES AND
UNMYELINATED NERVE FIBRES IN NORMAL TISSUES

Titz. distribution of nerve fibrea and macrophages i each of the body tissues
will now be considered hrstly as revealed by my own findings and secondly from
those of other workers  Ihe present knowledge of the distribution of autonomie
and unmyehnated nerve fibres to glands blood vessels viscera ete 1s largely sum
marized m the book by huntz (1953} from which most of the descriptions of what 15
known of the mneryvation of the vanous tissucs arc tahen

Macrophages 1n the Peripheral Nerves and Autonomie System

The ganghon cells of the postertor nerve root gangha are enveloped by two
cellular eapsules  The nner 13 made up of small flat epithelial like satellite or
Schuann cells continuous with the Sehwann cells enveloping the axons of the
peripheril nerves and lying 1n a thin structureless retrculin membrane which extends
along the ganghon cell processes to become continuous with the endoneunum of
the nerve fibres The outer capsule 1s formed by coll fibres and fibroblast
arranged concentrically and contamng a dense capillary network accompamed by
fine unmyelinated fibres the nerv1 nervorum

The peripheral ner es are enclosed 1n an ep made up of e tissue
cells and reticulin and collagenous fibres mainly longitudinal and fat cells are
often found Lach of the smaller f: les 1 enclosed 1na b of concentnc
connective tisue layers called the perneurrum hhewise formed of reticulin and

11 fibres phages and fibroblasts From this pass fine longitudinally
arranged strands of argyrophi reticuhn and collagenous fibres and connective
tissue cells mto the sprees between individual nerve fibres as the endonennum
The em per1 and endo neurta are continuous with the leptomeninges  The epi
and per1 neurta contamn capillaries and fine unmyelnated nerve fibres the nerw
nervorum Eventually hing the periphery where the nerve trunks diide into
smaller and smaller branches the connective tissue sheaths become thunner The
smaller branches show no epineurtum and the per: cannot be distinguished from the
endoneurium which persists as a reticulin membrane m mtimate contact with the
neurilemma of the nerve and forms the fibrillar reinforcing sheath (sheath of Retzius
or Henle) with associated macrophage cells (Maximoy and Bloom 1652) The
neunlemmal sheath also consists of reticulin {see Cruihshank and Hill 1953) Both
myelinated and unmychnated fibres arec accompanted throughout their course by
Schwann cells  The Schwann cells are known to form a syncyttum through which
avons pass (compare Fig 151—Stohr 1951)

« Tor thoss not wist ng ta read througt lengthy sccounta of ! e dutribution of macrophuges ;n
sndixtual t ssues most of th 13 chapter may be omitted and the eader referred to the findings in certa n
pathological conditions and the summsary ot the end of t} 3 chapter {pp 78-8
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f1a 16 Connect: et sueof or ity Nerve fibres prasiny, nto lose relation b p with macro
Plages (Metlyl noblie v 00)

tic 1 Tooceconmet ot esup t ly atamed wath tryp n bl
w thetanngofpe yt and of nexghbon ing Schwann ells  (

Fowngacapll y
00)
these cells and the axons of the preganghome fibres end in relation to the eapsule

cells which wre thus partly terposed between the preganglionte fibres and the
postganghonic nerve cells

Blood Vessels

Around the endothelial cells of the capillanes and closely applied to them are
found retreulin fibres on which are cells staining vitally with both methylene blue
and trvpan blue {(Figs 6 17 18) Accordin,, to the state of distension of the capil
larres so the cells appewr elon.ated along the length of a collap ed capillary or
running transversely on a dilated capillary These cells correspond to the Pouget
cells or pericytes Unmyelinated nerve fibres with attached Schwann cells can be
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The <atellite cells with which the Schwann cell syney tium 15 continuous have alsa
been de enbed as stammg as mac rophages (Contr 1946 Iranceschim 1955)
Schwann edls nd satelhite cells form macrophages in tissue culture (Werss and Het
Wang 1045)  Cappeli (1929) however could not confirm the vital stuming of
Schwann cells  Weddoll and Clees (1941-4.) studving the de.eneriting pcnphbcml
portion of sectioncd nerve fibres found that Schwann cells showed no reaction to
vital dves for 436 hour- after nerve section However as pointed out above macro
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Fio 1, SUbeutaneou t wsue supra it lly ta ned wit] methylene blue ol owing how macro

phnges are attracted roun | the unmyel nated n tve fibres (1 0)

pha,es mas not tahe up vital dyes if they contan lipids as they will m the region of
de_enerating axons

Thus 1t appears that many epr pert and endo neural and the sitelhte and
Schwann cells are of macrophage nature and th it nerve fibresin the pertpheralnerves
pass through 1 synevtium of Schwann cells  In the peripheral connectrve tissue
unmyelmated nerve fibres p1ss near or are applied to the macrophages In the
enteric visceral plexuses cells of similar nature are mterposed between the axons
and the plamn muscle fibres of the gut wallasthe nterstitial  orintercilary cells
In the postertor root and the ganglta the ganglion eclls are sur led by
a layer of satellite or capsular cells of macrophage nature lyin, on the reticubn of
the capsule The dendnites of the ganylion cells form a dense network just beneath
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to possess numerous delicate branches ling the capill: This

phages 15 possibly responsible for the freqy that phag:
oceur 1n tissues chefly perivascularly  In inflammation the cells swell up become
rounded cisplay active movements and phagocytose bactena and cellular débris
{sce Jaffc) as do other macrophages  Fine unmyelinated nerve fibres accompanied
by Schwann cells Iving outside theso cells and coming nto close relationship with

of

B el vy -

¢ BB

1)

L}

o er e S +

Fio 19 Small blood ensel of breast Iving nea a yst wall shoning el ng ted macrophages
bead

arranged circumfe ents lly around the ewsel wall nd unmyeln ted nerve fib es
with attacted Sihwann cells n 1se lationshp In the cyst wall ] es a syneyt um of
m crophages (Methylene blu  x 00}

them were observed by St hr (1922 1939 see Fig o71n Stohr 1951) He thought
however that the nerve fibres actually ended 1n these cells a condition I was unable
to observe These nerve fibres are partly svmpathetic and partly posterior nerve root
1n ongin (Weddell Ialmer and Pailhe 1955)

Elongated and flat vitally staming  adventitial  cells with slender processes
running parallel to the long axis of the vessels have been described 1n the adventitia
of the small arterral vessels by many observers (see Jaffe) In the largest vessels
such as the aorta macrophages are present throughout the different layers of the

walls These take up sterol bodies such as cholestero!l as in the condition of
atheroma

(@) Lung Alieols It 15 now generally agreed that the alveol of the lungs are
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observed immedately outaide these cells but not apparently ending either on the
perieytes ar endothelal cells though in close relationship (Fig 18)

On larger arterioles replacing the penicvtes are found elongated vitally stamung
cells which partly encirele the vessel wall They look Like fibroblasts and mav
branch and therr processes join with neighbouring members to form a syneytium of
cells  They lie mn the adventitta and media between the fibroblasts and muscle

i

—

Fic 18 On left capllary with ting pe rcy tes and nerve fibres with
attache ] Schwann ceils lying out e peri ytes A small nerse bundle 13 alo shown on
300}

nght  (Vethylene blue

cells and the connectis e tissue fibres  Thes stain with both methy lene blue and try
pan blue (Fig 19) Running round the vessels and encireling them 13 a network of
unmyehnated nerve fibres accompamed by Sehwann cells in contact with the
adventitia and also n some sections penetrating the wills  These are 1n close
relationship with but as far as can be made ont with the imts of the ordinary
microscope they do not make actual contact with the witally stainmg cells

That pericytes are macrophages was reported by Veratt: (1019) and Clark and
Clark (1925) Cappell (1929) also states that penivascular macrophages are per:
cvtes for esample in the mesenters By wilver impregnation they have been shown
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to possess numerous delicate branches encirelng the capillanes  This situation of

h 18 possibly responsible for the freq that macrophages
occur in tissues chiefly pernascularly  In mflammation the cells swell up become
rounded display actine movements and phagocytose bactena and cellular débns
(see Jaffc) as do other macrophages Fine unmselinated nerve fibres accompamied
by Schwann cells lving outside these cells and coming into close relatienship with

.
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Fic 19 Small blood essel of Frea t lyng near a cyst wall showmg elong ted ma roph ges
arranged c reumferentially around the vessel wall an1 beaded unmy Iin ted nerve fibres
= th attached Schwann cells n lose relationship  In the cyst wall 1 es a syn yt um of

ma rophages (Methylene blue )

them were observed by St hr (1922 1939 see Fig 57 n Stohr 1901) He thought
however that the nerve fibres actually ended 1n these cells a condition I was unable
toobserve These nerve fibres are partly sympathetic and partly postertor nerve root
m onigm (Weddell Palmer and Paillie 1050)

Elongated and flat wvitally staiming  adventitial  cells with slender processes
running parallel to the long aws of the vessels have been deseribed 1n the adventitia

of the small artenal vessels by many observers (see Jaffe} In the largest vessels

such as the aorta phages are present through the different lavers of the
walls  These take up sterol bodies such as cholesterol as in the condition of
atheroma

(@) Lung Alieols 1t 1s now generally agreed that the alveoli of the lungs are
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observed 1immediately outeide these cells but not apparently endig erther on the
pericytes or endothelial cells though 1n closo relationship (Eig 18)

On larger arterioles replacing the pericytes are found clongated vitally staming
cells which partly encircle the vessel wall They Jook hike fibroblasts and may
branch and their processes Jom with nesghbouring members to form a syncytium of
cells  They lie an the adventitia and medin between the fibroblasts and muscle

Frc 18 On left caplary w 1} surround ng pericytes an | unmyel nated nerve fibres with
attached ~ hwann ceils lying out 1d penicytes A small nerve bundle 13 also shown on
rght  (Methylene blue 0 )

cells and the connective tissue fibres  They stan with both methy lene blue and try
pan blue (Fig 19) Runmm,, round the vessels and enarcling them 1s a networh of
unmyelmated nerve fibres accompanied by Schwann cells 1 contact with the
adventitia and also 1 some sectrons penetrating the walls  These are mn close
relationship with but as far as can be made out with the limts of the ordmary
microscope they do not make actual contact with the vitally stuning cells

That pericytes are macrophages was reported by Veratts (1919) and Clarh and
Clark (1925) Cappell (1929) also states that pern ascular macrophages are per:
cytes for example i the mesentery By silver impregnation they hase been shown
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to possess numerous delicate branches encirching the capillaries  This situation of

phages 15 possibly responaible for the frequent statement that macrophages
oceur m tissues chiefly pernvascularly  In inflammation the cells swell up become
rounded display aetive movements and phagocytose bactena and cellular débns
{see Jaffc) a9 do other macrophages Fine unmyehnated nerve fibres accompanted
by Schwann cells Iying outside theso cells and coming mnto close relationship with
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Fio 19 Small blood easel of b ast lymg nea & y t wall showing elongated mac ophages
arr nged eircumfe entially around the essel wall and beaded unmyel nated n rve fibres
with attached Schwann cells i lose 1 tionsh p In the cyst wall Iesa yn yt um of
m croptages (Methylene Hlu 00)
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them were observed by St br (1922 1939 see Fig, 57 1n Stohr 1951) He thought
however that the nerve fibres actually ended in these cells a condition I was unable
toobserve These nerve fibres are partly sympathetic and partly posterior nerve root
1n ongin (Weddell Palmer and Paillie 1955)

Elongated and flat witally stammg  adventitial  cells with slender proces es
runmng parallel to the long axis of the ves<els have been described 1n the adventitia
of the small arterial vessels by many observers (see Jaffe) In the largest vessels
such as the aorta macrophages are present throughout the different layers of the
walls  Thee take up sterol bodies such as cholesteral as m the condition of
atheroma

(@) Lung Alieols Tt 13 now generally agreed that the alveoh of the lungs are
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observed immediately outside these cells but not apparently cndin,, either on the
pericytes or endothelial cells though 1n close relationshup {Fig 18)

On Iarger arterioles roplueing the penicytes are found elongated vitally stamung
cells which partly encircle the vessel wall They look hke fibroblasts and may
branch and therr processes join with neighbouring members to form o syney tum of
cells  They e in the advcntitin and medin betwcen the fibroblists and mu.cle

-

On left cipitlary witl surrounding pericydes and unmyel nated nerve fibres sith

ko 18
A small nerve bundle ss also shown on

1ttached Schwann cell lying outaide pert ytes
rgtt (Metlylene blue ~ 400)

cells and the connective tissue fibres  [hey stamn with both methylene blue and try
pan blue (I'g 19) Runnmg round the vessels and encircling them s a network of
unmyelinated nerve fibres aecompamed by Schwann cells i contact with the
adventitia and also in some sectrons penetrating the walls  These are in close
relationship with but as far as can be made out with the himuts of the ordinary
mucroscope they do not make actual contact with the vitally staning cells

That pericytes are macrophages was reported by Verattr (1919) and Clark and
Clark (1925) Cappell (1929) also stites that penvascular macrophaes are per
eytes for example 1n the mesentery By silver impregnation they have been shown
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to possess numerons delicate branches encircling the capillares  This situation of

P 13 posaibly responaible for the frequent statement that macrophages
oceur in tissues chiefly pernvaseularly  In nflammation the cells swell up become
rounded display active movements and phagoeytose bactensa and cellular débns
{see Jaffc) as do other macrophages  Iine unmy elinated nerve fibres accompamed
by Schwann cells }ying outside theso cells and coming mto clowe relationship with
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Fic 13 Small blood vessel of breast [y ng near a cy t wall showing el ngated ma ropl ges
arranged ¢ reumferents lly sro n1tE vensel wall an | bei fed unmy 1 nated nerve fil res
with attachind Aehwann ¢ Ua i closs relat onsh p In the ey t wall lies a ayn yt um of
macroptega (M thyl neblie  00)

them were observed by St hr (1922 1930 e Fig 571n Stohr 1901) He thought
however that the nerve fibres actually ended in these cells a condition I was unable
toobserse These nerve fibres are partly sympathetic and partly posterior nerve root
mongin (Weddell Palmer and Laillie 1945)

Elongated and flat witally stuning,  adventitial  cells with slender processes
runming parallel to the Jong ax19 of the vessels have been desenibed n the adventitia
of the small artenal vesscls by many observers (sce Jaffe) In the largest vessels
such ag the aorta macrophages are present throughout the different layers of the
‘:tullnljmm'{ahm take up sterol bodies such as cholesterol as in the condition of

(a} Lung Alieols 1t 13 now generally agreed that the alveol: of the lun,s are
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Iined by a Ivyer of simple flattencd eprthelinm  the ceils of which are united at their
edges by a cement substance (Low 1951) Between these cells here and there
smaller granular polygonal or typieal branched cells (septal cells) are found These
are the pericytes or macrophiges of the alycolar capiliaries  The eapillary walls
are common to adjacent alveoh  The macrophages or septal cclls greatls merease
n number and pass into the tlveol in inflammation or heart fulure
(6) The Clomernls of the hidney conarst of a tuft of capillaries covered by
visceral  epithelal cells closcly adherent to the eaprilary loops  Betwecn them 1s
the bascment membrane of the capiliary  These visceral epithelial cells are nchly
branched stainng with € olgt s sitver method (Zimmermann  1915-16) and according
to him 1dentical m character with the bashet or myo epithehial cells of glands They
stamn with both methylene blue and trypan blue (Tig 39) lhey apper to be
pericy tes (mncrophages)

Loose Connecfive Tissue

The macrophages 1n Joose connective tissue appear as irreguler star shaped or
round cells or as clongated granular cells having the charactersstics of fibroblasts
The vitally stammng cells seem to vary markedly 1n number m different sites and at

Iic O Bundleof el eswith Schy ann cells approachng @ number of £ tcell  Macro

phages peel off the tunil of xer o hbr 5 to surround th fat cllsin th  entre of the
Photograph  5tin I\ tally wth m thylene blue {x 00)
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different times When vital dyes are mjected mto the tissues vital stuming of
macrophages appenrs especially around and o e to epithelial and glandular
structures muscle fibres capillaries and nerve fibres (g 15) and 1s often confined
to thewe remons Dot mirequentiy the macrophages of the connective tissue appear
to peel off from the perievtes or from the penneural cells (Iig 20)  They ean often
be observed lving on rcticuln fibres with their processes appurently attached to
the latter In other cases for example i the loo e connective tissue of ovary or
uterine mucosa the macrophages appear almost to replace the Schwann cells and
the unmyelinated fibres to be apphed to them (F1, 10)

The omentum and serons membrancs conaist of loose connective tissne composed
of collagenous fibres and fat covered by a layer of mesotheltum lying on a hasement
membrane In the connectns o tissue below the latter methylene blue stuning shows
long rows of macrophages lying between collagen fibres and al o blood vessels and
unmyehnated nere fibres  The macrophages may be collected toether as dense
masses or milky spots

Collagenous Connective Tissue

Between the fibres of colla.enous connective tissue n addition to the fibroblasts
can be setn cells wlach stam vitally with both methylene blue and trypan blue
Thev have vanous shapes often spindle shapcd and having the typieal appearance
of fibroblasts often with branched processes fornting & syncytium or rounded off
They are frequently found s lon,, rows of cells the proces cs of which seem con
tinuous  In places they are seen to be continuous with the pericytes of the capal
laries  The macrophages art distinet from the fibroblasts between which they he
Fine unmy ehinated nerve fibres can be seen mn places running hetween the collagen
fibres 1n relation to these macrophages

Tendon

In this tissue the appearinces are the same as those observed 1n collagenous
connective tiasue or aponeuro s Cells lym,, between the collagen fibres correspond
to those known as tendon corpuscles usually considered as fibroblasts They are
compressed mto various shapes by the surrounding fibres Some of thewe stain
vitally appear continuous by their processes with one another and ean be seen to
be denved from and continuous with the pericytes of the cipillares (Fig 21) Un
myehnated nerve fibres can be ohserved mn relation to the capillames and also
running between the colligen fibres in the proximuty of the tendon corpuscles At
the junction of the tendon with muscle the reticulin and colla_en fibres become
continuous with the sarcolemma of the muscle fibres and the vitally staiam,, cor
puscle syneytium with similar cells Iying esery where between the muscle ibres and
on the sarcolemma (see below)

Fat

Normal fat conwists of fat cells bound together by reticulm fibres nto lobules
Fachindividual fat cell 1s completely surrounded by a reticulin cov ermg Thelobules
are held together and divided from one another by septa consisting of fibroblasts
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and reticuln and collagen fibres  In these septa lte blood sessels and capillaries
and fibroblasts branch off to run m the reticulin framework dividing the fat cells
from one another By xital staiming with either methylene blue or trypan blue
there can be observed numerous macrophages formmg a syneytium Iving on the
reticuln framework (Tigs & 6 22) They may be round spindle shaped or steliate
or wrap round the fat cells In some sections 1t can be seen that these macrophages
are an fact continuous with the perrevtcs of the capillanes In the connective
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Frr .1 Vatally staned ten lon showng uptake of dye by some ten Jon corpuscles
(Methy lene Flue > 200)

tissue septa between the lobules can be seen macrophages continuous with those
between the fat cells and also Jarger blood vessels with accompanymg nerse fibres
Unmyehnated nerse fibres accompinied by blood vessels mas also be obeerved
runming in these septa m close relationship to the macrophages Very fine nerve
fibres are present along the capllaries and lymg between mdividual fat cells
(F1gs 5 22,

Maximoyv (1927} also describes and portravs vitally staming resting wanderm,
cells around and 1n close relationship to fat cells These cells are those desertbed
as interstitial cells by Boehe The tvpical retieulo histiocy tio structure of fat was
shown by Volterra (1921-23) Wassermann (1026) Dogliotts (192%) Goldner (1?36)
Hett (1938) ind Alowsi (1939)  Rure ef al (1937) de cribes the termmation of un
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myelinated fibres in relation to subcutaneous fat cells Unmy elinated fibres were
also demonstrated 1 the vicimty of these mterstitial cells m adipose tissue by Boehe
(193940}

Meninges

The dura mater consists essentially of collagenous connectine tissue and stains
Like that elsewhere The macrophages likewse occur pervascularly but are
espectally obvious at the points of exit of the peripheral nerves  On the surface of
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Fre “orm | fat shaw ng fine be ded unmyelmated fervs i res Iy n between fat cell
M thylens blue x 200)

this membrane there 1s found a thin layer of loose connective tissue contarmng

1l of ph and fibrobl with those between the
collagen fibres proper Unmyelinated nerve fibres are found as in other collagenous
connective tissue

Cappell (1929) also found that the dura d many ph pecially
penva.scularly and at the ponts of eut of the peripheral nerves

The pi hnod 18 P 1y of loose e tissue formed of
mterlacmg reticulin and some coll fibres and blood

vessels of various sizes Fat cells may also be present \Iacmphages are especially
numerous around the pial blood vessels The mesothelial cells covering the surface
of the pia arachnord also take up nital dves to some extent Numerous unmyelinated
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nerve fibres are found espeaally jenvasenlarly but also i the connective tiesue
steelf

Cappell (1929) describes simular findings  Woollard (1923-24) showed that in
conditions of 1mitation 1 the presence of particulnte foreign matter the arachnoid
mesothehl cells become mobilized 1n the form of free mncrophages and react i a
characteristic manuer with vital dves

The choroud plexus consists of a lver of pia arachnoid covered by an emthelum
dernved from the ependymal cells hming the ventricles  Very numerous macrophages
and a hewv) concentration of reticulin Ites beneath the eprthelium (see Franceschin
1945)

Striped Muscle

Striped musele 1s formed of parailel muscle fibres held together by connective
tissue  The arrangement 1n muscle 1s similar to that mn tendon  Here as wath the
collagen bundles i tendon the muscle fibres combne to form primary bundles and
several of these to form secondary bundles ind these agun nto tertiary bundles

howing mn rophages lymng m
t A mu cle vitally stamed with methylene blue sl
Fre re:{nilsn 'KI:( sarcolemma aid contmuous with pe s ytes of c&{u)ﬂune! Unmyehn ted

nerve fibr ¢ puss n close prox muty to th m3 rophag {x 4
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ete The lavers of interstitial connectin e tissue at the periphery of the muscles the
epimyvsium  project nto the spices between the bundles of muscular fibres as the
penmystum  Tlus consists of irregularly arranged collagenous retieulin and elastic
fibres and many vareties of connective tiscue cells meluding fat The perinysium
sends thin layers between the smaller bundles and between sepirate muscle fibres
as the endomysium  As 1n smooth muscle this const ts of thun reticuhn networks
which form eapsules for tho fibres  The endomysium al 0 contains connective tissue
cells whieh play an mmpertant role 1 mflammation (Maaimoy and Bloom) and
numerous capillaries around the indo idual musele fibres  Immedintely surround
m,, the muscle fibres 15 the sircolemma a structureless transparent reticulin
membrane completels mesting the fibres and comparable with a basement
membrane

Txperimentally 1t was found {as other obsersers have done) that muscle fibres
do not take up vital dyes or methslene blue unless damaged  The fibres are sur
rounded by a reticulin membrane on which are found rows of macrophages stainmmg
with both methylene blue and trypan blue (F1g 23) The muscle fibres are completely
encircled by these cells which aro joined together by their processes In places
they are seen to be contimuous with the pericytes of the capillartes  Where muscle
13 attached to tendon or ap these phaes become continuous with
simlar cells between the collngen fibres of the latter (tendon corpuscles) Between
the muscle fibres and 1n close relationship with the vitally staining macrophages
are found unmy elinated nerve fibres a< in tendon

Volterra {1927) noted the presence of macrophages 1n relation to the sarcolemma
Cappell (1929) also describes them n the connective tissue between muscle fibres
closely applied to the capillary walls n some places and 1n others formin,, an almost
continuous chun of cells between the muscle fibres and around large vessels and
nerves Where connective tissue 13 more abundant the cells were also more
numerous so called adventitial cells or myocytes  Jaffe (1935) Maximov and
Bloom (1852} and Irinceschim (1055) also mention the occurrence of macrophages
Iying between muscle fibres on the reticulin network  Boeke describes the<e cells
but as interstitial cells The presence of numerous unmyelintted nerve fibres some
of posterior nerve root origm with free nerve endin,s between strrated muscle fibres
has been frequently demonstrated for example by Feindel Weddell and Sinclar
(1948) and by Boeke

‘Where a muscle 15 attached to a tendon there 1s a close union of the muscle fibres
with the colligenous bundles of the tendon The collagenous bundles of the pent
mysum pass directly 1nto those of the tendon and the sarcolemma likewise fuses
with the ends of the collagenous bundles

Cardiac Muscle

The structure of cardiac muscle 13 the same as that of striped muscle 1n respect of
its macrophages  All muscle and conducting fibres are surrounded by a cov ering
of macrophages denved from pericytes (Figs 8 9) Nerve fibres were found n close
relationship to the macrophages but did not appear to end on the muscle fibres
In the endocardium and pencardmm the picture 1 that of loose connective tissue
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nerve fibres are found especnlly pensascularly but also n the connective tissue
atself

Cappell (1929) describes sinular findings  Woollred (1923-24) showed that m
conditions of irritation m the prescoce of particulate foreign matter the arnehnod
mesothelal cells become mobiized 1n the form of free macrophtges and retet m a
characteristic manner with vital dyes

The choroud plexus consists of o nycr of pra arachnord covered by an epithelum
@ern ed from the ependvmal cells inm,, the ventricles  Very numerous macrophages
and a heavv concentration of reticulin ltes beneath the epitheltam (sec I rancesehin
1905)

Striped Muscle

Striped muscle 1s formed of parallel muscle fibres held together by connective
tissue  Lhe arringement in musele 1s aimilar to that m tendon  Here as with the
collagen bundles m tendon the muscle fibres combine to form primary bundles and
several of these to form secondary bundles and these agam into tertiary bundles
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Tie 23 Stuped musele vitally sta nel with met) ylene blue showing mncmp}iyﬂngrg yung

tes of capillaries
relation to sarcolemma and ontzuous w th pericy!
nerve fibres pasan lo 6 prosimuty to ¢} e macrephiges {~ A0U)
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devour bacterta  They aro demonstrable with silv er impregnation like other reticulo
endothelint celts  The contamed hpnd droplets are dissolsed out 1n paraflin (henee
Cutter or lattice cells or compound grinulir corpuscles) They oceur pernvascularly
as penicyvtes and similar cells are seen in the adventitia of larger arterzal vessels and
as perineural sitellites and form part of the ghal reticulum  They lie in relation
to the ghal fibres which support the nenral elements  Lhe cells do not stam with
acud collowd! dyes m the resting state but do so after stimulation or mjury  lor
this reason acid colloidal dyes myjeeted mtravenously do not stan the bramn unless
1t hes been tnjured  In many pathologieal processes for cxample trauma infection
or hemorrhages the microghal cells retract their processes and the nucleus becomes
elongated or rod shaped (rod cells) and 13 found thus in many chronte degenerative
conditions of the central nervous system They take up debns and may form
multmucleated gant eells

W hen methylene blue 1s injected directly mnto central nervous tissue stainin, of
macrophages lving between the fibres and around the nerve cells1s observed  They
are seen clustered around the capiflanies from which they seem to diverge to pass
between the fibres a3 parallel rows and to he around the ganghon cells  In addition
plentiful unmyelimated fibres are also stained as they lie between the myelmated
fibres and obyiously they are in close relation to the numerous microghal cells  The
icture elosely resembles that found in striped or ea=diac musele

The Eye

A deseniption of vitally staiming structures in the eve 13 given by Moraud (1934)
The perievies of the choroid were studicd by Wolter (1906) The connective tissue
coverings of the optic nerve are continuous with the meninges and consist of collagen
and retienhin fibres accompanied by numerous macrophages In the cibary body
agam \ery numerous macrophages are present espeaslly perivascularly s pericytes
In the ims which 18 largely of mesenchymal ori i there 13 abundant reticular
tissue pigment cells and again numerous macrophages especially penvascularly
The sclera and episclera which are connectine tiwue structures are composed of
collagen and retienhn fibres and macrophages are everywhere present In the
choroid reticular fibres and macrophages are also found throughout all the lavers
mcluding that just below the pigment layers of the retina  The choroid 18 divided
from the sclera by the supra chorord layer a loose pigmented tissue i which the
melanoblasts are situated  Throughout thits tissue reticuhn fibres fibroblasts and
numerous macrophages contanung pigment are present

The retina and optic nerve which are of neural ort_in contain microghal cells
which behase as do those 1n the central ners ous system

The cornea 13 of emdermal omgin and consists of fibrous connective tissue con
tinuous laterally with the sclera It 19 composed of regular lamnz of fibres between
whach lies 2 network of flattened cells (corneal corpuscles) branched and untted by
their processes The corneal corpuscles store dyes m vitally stamned new born
ammals (Maximov and Bloom 19.2) Vhen the cornea 1s mflamed the corpuscles
become mobile and actively phagocytic  According to Mavimoy and Lloom nerves
Ppass mto the cornea and form a plexus  the fibres of which become lost 1n the corneal

Tr N
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A laver of macrophages lies on the bisement membrane below the covering endothelial
cells Nerves blood vessels and fat cells are also present m this situation

Cappell (1929) and others (see Jaffe 1938) also descmbe macrophages lymg
between cardiac muscle fibres the picture being stmlar to that of striped muscle
They have been termed mjyocytes Mitchell (1956) reports  nterstitial * cells
as Jving between the muscle fibres and related to the nerse fibres  Collections of
macrophages have also been described Iving immediatels beneath the endocardial
liming cells of both valves and heart chambers and the surface of the pericardium
(Pfohl 1029 1931)

There 15 no general agreement regarding the termnal distribution of nerves to
the cardrac mustle fibres (sce huntz 1953  tchell 19,6) Al workers deseribe
a subepieardral plexus from which fibres anse to penetrate and ramufy throughout
the myocardium forming a loose meshwork between fascicles of muscle cells and
espeeally around conducting fibres  Some have described them as ending on the
myoecardinl cells others have dented this and considered the fibres as affecting the
conducting fibres though the mode of ending1s unknown  In3iew of this uncert unty
and my own observations 1t may well be that they end freely in the connective tissue
1n relation to the macrophages as they do n striped muscle

Smooth Muscle Fibres

In the wall of the gut uterus and bladder the bundles of smooth muscle fibres
are surrounded by conneetive tissue containing macrophages The reticulin fibres
and capiilanes of the connective tissue continue mto the spaces between the ind:
vidual muscle fibres and surround each with reticulin and cells which stam vitally
both with methylene biue and trypan blue and which are thus macrophages (Fig
55) They are often compressed and elongated to a spindle shape like fibroblasts
or hate a stellate or other form  They are continnous by therr processes to form a
syncytum  These cells correspond ta the nterstitial  cells of Cajal intercalars
or Jsolliker cells Unmvelmated nerve fibres are i close relatronship to the cells
In the media of small arteries the muscle fibres re betw een elongated vitally starmng
cells arranged circumferentially around the vessel as the adventitial cells
close relationship to unmyelnated fibres (F1ig 19) In the prlomotor muscles of the
shan similar sitally staimng elongated cells are seen between the muscle fibres

The Central Nervous System

The central ner ous sy stem conssts of nerve cells and their dendnites and axons
1ying 1n the neurogha which acts as a supporting and nutntive medium and contains
three types of cell astrocytes oligodendrocytes and microghal cells

Aicroghal cells are found throughout the nervous system  Similar cells are found
1n the optic nerves and retina  They have been given various names such as com
pound granular corpuscles Gitter or lattice cells foam cells lipophages ete
They are seen as smul angular and srregular shaped supporting cells with numerous
branching processes formung a syneytium  Flat cells resembling endothelium and
lamellar forms 1n the narrow nterstices between the surfaces of nerve fibres are also
seen They store hpid substances cellular debrts 1ron pigment dses etc and also
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Epthela

With all epithelia satisfactory staimng with methylene blue 13 difficult to obtain
owng to rapid decolourization A solution of 0 06%, of methylene blee and hy drogen
peroide gives the best results

(@) Respiratory epithelium of trachea bronchi and bronchioles

The epithelial cells Lie on a basement membrane composed of reticulin 1 which
can be observed numerous macrophages Other macrophages he in the submucosal
connective tissue  Vital dyes tend to condense on and stam the basement memhmne
Between the epithelial cells and with one process hed to the
are found numerous vitally staiming thin elongated cells Iying perpendicular to the
membrane and dividing the epithelial cells from one another Some of these cells
appear to have rounded off and to have passed on to the surface of the mucoss or
are1n proce 3 of domg so  Numerous fine unmj elinated nerve fibres can be observed
lying below and m the basement membrane and running between the epithelial
cells but they do not appear to end 1n these (Fig 25) The bronchial glands stam
like other glands aa described below (Fr, 2€)

Lubarsch (1921) described the occurrence of macrophages 1n the loose connective

—
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cells wlich appear to replace the Schwann cells  Weddell and Zander (1950) and
Zander and Weddell (1951) using vital methyleno blue staming found that nerve
axons entered the corner and conrsed as networks betwecn the corneal fibres of the
substantia propria and along the surface of the cvtoplasm of a longitudinal series of
Schwann cells continuous by their processes with neighbouning cells Stmple 1xons
levve these bundles and networks and proceed without Schwann cells for fome
hstances 15 free bended nerve endimgs  Some of these end between the cells of the
corneal epithelium and others 1 relation to the corneal corpuscles wluch seem to
take the place of the Schwann cells  The<e nerie fibres are of course posterior or
trigeminal sensory root in origin  Thus the corneal corpuscles are macrophages
formmng a syney tium and appear to take the place of Schwnn cells m the perspheral
nerves  Nerve fibres pass into relationship with the constituents of the syncy tium
Zander and Weddell add that the plexiform arrangement of nerve fibres in the
cornea suggests that the fibres perform other functions than subservin,, sensation
for example that of noctfensor nerves

Synovial Membranes

These consist of a Inyer of synovial ining cells lying on a collagenous connective
trssue contanmng fat  Macrophages are found throughout these structures and
especially below the layer of secreting svnovial cells next to the Joint cavity (see also
Rynearson 1931) Unmvehnated nerves accompany biood vessels and end mn 2
termnal arbonzation in the layers beneath the surface mesothelum 1n close relation
ship to the macrophages (Maximoyv and Bloom 1952) In the prohferated and
edematous synovial fringes of cases of arthritis the whole centril core within the
Iining synovial cells consists of very numerous macrophages on retrculin fibres (see
Franceschin 1955)

Periosteum and Perschondrium

These were examned 1 the long bones of mice stained vitally with methylene
blwe and trypan blue and mn the perichondrrum of the bronehual cartilages in human
materal obtained from pul y lobectomy and onmy sy
The membranes were similar 1 structure nd consisted essentrally of an external
layer of vitally staming macrophages of various shapes some looking like fibroblasts
jomed by their processes to form a syneytium and with unmvelinated nerve fibres
runmng 1n close relationship  These celis Isy on and among retrculin and collagen
fibres and fibroblasts Deep to these were non stumng chondroblasts or osteo
blasts Iying on the surface of the cartilage or hone respectively (Fig 24)

The endosteum lmng the cavity of the bone marrow 18 Iike the pertosteum
composed of retseulin and collagen fibres fibroblasts and also numerous macrophages
Cappell (1929) also found vatally staining cells m the endosteumn He also describes
the presence of free macrophages 1 close apposition to the bony lamelle 1n the
developmg bone of voung ammals  Many of the unmyelmated nerie fibres of tho
periosteum are of posterior nerve root origin and conduct 1mpul es giing rse to

diffuse compelling pamn
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tussue of the respiratory mucosa and their siturtion yust below the epithelinm and
perisascularly  Mlacrophages are frequently scen in or traverang this epithelium
according to I ranceschim (1900)  Strelm (1929) also records the existence of special
eells with phagoeytic properties and eapable of amecboid movement Jung m the
epithelum  Teyrter (1943} deseribes typical Hellen Zellen lying on the basement
membranc of this epithelium with their processes between the epithelal eell Al
these cells correspond with those ob erved i my own preparations

Tuntz (1903) states that & small subepithelnl nerse plexus 13 found 1n the
trachen and bronchus  “erve fibres arc found below and in the bronehial epithelium
andn that of theno ¢ Vlany of these aro of visceral sen ory that 1s posterior nerve
root origin Buchner (1944) and Frohlhch (1949) showed the relationstup of the clear

Infl med bladd £ mu oea eupras ¢ lly stamed with met] ylene blue showing macro
ph ges in hasement memt rane snd lymg perpend cular to th s between epith lal ¢ ls
Beaded unmy | nated ne yve fib es ar also present tetween the ep thelalcell  (x 001)

Helten Zellen cells to terminal neurofibnls which they thought ended in the cells
In the respiratory epithellum of the nose nasal sinuses and Eustachian tube
typical Hellen Zellen (macrophages) are found lying on the basement membrine
below the epithehal cells (Fevrter 1903) They are al-o seen 1n the epithelal cover
g and nterstitial tissue of nasal polyps

(b) Transironal epithelium of the pelirs of the kidney ureter bladder and urethra

The macrophage distribution 1n the mucosa of the bladder urethra ureter and
pelvis of the hidney 1s simular to that in the b hial mucosa A of
macrophages 1s found 1n the b L and thin el vitally staming
cells perpendicular to and fied to the basement membrane are ob erved Iying
between the epsthelial cells Some of these appear to have rounded off and to be
passing on to the mucosal surface  Unmyelinated nerve fibres run parallel to and
ramify i the basement membrane and pass up between the eprthelial cells They do
not appear to end 1n these cells but hie freely between them (Fig 27)
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are obtaned with trypan blue indicating, their macrophago nature  These correspond
tothe interstitial cells The cells often show a vacuolated appearance and m the
small intestine appear to contamn fat droplets In the connective tissue of the villy
are found capllames surrounded by macrophages and unmyelinated nerve fibres
from the submucous plexus form a plexus completely surroundin,, the villt and lying
1n closo relationship to the macrophage syncytium of the basement membrane and
between 1t and the penicytes of the capdlanes  With erther stain there may occur
staming of elongated macrophage cells Iying between the epithelial cells with therr
long axes at nght angles to the L t \ The a or hult
schitzhy cells do not stan vitally
Macrophages lymg between the mtestinal epithelial cells were deseribed by

Amstemn (1867) Schafer (188s) Clark and Clark (1916-17) and Leach (1938}
Some migrate mto the lumen of the gut Others occur below the epithelial cells
around and hning the walls of the lacteals and m the cells of Vessner s plexus (see
Leach 1938) Macrophages lying immediately beneath the basement membrane
are deseribed by Schaffer (1927) and portrayed by Maximoy (1927) These take up
pigment 1n cases of melanosis of the mntestine  Cappell (1929) also reports the
‘presence of vitally staining cells i the connective tissue and submucosa 1n the stroma
of the mucoss and villi and 1n lymph follicles  Cajal Boeke and others have of
course deseribed mterstitinl  cells lying m the submucosa the macrophage
nature of which has been shown According to Spoerrt (1947) the processes of the

nterstitial  cells of Cajal make direct contact with the gastric epithehal cells of
all types mcluding both the glandular and surface epithelum  Franceschini (1955)
regards the argentaffin cells 1s macrophage 1n nature but they do not appear to
stamn vitally and their function as neuro secretory cells has recently been elucidated
A subepithelinl nerve plexus has al o been described by Hull (1927) and Waddell
(1929) It ramufies in the basement membrane and between epithelial cells

(d) Uterine eprihelium

The results of vital staxang vary to some extent with the age of the subject and
the phase in the human menstrual ¢y cle at which the spectmen 1s obtained  Inspect
mens taben midway between the menstruil periods very numerous macrophages
are found i the connective tissue of the whole mucosa In the emthelium itself

) lie 1 the b | and form a syncytium while others
are found lying perpendicular to the membrane between the epithelial cells Thev
are found d d around the capillares and the 1 L of the

glands as they dip downwards  In the latter situation as seen 1n cross section they
appear as a svneytial collar around the tubular glands Other macrophages ke
p dicular to the t between the gland cells Unmyelmated
nerve fibres can be found m the deeper layers of the mueosa lying closely apphed
to the macrophages on the basement membrane (Fig 29) Durnng the reparatrie
stage of the menstrual cvcle large numbers of macrophages can be made out in the
denuded part of the mucosa In the senile uterus the glands are largely atrophic
and the mucous membrane thinned Many fewer macrophages are demonstrable
m the connective tissue They are scattered throughout the tissue however
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These sxme mncrophage celis were also descibed by Feyrter (1803) as Hellen
Zellen, occurring in 1 arous shapes—three comered flash ihe round or pnsmatic
with fine grinules and 3acuoles and gring the typical stumng of thee cells
Sinular eells are seen n the submucoss  According to Fevrter and as one would
expect with macrophages the Hellen Zellen i the bladder mucosa are particularly
promwnent m cistitts  Hellen Zellen Iy ng in the submucoss also vary mn number
with the degree of inflammation  In the bladder nerse terminitions in the muco-a
and submucosa were described by Langworthy and Murphy (1939) Tibres penetrate
the epithelium and Iie between the cells asvaricositries  These fibres are of  sensory
nature that 15 of postertor nerve root ongin

(¢} Gastro intestinal eprtheliun

The epitheltum of the gut from stomach to rectum consists of columnar cells
Iying on a basement membrine It 1s of course marhedls folded to form the wili
and glands  When using a suprautal staun for the mucosa it 1s essential to wipe
away all mucus 1n order to stop the dyes from being taken up by the mucus and thus
preventing vital stammg  Injections are made immediately beneath the epitbelram
Using, 0 06%, methslene blue solutions the preparations show a concentration m
the basement membrane of the mucosa n which lies 1 synevtrm of vitally starning
cells completely surrounding the erypts and acim (Fig 25)  Sumlar appesrances
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epaved animals  There 13 an enormous increase mn the numbers stammn,_ as a result
of ad ration of sex h {Hofbaver 1926 Fluhman 1928 1932  sce
Jaffe 193) The macrophages of the unstnped mu cle lavers of the uterus re<emble
those of the gut etc

Lrown and Hireeh (1941) 1n the immature human uterus showed an mtncate
unmtelnated nerve plexus 1n the Jamina propna and fibres 1n relation to the
uterine epithehum  In the adult some obzers ers have traced nerves into the mucosa
and m relation to the epithelium  In view of the prolon.ed degenerative and
regeneratne changes occurnng the ewstence of nerve fibres termmnating in the
epithelizm must be con 1dered doubtful  State and Hirsch (1941) observed nerves
throughout the basal one third of the endometrium related to artene« but also
some ending freels 1n the stroma  There was no evidence of their ending in relation
to epithelial cells (huntz 1%3)  The mode of endmy of utenne muco-al nerves does
not seem to be hnown definutely (Maximoy and Bloom 19,_)

Thus 1n the immature and senile uterus macrophages are found between the
epithelial and gland cells and 1n the ba ement membranes Unmvehnated nerve
fibres are 1 cloe relation. hip to the cells in the submuco<a and ramufy 1n relation
to the basement membranes During the menstrual changes many macrophages
are found 1n all lavers of the mucosa but the existence of nerse fibres in the more
superficial Javers 15 doubtful

Exocrine Glands

Lemn,, vital methivlene blue stainin. 1n exoenne glands 1ncluding the breast
sweat salnary sebaceous pancreas and prostate the bronchial glands and their
ducts and alvo m the testis and epididvmis and its ducts and the seminal vecicles
the results are similar (Figs 1 2 3 4 29-35) Surrounding and Iving mn or on the
reticulin basement membrane of the acint or ducts 1s found a collection of vitally
staining cells having a stellate appearance and apparentls joined by therr processes
These completels surround the acini forming an open networh  Using trvpan blue
stamung the game synevtium of cells can be observed to take up the dye A mmular
svneytium surrounds the tubules of the testis and the ducts of the epididvius
(Figs 33-31) The glands of the uterine mucosa are also wreathed by macrophages
lving mn the basement membrane (Fiz 29) As with epithela macrophages are
obeerved lving on the basement membrane and projecting towards the lumen of the
aan between the acinar cells  YWith methylene preparations the acii ean be seen
to be surrounded by unmjyelmated fibres with attached Schwann cells  They
formed a close network around the acim and came into close relationship with the
basement membrane of the acim and ducts but on no occasion m examimng hundreds
of sections were the nerve fibres ob erved to end in the macrophage syncytum
though they coursed i very close relationship to this  Qften processes of the
branched cells were stretched out towards the nerve fibres Thev were however
always divided by a small but defimite space from them Surrounding the acim
are also observed capllaries accompamed by penicytes staming witally In the

mterstitial tiseues nerves are found around the blood vessels In many caes
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especially around the eapillaries as penieytes  They are also found m the basement
membrane of the surfnce epthelium and that of the glwnds and betwcen the epithehal
and gland cells  Unms elmated nerve fibres aze now found profusion throughou*
the mucosa somc Iyng m or near the basement membrane of the surface epithelium
and glands and others 1n close relationslup or applied to those mn the connective
tissue where the macrophages seem to serve as Schwann cells for the fibres

Many workers have reported that in the uterus Fallopran tube and vagina
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Fi6 @ Utenne glands in deeper pact of mucose vitally stamed with methylene blue showing
macrophage sgyncytlum ]y:rl‘ng in b, ement membrane and beaded fine unmyehnated ner e
fibres comuing  nto relationship with macsophages {x ~00)

macrophages are present throughout the various Jayers They are found especially
around the blood vessels Cappell found numerous macrophages mn the deeper lay ers
of the endometrium  Typical Hellen Zellen are reported on the basement membrane
of the surface epithehum and in the <cim of the glands (Feyrter 1943) Durning
pregnancy the number of functiomng, macrophages appears to increase em:»rmous]\f
m all layers of the uterns and Fallopian tubes ind also m the lateral igaments of

the uterns They perst for a long time after partuntion  They also increase s a
result of aseptic inflammation produced by varmous means such as )ocal}ftlmtuhatmnf
They are difheult to show and are reported as practically absent in the uterus o



Tic 3  Trostat am lowng ma rophage vacytm surround ng th m and fine un
rmyel nated n ve fibres comng nto ¢l se e tion hp  (Methylene Hue X 00)

Tro 33 Tutul oft tssurrounded by ma phag syn ytum sh wing nerve fibr sin lo
el tonhp (Methylenobl ~x 00)
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F1o 30 Tangentsal section of large setnus of treast vitally stauned with trypan blae showing
macrophages with fine processes comtng into contact with t) eir neighbours and forming a
syneytium  { ~ 400 ) A simitar syneytiam 1s found around all exoerme glan 1 acing

1 Wall of acinus of & el ceous gl ni et lly staned wth t ypin Hue show ng
rie s:;!mcynum of nterstital  ells nd ! ating thesr macroph ge nature (X 400)
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enormous numbers of vers fine unms elinated nervo fibres can be seen 1n relation to
the macrophages of the connective tissue for example 1n the prostate
The occurrence of vitally staming cells i the bisement membrane of glands 13
mennoned m ]vmmg by Schaffer (19_‘7) VMaximoy (1927) also remarhs on the
around tho 1 t membrane and between the acim
(the 80 ca]lcd Zw hchemcllcn) of the salnary glands  Volterra (1927) reports the
existence of flattened or elongated macrophages mn all basement membranes
Franceschini (1929} remarhs on their y m the L 1 of the
choroid plexus  According to Cappell (1929) m the nteracinous tiscue of the
pancreas and salnary glands macrophages are found closely applied to the base
ment membrane of the acmr and their processes extend between neyghbouring acim
They ho between the capillary endothelum and gland cells The occurrence of
macrophages around blood vessels and below the basement membrane of the test:
cular tubules was described by Steve (1930) The syneytm of vitally starung
cells around the acint and ducts correspond in their mtuation general appearance
and phagoeytic properties and general characteristics with the interstitial  cells
of Cajal  those between the gland cells with the myo epithelial or bashet cells
Hellen Zellen were descnibed n the same situation 1n salivary sebaceous sweat
mammary prostatic and pancreatic glinds and m the ductus epididymis and
semunal vesicles by Feyrter (1953)

It has been shown that in the mucos® of the respiratory and unnary trret the
uterus and the gut and in all exoerine glinds there are demonstrable macrophages
lying n the basement membrane but also lying between the epithelal cells
perpendicular and anchored to the basement membrane Some of these cells may
become detached and pass mto the lumen of the orgwn especially during inflamma
tion  On all epithelial surfaces and 1n all glandular acim and ducts such macrophages
are often described as t: g the epithel for example 1n the broneht tonsillar
epithellum semimiferous tubules epiderrms gut breast sebaceous salnary and
lachrymal lands and the epithelium of the choro:d plexus This phenomenon 1s
known as  histiocy tic assistance of the epitheha  and 13 thought to be concerned
with epithehial or gland cell activitv in some way (see Franceschmn 1955} The
cells however are not trayersing the epitheha but are fived macrophage elements
with therr busal processes on the basement membrane from which they _may
become detached The temporary t hehal of
may be seen m the ducts of mammary glands after injection of thorotrast mto the
duets (Osselladore 1937) of pyrrol blue into the ducts of saliv ary glands (Staudacher
Dalle Aste and Bellmazzo 1947) or of contaet of Chinese mh with tonsillar epithe
hum (Tadlens 1944)  After migration to the surface of the tonsil or lumen of the
ducts the macrophages filled w 1h the foreign substance retraverse the epithelum and
return to the orgmal site 1n the basement membrane or outside the excretory duct
The same phenomena are observable 1 the absorption of fat by the small mtestine
(Leach 1038)

The question of the relationship of nerve fibres to the gland cells and the cells
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¥10 34 Tubule of testis Ahowing vit1lly staining macrophages lyng in the ba ement mem
brane and between the Seriol eells  (Methylene blue x 400) Unmyel nated nerve
fil rea come into closo relatiopship with the former

" 1 of sweat gland vitally staned ith methylens blue show ng macrort nges
HIe e onent. 1 ibrane And beaded wimyehnated fib & 1 closo relationst p

(% 400)
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to the comparatinely poor diffeaibility of the former The cclls are 1denticnl with
the cells of Langerhans of the upper lavers and the  clear  cells of Masson of the
asal lnyers of the epdermis as desenbed above  Unmyelinated fibres aecompanied
by Schwann cells run up from the dermis and then parallel with the basement
membrane for a short distance Thes then pass upwards between the epidermal
cells In some ca e they scem to have Sehwann cells attached even within the
eprdermus where they come into close relationship with the processes of the cells of
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Fro 36 Skin atallysta ned w thmethvlens blue showing tally sta ning lear and Lang hans
cell nth riderm g with fino unmy | nated nerve fib es ly ng nclose elit onship to th ir
pro sses

the vitally staimmn,, syneytium  Sometimes the fibres seem almost to eontinue
mto the processes of these cells These fibres are of course the slow conducting
unmyelinated C fibres of the posterior nerve roots In hair follicles the same
arran ement of unmyelinated nerve fibres  clear cells and cells of Langerhans
13 observable 1n the outer hair sheath (Figs 12 13)

The close relationship of Langerhans cells to nerve endings tn the epidermis has
been remarked on by bserver Tuding L h himself and Masson
In hair folicles Vieddell Palmer and Paillie (195.) found evidence 1n favour of
independent sets of stem axons and free nerve termmals stuited one withm the
other The outer set circled the har among the cells of the middle layer of the
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of epitheha 13 & much discussed problem which hae alrendy been touched on
Without entering the lists on one or other side 1n this controversy 1t may be stated
that m ail these glandular organs a plexus of nerve fibres dosely surrounds the
acimz and duets  According to Vaumoes and Bloom (1952) nerve fibres passing
to glands may form a plexus below and then penetrate and form a plexus above
the basement membrane  In regard to the seminal vesicles the existence of branches
Penetrating the basement membranes into the eprthelium 1s doubtful (Maximoy and
Bloom 1952 huntz 1953) huntz summanzes the present knowledge on the
mnersation of the salivary glands and breast  In the former the entering nerves
are closely associated with blood vessels and the ducts within the glands  Vost of
the nerve fibre bundles he m proximity to nterlobar and interlobudar ducts and
artenes  Pers 2lveolar plexuses are also found  Ner e fibres in relatron to mammary
gland cells have not presiously been demonstrated anatomucalls though fibres have
been shown to termmate m relation to blood vessels and smooth musele  Phvsio
logical data however indicate the ewistence of nervous control of the.e glands
The presence of penacinar plexuses was retdily demonstrated however m my own
preparations  Weddell Palmer and Pullie {1955) found that m sweat glands it 1s
difficult to demonstrate the ending of nerve fibres but some stem fibres grve rise
to profuse arborizations of fine axoplasmuc filaments which terminate freely m rela
tion to mjyo epitheln! cells others gne mse to a profusion of filaments which
terminate freely 1n and betw eent the secretorv cells of the glands

It appears therefore that m epitheha and glandular acii and therr ducts and
mn the testrs epididy mus and semnal vesicles a plexus of nerie fibres lies m close
relationship to the basement membranes On or in the latter hes a syncytinm of
cells starung vitally with methylene blue Janus green B and trypan blue and which
are demonstrable with reduced silver and gold methods of staiung,  These cells
appear to correspond to the interstittal cells  Simlar vitally starmng celly appear
attached to the basement membrane and project between the gland cells  They seem
1dentical with the bashet or myo epithelial cells and the Hellen Zellen of Feyrter
These cells are 1 fact macrophages Unmyelinated nerse fibres from which neuro
hormones may be hberated come into close relationship with these phagouytic cells

Epidermis

Vital staming with methy lene blue 1s best obtamed with 0 049, solutions njected
mmmedately beneath the epidermus  The loose tissue beneath the eprdernus contams
numerous macrophages Dve tends to concentrate on the reticulm of the basement
membiane and betw een mdividual cebls of the epidermis and the outer hair sheaths
I's majy represent an extenston of the reticalin between the epidermal cells  Between
the normal cells of the emd and present th h the epd: | layers are
found numerous cells stammng vitally with methylene blue trypan blue and Janus
green B (Figs 10 11 12 13 36) Sumilar cells are found lving in the basal layers of
the eprdermis  The cells usually have a steDate appearance with the processes of
neighbourng cells continuous or n close apposition to form a syncytium  In some
cases however the cells appear round or ovoid It 1s more difficult to stain the
cells with trypan blue or Janus green B solutions than with methylene blue owmng
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were found to take up both methy lene and trypan blue dves and are in fact macro
phages The evidenco points to the fact that the stellate reticulum 13 composed of
macrophages

Durnng the development of the tecth the formation of dentine depends on the
activity of the odontoblasts Vital staming of macrophages 1n relation to the
odontoblasts has been reported by many workers (see Lehner and Plenk)

The dental pulp consists of embryonie connective tissue with abundant gela
tinous basophil ground substance and collaenous and reticulin fibres It contains
numerous macrophages In the pulp a plexus of unmyelmated nerve fibres 1s found
with endings deseribed as Iying between and m the odontoblasts (huntz 1953)
The e are the unmyehnated posterior nerve or trigemmal sensory root fibres

In the fully formed teeth odontoblasts and b rematn ad,
dentine 1n the pulp cavity Vhen dentine 13 denuded or the outside of the tooth
imntated a production of new or secondary dentine may be observed on the wall of
the pulp cavity and may fillit  Odontoblasts play a role 1n the nutntion of dentine
Dentine 15 sensthive to touch to cold acd containing food ete  However only
occastonal nerve fibres penetrate the dentine and extend for short distances

In the teeth therefore the cells of the stellate reticulum of the enamel organ are
macrophages In the dentine and pulp the odontoblasts are accompamed by
macrophages near or :n which are unmyelinated ners e fibres of the pulp

Thyroid Gland

Around the acim of the gland a syncytium of vitally staiming stellate or ovord
cells 13 found lying in the basement membrane (Fig 37) The indrvidual cells are 1n
contact by means of their processes Sumular vitally staiming cells are found 1n the
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dermal coat and the mmer set onentated parallel to the harw shaft the axaplasmue
filaments lyng within the vitreous laver of the follicle among the cells of the outer
root sheath  They come mto close relrtionsiup with the Langerhans and clear cells
n tins situation

Buceal Mucosa

Usmng supratital methylene blue stamng the epithehum of the mouth 15 obsers ed
to contain syncytial cells of the same type as those observed m the eprdermis
Often however they appear more rounded Nerse fibres prerce the epithelm n
the same way as in the eprdermis

Masson also demonstrated the presence of such cells {Langerhans and clear cells)
1 the buceal mucosa  Boeke describes such cells as  mterstitial  cells and Feyrter
s Hellen Zellen 1n thus situation

Ear

Beneath the epithehal celis and Iying m the basement membrane of the nasal
eprthelium and 1ts extensions ke ty preal Hellen Zellen (Feyrter 1953) (For descnip
tions of the wital staining of the ear see Ienton 1932) Vacrophages are found
the submucosa of the rarddle ear and Eustachiwn tube especially pernvascularly
and mn the connective tissue strands around the ossicles about the intrinsic muscles
of the middle ear around the round or o1val windows and 1o the membrana ty mpana
espewally at the peripheries They are also scen in the perichondrium of the
Eustachtan tube

In the developmng eir macrophages occur as sub epithehal masses In aural
poly ps many macrophages are seen i the connective tissue especially around the
blood vessels

Teeth

The enamel organ develops fron the cells of the dental Januna & dow agrow th of
the prumtiie epthelivm of the mouth into the underlying tisswes This forms an
mvagmated inserted cup over the tooth papila the dental germ  The cells of the
enamel organ are at first round or polyhedral and become differentiited mnto an
outer cubic1l tvpe the external enamel eprthelrum and an mner stratum of columnar
cells or ameloblasts which form the enamel fibres and between these a network of
stellate reticular cells The latter are separated by fluid which contains muemn
and resembles 4 jelly  Thus stellate retrculum 1s also present in the growth derived
from the enamel organ the adamantinoma

Tor a reviewn of the vital staining of the teeth see Lehner and Plenk (1936) In
the enamel vital staining of certain cells has been reported frequentls using numerous
mtravital dyes including methvlene biue Lihe macrophages the cells are more
numerous i the neighbourhood of canes or of copper amalgam fillings that 19 i
areas of inflammation  According to Zimmermann (19.7) the cells of the stellate
reticulum of the enamel which are divided from one another by the adsorbed flmd
stawn m the same way as the myo epithelioid cells and the pericvte cells of the hidney
glomeruli that 15 with chromre acid <alts and thus appear to be macrophages As
w1l be scen nter the hamologous cells of this stellate reticulum i adamantinomata
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were found to take up both methylene and try pan blue dves and are 1n fact macro
phages The evidenco points to the fact that the stellate reticulum 1s composed of
macrophages

During the development of the teeth the formation of dentine depends on the
activity of the odontoblasts Vital starming of macrophages in relation to the
odontoblasts has been reported by many workers (sco Lehner and Plenk)

The dental pulp consists of embryomic connective tissue with abundant gela
tinous basophil ground sul and coll and hin fibres It cont
numerous macrophages In the pulp a plexus of unmjyelinated nerve fibres 1s found
with endings described as lymg between and 1n the odontoblasts (huntz 1943}
These are the unmyehnated posterior nerve or trigemmal sensory root fibres

In the fully formed teeth odontoblasts and ph remam ady t to
dentmne 1 the pulp cavity  When dentine 13 denuded or the outside of the tooth
intated a production of new or secondary dentine may be observed on the wall of
the pulp cavity and maj fillit  Odontoblasts play a role in the nutrition of dentine
Dentine 1s sensttive to touch to cold acd contmming food etc However only
occasional nerve fibres penetrate the dentine and extend for short distances

In the teeth therefore the cells of the stellate reticulum of the enamel organ are
macrophages In the dentine and pulp the odontoblasts are accompanted by
macrophages near or in which are unmyelinated nerve fibres of the pulp

Thyroid Gland

Around the acim of the gland a syncytium of sitally staining stellate or ovord
cells 1s found lying 1n the basement membrane (Fig 37) The individual cells are in
contact by means of thetr processes Similar vitally staming cells are found tn the
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intcracmar connectne tissue spaces  Unmyelinated nerve fibres with attached
Schwann cells can be seen to pass in close relationship to the macrophage syncytm
i the basement membrane m some sections Numerous unmyelinated fibres can
he observed around the blood yessels in the interieinar spaces  Using try pan blue
the same vitally stainmg cells can be seen to be continuous with one another and with
the periey tes of the eapillaries surrounding the acim

Mctachromatically staining macrophages have been deseribed 1n the mterstitial
tissue of the thyiomd gland by other workers (see Bargmann 1939)  Willimson and
TPearce (1926) deseribed these cells as hihe. hupffer cells and as being large and stellate
often with basophil and argy rophil granules Jimg between the follicles and with the
processes of adjoynng cells umted to form a network  They were in close relation
ship with the basement membrane of the follicles and might indent ther eontour
Their stanng seemed to vary with the actiats of the gland  Cappell s3vs mrero
phages are found around acint apparently between the blood capillaries and acinar
cells bemg sometimes closely apphed to the former and sometimes to the latter
These cells gnve the typrcal staiming reactions of and are otherwise dentical with
Hellen Zellen (Teyrter 1953)

Nerve fibres have been found 1n the artertal walls and also unmyehinrted fibres
wunnmg freelv wumong the follicles but no termnations m contaet with follicular
cells have been deseribed  According to Nonudez (1933) most of the follicles are not
n contact with nerve fibres of the interfolicular plesus

Kidney

The basement membrane of Bowman s eapsule and of the tubules and the inter
stitial trssue of the kidney are formed of layers of reticuln  With v1tal methylene
and trypan blue stuning the dye becomes concentrited on the<e structures The
captllanies are every where surrounded by macrophages (pericy tes) and these contmue
mto the glomerular tuft as the 1isceral epithehal cells surroundmg the capi
laries  Sumilar macrophages lie mn the basement membrane of Bowman s capsule
The tubules are everywhere completely surrounded by rows of macrophages con
tinuous by their processes and also contimuous or perhaps dentical with the periey tes
of the capillaries (Figs 38 39) They lie n or below the basement membrane of
the tubules Unmyelmated nerve fibres vre found runming betvween the tubules 1n
close relationship to the vitally staming celfs but not endm, on the tubuje cells
(Fig 39) The nerve fibres can also be observed to encircle Bowman s capsule 1n
close relationship to the macrophages lving 1 its basement membrane They can
ale0 be seen to he m close relation to the percytes of the afferent and efferent
glomerular vessels and to piss mto the glomerult  Collections of macrophages nith
nerve fibres 1n close relationship are found in the capsule of the organ These
mcrophages are eontinuous by themr processes wath those between the tubules
while some of the nerve fibres also pass nto the intertubular spaces  Most of the
nerve fibres however enter the organ with the blood vesscls at the Jnlum

Cappell (1929) alo found wital staiming of cells m the glomerular tuft and of
cells between the capillaries and tubule cells The latter were more numercus ab
the apex of the pyramuds Yon Mollendorff (1930) describes the occurrence of
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numerous macrophages just beneath the capsule and also 1n relation to the basement
membranes of the tubules and Bowman s capsule

Other workers hase observed that nerve fibres enter the lum Accompanying
the arteries  Wost of the fibres n the parenchyma are unmsechnated They ru:
between the tubules and are said to be distributed solely 1n relation to blood v essels
ncluding juxta glomerular bodies and to glomerul  Unmistahable nerve fibres
endstig 1 relation to parenchyma cells have not been demonstrated (huntz)

The Pancreatic Islets

Using methy lene blue and trypan blue stans the pincreatic islet cells are seen
to lie enclosed in end separated by macrophages and unmyelmated nerie fibres
are 1n close proximity

Numerous macrophages surrounding the 1slet cells were described by Lubarsch
{1921) and Cappell {1929) and Feyrter (1953) al<o records such cells but describes
them as Hellen Zellen

The Interstitral Cells of the Testis

Using vital methylene blue and trypan blue stamuny the e vellon cells are
found completely surrounded and separated by macrophapes and numerous unmyel
nated nerve fibres are in the viamty

Vitally staiin, macrophages known as Zwisch llen, have been deseribed by
German worhers as {ying between the testicular tubules  They surround and inter
mingle with the yellow nterstitial cells of Leydiz (Tahamon 1921  Cappell 1929
Schafer 1949)

Ovary

In the developing ovary the ova and surroundin, follicle cells grow down as
strands from the prrmitive germinal epithelium v hich cos ers the free surface of the
ovary 'There 1s no basement membrane below this epitheltum but a condensation
of connective tissue called the tumca albuginea  Withmn the substance of the ovary
the ova are found surrounded by a number of follicle cells around which hes a base
ment membrane surrounded by the theca follienli  The latter consists of reticuln
fibres and contains spindle shaped cells  Lying in it are found vessels and nerves
When the ovanan follicle ruptures the ovum 1s discharged and the folicle cells
within the basement membrane become the lutemn cells  The spindle shaped cells
of the theca with reticulin fibres now grow 1n between the follicular Iutem cells as
epitheliond cells contuning hipid and cholesterol cters the so called thee lutern
cells  In atretic follicles the ovum and follicular cells show signs of de eneration
nd the cells of the theca interna proliferate and penetrate the basement membranc
aud enter the follicle They contamn hpids  The basement membrane becomes
wary and the cxvty of the follicle filled with radally arranged strands of celis vin,
enclosed 1n reticulin

Yatal methlene blue and trypan blue staming shows the pre ence of numerous
macrophages throughout the ovaran connective trsue Unmyelmnated fibres are
found 1 enormous numbers and these appear to be applied to the surfice of the
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macrophages which 2lmost seem to serve as Schwann cells to the fibres The
ovanan follicles are surrounded by o sy ncy tiam of macrophages v ing in the basement
membrane m relation to which a collar of unmyelinated fibres can be obsersed
(Tig 40)  Unmyelinated fibres even pass into the cumulus otphorus  In corpora
Iuten stellate macrophages Iy mg on reticulin fibres ean be oberyed v erywhere hvng
between the yellow luteal cclls and formng a synevtium (Fig 41) The piture
resembles the adrenal cortex, anterior pitwtary ete  Tine unmy chnated Abres can
be seen running between the luteal cells and i close apposition to the stellate cells
In atretic follicles bands of reticultn fibres can b obseryed runming 1n various dicee
trons with numerous macrophages lying on them A few unmy elmated nerve fibres
can also be seen A condensation of macrophages 1s present i the basement mem
brane of the germinal epithellum with numerous unmjyehnated fibres below 1t

Vatal staining of certain cells of the follicle and the corpus luteum was deseribed
by Aschoff (1924) and Keller (1942)  Cappell (1929) says that throughout the stroma
are vitally stuning cells sometimes occurning m elumps and that sstal staming
ocenrs n both atretic 1nd other folicles  huntz states that most nerve fibres e
unmyehnated The vascular Led 1s abnormally richly inervated Nerve fibres
oceur among imterstitial secretory cells m the membrang granulosa of the folhicles
and 1 the corport Juter  Nerves have aiso been found in the germinal epitheliun
on the surface  According to huntz 1t 1s doubtful 1if nerves peneirate the basement
membrane of the epithelram of the follicles

Laver

All the parenchyma cells lymg e the lobules are enclosed by retreulin hibres
continnous with those of the cont ective trssue of the interlobular spices and with
that surrounding the brle capillaries and central v emns of the lobule and contiuons
again with the reticulin of the capsule  Great Qifficulty was cxperrenced m staming
this organ with methylene blue owing to the extreme raprdity with which the gland
decolourizes the dye  Lientually 1% solutions of dye were found effective  Vatal
stamning with both methylenc blue and trypan blue stamns the Iupffer cells lining the
sinusowds and lying on the reticulin fibres mterposed between the blood and paren
chyma cells  These are ceen to be continuous by their processes to form a sy ney tram
Semlar vitally staimn,, macrophages are found in the connective tissue of the mter
lobular spaces where they form the pereytes of the capillaries  These are continuous
by processes with the hupffer cells 1t the peripheres of the lobules Vlacrophages
are also found just outside the endotheltum of the bile ducts and many he under the
capsule The latter are continuous by their processes with the hupffer cells m the
Iobules immediately beneath the capsule Unmyelinated nerve fibres can be seen
Iying m relation to the blood s essels (arterioles and capillaries) and bile ducts in the
interlobular spaces where they are 1n relatton to the microphages In the capsule
also are found unmyelinated nerve fibres which lie 1 very close relationship to the
macrophages Many are also scen perivascularhy  No nerve nbres were found
penetrating nto the lobules

Goldmann (1912) Cappell (1920) and many others describe macrophages ocenr
ring around the hver parenchyma cells in the peniportal tissue and about the bile



VITAL STAININC OF N\NORMAI TISSULRS 7l

ducts Inaddition the so called Stern Zellen are found floating in the blood of the
sinusords attached to the walls by one or two larger processes  They may desquamate
nto the blood especially 1if the staining 13 mtense (Cappell 1929) With ntense
starnng the cells may break off mto the lumen of the blood vessels or pass into the
perportal connective tissue the central vein or beneath the Iner capsule where
collections are found  Ricgele (1932} and other workers ha e shown that in the hver
spleen lymph tissue adrenal cortex anterior pituitary etc the reticular cells form
a syneytium  Pregele (1932) using silver stans clumed that in the liver spleen
and adrenal cortex the aus cyhinders of the terminal nerve network were intra

plismal and lay indeed 1n the sy nevtium of the reticulo endothehnl cells  The latter
was <o constructed that it formed the sheath of the axis eyhinders that 15 1t corres

ponded to the replaced Schwann cells  In the Iner and adrenal cortex the capillary
walls were formed of the retrculo endothelial syncytium  The axs ¢y linders of the
nerve terminal netsorhs 1n the lver and adrenal cortex Iay al o un the nall of the
capillary network  In the pulp of the splente retieulum axis ¢y linders also coursed
m the cstoplasm of the hittoral cells I have not been able to confirm this in any of
the e organs  Alexander (1940) likew: ¢ could find no nerve fibres runming mto or
endin,, agamnst the parenchvma cells or macrophages It seems possible that the
fitires ob erved by Riegele were 1n fact reticulin fibres

Adrenal Gland

The cortex of the organ 1s composed of columns of cells lying on a reticulin
framework dimiding the cells from the blood 1n the smusoids and continuous with
that 1n the capsule and in the medulla of the gland The chromaffin cells of the
medulla are hikewice enclosed 1n reticulin fibres continuous with those of the cortex
and alvo dividing the cells from the blood 1n the capillanes

Pepeated attempts were made to stamn the gland satisfactonily  Mlethylene blue
solutions containing 0 069, of the dye were necessary  After infiltration the tissue
must be immediately plunged mto the fixative because decolourization 1s very rapid
By this means the sinusoids can be obsersed to be hned by a vitally stained syn
eytium of branching stellate cells (httoral cells) and the cells of the medulla are sim
larly surrounded by these cells The medulla alse contains numerous smaller vitally
staining cells and larger blood yessels with the typieal distribution of witally staimmg
cells in their walls Punning m the capsule are found many fine nerve fibres both
unmjelinated and myehnated Unmyelinated fibres run radaally through the cortex
1n close relationship to the fixed macrophage cells hning the sinusouds (Fig 42)
They contimue mto the medulla  Other unmyehnated nerve fibres pass into the
trabecule of the cortex and directly into the medulla where they appear m close
relationship to the macrophages They do not appear to end on any medullary
cells however Some ganghon cells are scen 1n the medulla

Many workers have described a sumilar retrenlo endothelial structure of the adrenal
gland includmg Cappell (1929) He also reports the presence of vitally stammng
cells throughout the medulla  Riegele (1932) and others describe the littoral macro
phages of the gland as forming a syneytium  Feyrter (1903) records that these
cells stain as Hellen Zellen  According to huntz (1953) nerves enter the gland via
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the medulla and capsule Many of the Jatter sweep round the glomerular arches m
the outer eortical zone and extend mwards n the interfascrcular septa  Some ter
mnite m relation to the blood vessels in the medulla without making termmal con
nections in the cortex  The chromaffin tissue 1n the medulla 1s mnnervated directly
through preganghonie fibres The postganghonic fibres are distributed to the
vascalar bed  Most recent iy estigators fail to support the 1dea that the cortical
cells are directly mnersated (huntz) My own observations agree with this yiew

The Pitmtary Gland and Pineal Organ
I have not exammed these tissues The structure of the antenor part of the
pituitary  however resembles that of the Iiver and adrenal cortex and consists of
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cells enclosed m a reticulin frameworh which divides the parenchyma cells from the
blood 1n the blood yessels or sinusoids  According to Cappell (1029) in the anterior
pittary vital staimng occurs n large stellate cells with coarso nregular granules
These are found just outside the capillary walls or as cells iming the sinusords and
andlogous to Rupffer cells  The reticuln framework with the supporting vatally
statmng cells forms a complete wall for the stnusoids of the organ separating the gland
cells from the blood Some macrophages filled with secretion break off and wander
mto the posteror pituitary (Fevrter 19.3) so ealled prtuicytes  isin the antertor
s0 1 the posterior pituitary vital dyes can be seen n endothehal and pernvascular
cells 0 called ghal cells

The structure of the pmeal gland resembles that of the antenor pitmtary
(Maximos and Bloom 1902)

The capsules of these glands are well supphied with unmjyelinated nerve fibres
and 1 addition fibres permeate the glands  Some of these are unmyelinated and
ending around the vessels and penecytes Nerve fibres do not apparently enter the
parenchyma cells of these organs (see huntz 1903) In the anterior mtutary are
found nerve fibres dernved partly from the sympathetic accompanving the blood
vessels and partly from the prtwitary stalh  Fhey are believed to termnate freely m
the reticulin connective tissue (Mawmov and Bloom 1942) where they will be m
close relationship with the macrophage syney tium

Parathyroids

The structure of these glands resembles that of the Iiner mn that the parenchyma
cells lie on and are enclosed by a reticulin framework  The reticulin 1s continuous
with that of the connective tissue surrounding the glands  Onit1s found a syncytium
of stellate cells staimin, with methylene blue and trypan blue and continuous with
the pl of the sur g connective tissue  The macrophages form the
walls of the sinuwotds of the organ and separate the parenchy ma cells from the blood
In the connective tissue capsule are found unmyelinated nerve fibres Ivning 1n close
relationship to macropha_es

These vitally staining cells correspond to those deseribed by Wilkamwon and
Pearce (102¢) Cappell (1929) also deseribed the staming of perivascular macro
phages between columns of glandular cells Schafer (1949) reports numerous
sinnsordal blood channels running between the columns of parenchyma cells and
coming mto close relationship with the cells The endothelum of these sinusoids
15 deficent 1 many places and may contain pigment Feyrter (1953) describes
these same cells a« grving the typieal staining of Hellen Zellen  According to huntz
(1903) the nerves related to the glands are dersed from those associated with the
vascular bed Some unmyelinated fibres drverge from the course of the blood
vessels and appear to terminate in relation to the secretory cells I was unable to
demonstrate such fibres

The syncytium and reticular structure of thi> organ thus resembles that of the
anterior pitwitary and other endocrine glands  The syneytium 1s 1n close relation

ship to nerve fibres and thus intervenes between the nerve fibres and parenchvma
cells
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Lympheid Tissue

This tissue 13 composed of a capsule made up of fibroblasts collgen and reticulin
fibres from which trabecufm pass mwards towards the hilum diy 1ding the organ
mto segments and becoming continuous with the collagenous cannectrve tissue of
the lulum  Lying m these segments and divided from the capsule 1nd trabeenlz b
the Iymphatic sinuses are the Jymphatic nodules wineh extend towards the hutum
as the medullary cords The whole of the tissue between the trabeculs iz burlt
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an a retrieulint framevork enclosng the lymphocytes developing from the refienlar
cells and on winch hes 4 syneytium of fived macrophages  The blood vessels and
nenes of the lymphoid tissue are derned from two sources They pass i from
the capsule and the hilum by way of the trabecule The capilaries leave the
trabecalas to pass mto the jy mphatie nodules forming a network 1n the perphers of
he latter

¢ Limphond tissue 15 also 1ery difficalt to stamn vaally by methylene blue  Ttas
necessary to use a solution of 0 08% strength  Using t!uLs method n:lmcmus MBCTO

phages with unmy elinated nerve fibres 1 clase relat can be o, t uu‘:
the capsule (Fig 4%) In the trabecule macrophages take up the dye and th
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reticulim fibres also stain  Unmj elinated fibres ean be seen runming 1 close relation
ship to the macrophages and capillares (Dig 43)  In the lymphatic nodules macro
phages stamn cluefly at the peripheries where they tend to form a chain encireling
the germinal centre that 191n the region of the capilliries surrounding those structures
There mey al<o be scattered vital staiming of hittoral cells of the syney tium 1n different
parts of the germinal centre  Sparwe unms ehnated nerve fibres can be made out in
close proxumty to these vitally stamung cells at the eircumference of the lvmphatie
nodnles  If the maerophages are first stimulated by foreign protems almost all the
macrophages Iym,, on the rehcnlin networl ean be made to stan vitally

In lymphoid tissue therefore there are found a capsule and trabecule con
tunn,, macrophages and fibroblasts with blood veseels including capilltries

-

Fi 41 C pule of lymph node show ng macr phag  n closs relat n t nerve fitre
(Mettvlen bl e x i)

accompamed by unmyelimated nerve fibres The macrophages semve as perioytes
for the capillaries  Capillaries wath therr pericy tes and accompanied by unmyehnated
nerve fibres course round the ed.e of the Iymphoid nodules The penicytes are syn
eytially related to the phagocy tic cells on the reticulin of the germinal centres which
enclose the developing lymphocytes

A similar arrangement of macrophages in the normal lymph node 1s described by
Cappell  In mflammatory states the number of vitally staimng macrophages
ncreases enormously and the reticulin framework 15 seen to be covered throughout
by the macrophage synestium

Spleen

This organ consists of a connective tissue capsule composed of fibroblasts
collagen and reticultn fibres and a few unstriped muscle fibres From this trabecule
of symilar structure pass mto the organ in various directions  From the capsule and
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Lymphoid Tissue

This tissue 55 composed of a capsule made up of fibroblasts collagen and retreultn
fibres from which trabeculz pass mnwards towards the hilum droxding the organ
nto segments and becoming continuous with the collagenous connective. tissue of
the lnlum  Lving 1n these segments and divided from the capsule and trabeculz by
the }ymphati siuses are the Iymphatic nodules which extend towards the hilum
as the medullery cords Tho whole of the tissue between the trabecule 1s bult
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Fic 43 Lymyhot 1 tissue from gut wall showing beaded unmyeltated nerve fibres pa 10y
mto follt 1 (Methylene blue 00

on a reticulin frameworh enclosing the Iymphocytes developig from the reticular
cells and on which lies a svneytiom of fixed macrophages The blood vessels and
nerves of the lymphord tissue are dernved from two sources They pass in from
the capsule and the lulum by way of the trabecule The capillaries leave the
trabecule to pass into the lymphatic nodules formng a networh mn the periphersy of
er

theIljcrtnphzml tissue 15 abo very difficult to stamn vitally by methylene blue It 13
necessry to use & solution of 0 03°, strength  Using this method numerous ntmé'ro

phages with unm ehnated nerve hibres 1n close relationship ean be demonstmde tl'!ln
the Bcapsu]e (Fig 41) In the trabecule macrophages take up the dye an e
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replacing the maerophages of the adventitia of artenoles and to the edge of which
nerve fibres reach by way of the vessels and (c) a set of macrophages lying on the
reticulin of the red pulp and mcluding the hning of the venous sinuses  Free nerve
endings seem to exist in the red pulp

The Bone Marrow

From the endosteum reticulin fibres pass mwards and form the reticubin frame
work of the bone marrow on which hie numerous stellate cells taking up vital dyes
and forming a syncytium  In this reticulum are also found the precursors of the red
blood cells and of the granulocvtes  The s ascular endothelum of the inter sinusoidal
capillaries lying 1 and surrounded by the reticulin framework also shows vital
stamung (see Cappell 1920 Mavumov and Bloom 1852  and others) The reticulin
meshwork and macrophage cell syncy tium Lie just outside the capillary blood vessels
of the marrow  The cells correspond to the pericytes {macrophages) in position

Fine myelinated and unmyeltnated ner e fibres are found 1n the endostenm and
the latter are present closely associated with the blood vessels it the marrow proper
{huntz 1903) Some of these persist after sympathetic denervation Some fibres
deviate from the blood vessel walls and end 1n delicate arbonizing structures which
have been thought to be receptor organs

Placenta and Amnion

The placental will are covered by a synevtium of cells known as the syneytio
trophoblast and beneath this lies a laver of cells the cytotrophoblast (Langhans)
cells The latter he on a reticuhn membrane The centre of the villi consists of
loose mesenchyme 1n which he 3 and s phages (Hofbauer
cells) some lying ymmediately beneath the cytotrophoblast layer as in eprthelia
The wall of the amniotic sac 1 of a similar structure  Enormous numbers of the cells
of the basal dectdua of the maternal tissue are macrophages The feetal and maternal
arculation 1n the vilh are divided by the endothelium of the feetal capillaries sur
rounded by pt the cytotrophobl: the syneytiotrophobl layer
numerous maerophages m the maternal decidua and the maternal capillary sinusord
walls of the decidua surrounded by pericytes Thrs constitutes the so called endo
thehiochorional barrier  of Grosser

Vi hen vital dyes are injected wnto a pregnant ammal the placenta foetal mem
branes and ammotic flwd are vitally stained but not the feetus (Burrows 1932)
The dyes pass from the macropha_es of the maternal decidua 1nto the sy neytto and
cytotrophoblast cells which show well marhed vital stammg with acid and basic
dyes for example orange G and methylene blue (Goldmann 1912  Sin_er and
Vislock: 1948  Franceschin) Lipids and 1ron also pass into these cells fro:) which
they are then taken up by the feetal macrophages (see Wislock: and Dempsey 1946
1948 Singer and Wislochr 1948) This 1s the structure through which all oxygen
and chemical interchange takes place between the blood of the mother and foetus
In fact this reticulo endothelial structure controls the metabolism of the fetus
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trabeeulze retrculin fibres pass mwards in all directions to form the frameworh of
the organ 1n both the red pulp and Malpighian corpuseles  On thus ke the hittoral
macrophages which form a syncy tium throughout the spleen The blood vessels
enter and lease the organ at the Inlum  Lymng m the trabeculx the arterses pass
mwards and then quit these to pass into the red pulp At this pomt the adventitia
with its macrophages 15 replaced by Iymphord tissue (Malpighian corpuscles) The
arteries continue inwards and break up into artersoles and capillanies
Using supravital injections of methylene blue directly 1nto the organ and without
previous stimulition by foreign proteins it 1s necessary to use 0 08% methylene
blue and immeduately plunge the tissue mto the fixative  Thig results 1 vatal stam
mg of macrophages and unmyehnated nerve fibres in the capsule and trabeculs
and mn the arterial walls  In the red pulp the stanug of the hittoral macrophages 15
eapncious and patchy and occurs especrally around the vessels In the lymphod
tissue the vital stamning occurs chiefly at the errcumference (Fig 14)  Unmyelnated
nerve fibres may be observed m the trabecule surrounding the xessels and accom
panying the arterioles into the red pulp where they masy be found 1 relation to
macrophages They do not appear to have any specific endings  If egg albumin
1 first mnjected a marhed merease m the number of vitally starmung macrophages 1
observed
The spleen has been described frequently as consisting of 1 reticuln frameworh
in which lies a macrophage syncytiam  As m other organs not all macrophages
stam vitally at the same time and they are indeed difficult to stamn m the spleen
(Cappell 1929) Cappell describes numbers of macrophages around the margm of
the Malpightan corpuscles as a layer of stellate cells  Nesther the reticulo endothelial
cells of the centre of the Malpihian corpuscles nor the lming cells of the venous
situsouds take up the dye The varation n staimng has been attnbuted by Cappell
to the evistence of vasculir shunts This however cannot be the case as 1t occurs
when dye 13 mjected directly into the tissue It must be due to ther mactrie
stite as they can be stimulated to phagocvtose by appropriate means
According to Maximov wnd Bloom (1952) finely myelinated and unmyehnated
nerves with accompangin, macrophages penetrate the hilam ranufy m the retrenhn
and coliagen capsule and trabecula and some accomp iny the blood vessels into the
organ  Thev supply the inside of the capsule and trabeculee  Lhey can be followed
to the white pulp and even along the arteries bevond this  Some also accompany
the vems Many branches penetrate mto the red and white pulp but therr endmgs
were considered as not definitely estabhshed (huntz 1953 laximos and Bloom
1902} Some are found m relation to contractile cells (macrophages) of the w all of
the venous stnusoidal spaces (Utterback 1044  see also Riegele 1932) As already
menttoned Riegele clumed to have found the termination of the ax1s cyhnders of
unmy elinated nerses embedded mn the ¢ytoplasm of the reticular cells of the spleen
and correspondmg with and replacin,, Schwann cells = finding I was unable to con
'm
fr Thus there seem to be (a) a set of macrophages lyin, m the trabccul:eband
capsule among the collagen and reticulin fibres and n nhtulm ;'u necrvv UF;C;';::,
(b) & set of macrophages lving on the retrculin of Iy mph nodes (Malpightan corp )
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Vital Stainng 1n Certain Pathological Conditions
{a) In three subjects 1mjections of methylene blue solutions without prior mjec
tion of forergn protem were made 1nto the abnormally 1nnery ated shin segment near
but not affceted by kerpes zoster The tindins in this site differed from those in the
normal m that there was a marked increxse 1n the number of cells of Lan_erhaus
and dear colls staming  In normal unstimulated epidernus these cells areeﬁceu n
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11 45  Skin n same dermateme s Je 1018 of herpes zoster showing swell ng of epiderm s
with a marke Liner ase i numke (I stamung meropt ages {Methylene blu o) Com

prow thEgs 10an 130
relatively small numbers but near herpetie shin the whole swollen eprdermis shows
Jarge numbers of thesc cells throughout all the lavers (Dig 45)

(6) In the thunned skan and subcutaneous tissues of areas affected by scleroderma
the chan¢s are the reverse of those seen m areas of herpes zoster  If 11tal stuntng
1s carried out without previous protan stimulation very few Langerhans and dear
cells can be made out m the epidermis or macrophases in the underlying derms
(Fig 46) 1f however foreizn protein s mjected prior to the staming considerably
h can be d rated in the tissues It seems that in areis of

mare macrophag
seleroderma the macrophages are not phagocytic untess strongly stimulated
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{¢) The thelic hissues bordering on the panless trophic sores of the sole tn three
cases of tabes dorsalts were exammed  Injection of vital dyes caused a diffuse staning
of necrotic tissue but m the surrounding hving tissue deep to this nesther macro
Phages nor nerve fibres could be made out (Fig 47) The thmned epidermis in the
sieomity of the ulcer sumilarly contamned no demonstrable macrophages

Summary

To summartze the obsers atrons described above 1t seems that all tissues contam
retrculo endothelial elements The capilltries are surrounded by macrophages 1
the form of perrcvtes n relation to wihich are found unmyelmated nerve fibres
accompanted by Schwann cells  “ome of these are of posterior nerve root ongmn
In the alveol: of the lungs the periey tes appear as the septal cells The Jarger blood
vessels contamn a syncytium of macrophages or adventitial cells Iving m their
walls and unmyehnated and finely myelinated nerve fibres (some of postersor root
origm) m close relation to these cells

The peripheral nerves are surrounded by ep1  pert and endo neural cells which
are fibroblast and macrophage mn nature and mnto the ep pert neurium pass the
unm)ehnated nerve fibres of the nervi nervorum  Vacrophages appe:r to con
gregate around the unmyehnated nerve fibres m the connective tissue

Some of the cells lying between the fibres of collagenous connectrie tissue are
not fibroblasts but are macrophage in nature and unmjyehnated nerve fibres with
free nerve endings are present near the cells which lie near true fibroblasts In the
loose connective tissue unmyelinated nerse fibres seem to attract macrophages In
the cornea between the corneal fibres are found similar macrophages with unmyeli
nated nerve fibres of trngeninal root origin comuing mto close relationship

The various tissues may be grouped according to the distribution of the reticulo
endothelial cells 1n them (see diagram)

Type 1

Epithehal cells lie on a basement membrane m or on which lies a syncy tium of
macrophage cells which project between the epithelial cells  Unmyelinated nerve
fibres some of posterior nerve root ongm form a plexus below and n the basement
membrane and rogy psss up between the epithebal cells Thev come 1nto close
rela hip with the macroph Thus structure 1s seen n the resprratory tran
sitional pastro intestinal and semle and immature uterme eprthelia Inthe epidermis
and 1ts appendages there exists a syneytium of such reticulo endothelal cells Ivin,
between the ather epidermal cells mcluding the hisil melanoblasts and unmyelt
nated neri e fibres of posterior nerve root orgin accompamed by Sehwann cells form
a plexus below the basement membrane  They afterwards penetrite to pass betwecn
the epidermal cclls 1 close relationship to the macrophage syncy tium A smuhr
syueytiem occurs m the epitheltum of the buecal mucoss and 1n the enymel organ
In the synotvial membranes the synovial endothelial eells lie on a conneetine tissue
cont umng macropha,es forming a condensation immediately below the sjnovial
Unms elinated nerse fibres are m close relationstup  Some of these are of
In the perichondrmm pertosteum and endosteum the

cells
postenor nerve root onn
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nerve fibres are surrounded by macrophage cells m the form of microgha denived
from the perieytes of the capillaries and unmyelinated fibres are every where found
between the myelinated fibres m close relationship to the micro lial cells

Type 5

Other organs consist of a reticulin frumew orh enclosing the specific cells of the
tissue  On this framework lies a syneytium of reticulo endothehal cells disiding
the parenchyma. cells from the blood The framework conseys the blood capillaries
with their pericyvtes mto the organ  The latter become continuous syncy tially with
the macrophages on the reticubm framework  This structure 15 seen i fat lobules
the liver adrenal cortex pitwitary gland the parathyrords pineal body bone
marrow corpus luteum lymphoid tissue the thymus and the spleen  Often with
the blood yessels unmyelinated nerve fibres some of posterior nerve root orgin
pass into the organ and may appear to end freely in the parcnchyma  These nerve
fibres come 1nto close relationship with the reticulo endothelial cells of the orans
This1s seen an fat lobules the adrenal cortex mituttary spleen lymphoid tissue bone
marrow and corpus Juteum  In other organs the nerve fibres only appear to enter
the capsule or the connective tissue surroundin,, the lobules of the organ m which
lies a macrophage syncytium eontinuous with that Iying on the reticulin framework
of the intenor of the organ or lobule This 18 seen 1n the parathvroids and the liver
lobules In the bone marrow the endothehal cells of the blood sinusoids lying between
the reticulin framew ork of the parenchyma aleo t1ke up errculating substances

Tt can thus be seen that the blood 13 divided from epithelial and acinar gland cells
by the reticulo endothehal cells on the hisement membrane and between the acinar
or epitheli] cells  from nerve fibres and gan_lion cells by the neunlemma with its
satellite and Schwann cell macrophages from muscle fibres by the reticulin sarco
lemma and attached macrophages from eartilge and bone cells by the macrophages
of the outer layers of the pertchondrnum and pertosteum and endostenm  and from
fat cells endocrme gland cells prgment cells and h-emopoetic cells by 2 <yneytium
of macrophages in close relationship to which are found unmgelated nerse fibres
often of posterior nerve root origin

It has been shown that m the loose connective tissue of many organs unmyeh
nated nerve fibres are surrounded by numerous macrophages and come mto such
close relationship with them that they appear to be closely applied to the surface of
these cells or even to end m them It has been claimed by some for exanple by
Stohr that unmyelnated nerve fibres end mn the pencytes though I was unable to
confirm this with the methods used Such nerve fibres certamnly pass m close
proumity to these cells In the cornea the corneal cells or corpuscles are macro
phages and the nerve fibres entering the substantia propria of the cornea shed their
dchwann cells and become apphed to the corneal corpuscles which take their place
The macrophages surrounding the odontoblasts also have unmyelnated nerve fibres
m close relationship to or ending 1 them while Feyrter clams that the Hellen
Zellen (macrophages) also have nerve fibres endin, m relation to them Others
believe that the imterstitial cell syneytium and the Schwann cells are continuous
Certain 1t 1 that there 15 a close relationship between the endings of unmyelmated

o—
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cartilage cells or osteoblast cclls on the surface of the tissue e surrounded by a
condensation of connective tissue contaming a syneytium of macrophages and
fibroblasts with unmy chnated fibres i close relationship to the former

Type 2

In all exoerine glands the testis emdidymis +esicule sumnales and
thyroid the acim and ducts e on 4 basement membrane on or m which hes a
syneytrum of maerophages forming an open network round the structure  Simlar
macrophages (* myoepithelial —or basket cells) he between the gland or duct
cells  Around this hies a plexus of unmyelmated nerve fibres in close relationship
to the basement membrane and its contamned macrophages The cells of the ovanan
folheles are similarly surrounded by macrophages with unmyelinated nene fibres
sttuated mn close proumrty  In the Lidney the basement membranes of Bosman s
capsule and of the tubules are 1n contact with a syncy tium of macrophages derned
from the perieytes  Such percytes aecompany the capilaies mto the glomerult
Unmyelinated nerve fibres run n dJose association with these perievtes and with the
macropha,e syncytium surrounding the tubules in the intertubulir spaces

Type 3

In tassues consisting of small groups of cells producing specific secretions the eells
are surrounded by and mtermingle with macrophages Unmyelnated nerve fibres
are found m clo e relationshup to them This 1 seen around the odontoblasts the
cells of the pancreatic sslets the vellow nterstitial cells of Levdig in the testrs the
adrenal medulla the pigment cells of the choroid wnd s (and neevus cells i the
derms)

Type 4

Rows of macropha,e> with unnrvelinated nerve fibres in close relationship lie
on a retreulin membrane completeh surrounding other cells  This 15 seen i straped
cardiac and plain musele 1n which fibres are surrounded by rows of macrophage cells
continuous by their processes and derived from pericvtes  They lie in close relation
<huip to the reticulin sarcolemm i of striped muscle which thus corresponds with the
vasement membrine of epithelta  In striped muscle these reticulo endothehal
cells are continuous with the corpuscles of the tendon many of which are macro
phage m nature  Unmyelinated nerse fibres some of posterior nerie root orgin
are found ending freely between the muscle fibres and 1 close relationship to the
macrophage syncvtum  In unstrped muscle these cells are known as mterstitrnl
cells of Cajal  The fibres of the pertpheral and antonomice ners es are surrounded by
the reticulin neurilemma on which he the macrophage ke Schwann cells and by
numerous endo per1 neural mcrophages and fibroblasts

In the autonomic gangha and posterior nery e roots the gan, lion cells are hkenr o
surrounded by a reticulin capsule on which be the satellite or capsular macrophage

Jike cells
' Yithin the central nervous system and reta the nerve cells and myehnated
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THE VITAL STAINING UPTAKE OF CIRCULATING SUBSTANCES AND THE
QCCURRENCE OF MACROPHAGES AND NERVE FIBRES IN MALIGNANT
TISSUE AND RENIGN TUMOQURS

ViraL and supravital injections were also made mto and around malignant tissues
usmg both methylene blue to stain nerve fibres and macrophages and also tripan
blue Janus green B and Indian ink  The mjections were made into the centre of
the tumour and also where 1t abutted on to normal tissue both with and without
previous mjection of foreign protern  Numerous malignant tumours were mvest:
gated These mncluded 23 examples of careinoma, of the breast 21 of carcrnoma of
the colon or rectum 16 of carcinoma of the stomach 23 of sarcoma of soft tissue or
hone 6 of carcinoma of the hidney 8 of carcioma of the cersix 33 of epitheltoma
of the skin or stratified epithelial mucosa 8 of carunoma of the bronchus G of
malignant melanoma of the shin and other tissues 9 of carcinoma of the bladder
2of Wilms tumour 4 of mal teratoma 2 of blastoma 2 of
2 of chononepithelioma and 8 glomata of various types Twenty v examples
of rodent ulcer wero also mjected  With sarcomata and very cellular carcinomata
and melanomata no vital staming of nerve fibres or macrophages in the centre of
living mal sar 1 tous or cellular tous niasses was
obtamable (Figs 48-01}  Vethylene blue was rapidly and completely decolourized
by Jning tumour tissue  Other dyes @iffusely but patchily stuned the growths
when njected directly 1nto them especially areas of necrotic tumour cells Nearer
the edge of the tumour rarels nerve bundles of the msaded tissue may be scen

Fic 48 Elg ofe¢ rc nomaof breast butting on to normalti ue v tall
my ctelwat! teypan
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nerve fibres and macrophages in vanous guises suterstitial cells or Hellen Zellen
and that these cells appear mnterposed between nerve endings and effector cells or
are associated with the nahed nerve endings of unmvelnated posterior nerve root
fibres

In normal tissues macrophages appear to congregate around unmj elinated nerve
fibres  When the Iatter degenerate as in cases of tabes dorsals the macrophages
tend to disappear from the denervated tissues
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Without prior mjection of foreign protein at the cdge of each tumour there was often
seen a zone of mvaded normal tissue which took up the stamn poorly  Yore often
colleetrons of functiontng macrophages occurred at the edge of the tumour and in a
few conncetive tissue septn penetrating it (Ings 48-51)  Outside this zone macro
phages and nerve fibres could he demonstrated normally In acellular sewrrhons
growths there are found macrophages m the connectis e tissue around the mahignmt
cells but none within the foer or columns of cells

In the normal eprdermis there are seen vitally stamng clear and Langerhans

Fit 48 Subcutaneous metastases of eare noma of brea t vitally injected + ith trypan t lue
on left and Indian mk on right prior o temoval from the hody showing failure of uptake
of lye or collod by the growth’ ( 4) The darker pots in the tumaour are the sites of
intratumoral ingections

cells At the site of development of carcinoma of the shmn the epithelium sith its
normal clear and Langerhans cells dips down mto the corium and 1ts vitally staming
cells and nerve fibres gradually disappear (Fig 52) None can Le found m the
columns of malignant tissue below nor within the epithehal pearls though around
d a condensation of macrophages
‘hcglen]in‘z:nbe:nng spontaneous breast tumours stuned itally by mtrapertoneal
njections of trypan blue or mamine blue the findings were 1dentical with thtz;se
obtamed in human miterial The dye was concentrated tn macrophages around t}.m
edge of the tumour and n LOn;eLtl\e tissue septa passing mto the tumour but the
was unstaine
tum‘z‘{\rc:\n;?;:lnune shy blue was mjected mnto human organs bearng ‘mt:;hg,;n:,r:t
tumours and the nodes bearmg secondary deposits excised 1t was found that the
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arculation 1 mali_nant tissue as 1t fails to oceur even if the dves or collowdal
suspenstons are mjected dreetly into the substance of such tumours  Furthermore
3t cannot be due to some abnormality of the chemical metabolic changes which
transforms the methylene blue and other dyes into some colourless compound as
there 1s no retention of vital dyes which do not undergo this change Necrotie
tumour cells may give o diffuse staimng with dyes It must be concluded that there are
o functioning macrophages wn or wnnertation of malignant tissue or that these cannot
be demonstrated by supravital methylene blue staiming  Aganst the latter how

ever 13 the fact that occasionally nerve fibres can be seen passing through the edge

Fio 53 Columnsof ell ofr dentul e h wngsu round ng mac oph ge syn ytm
(Methy! n blue x 00}

of malignant tissue from normal to normal tissue surrounding the tumour and also
that nerve fibres could not be demonstrated by silver stamns This apphes also to
osteoclastomata and ghomata

The vital staining of rodent ulcers by methylene blue 18 difficult owing to rapd
decolounization of the dye By repeated attempts the overall picture could be
preced together Methylene blue solutions of 0 069 strength are best It was found
that the columns of basal cells lie on & reticulin membrane which stains fairly eastly
The cells of the growth do not stain vitally No I hans cells were d bl
1n the cell columns Lymng on the b b were found coll of
macrophages often spread out to form a network indrvidual cells being continuous
by their processes (Fig 53) Occasionally very fine nerve fibres were demonstrable
m relation to the macrophage cells but not penetrating the columns of basal cells
Numerous macropheges and some nerve fibres could be seen 1n the stroma
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tumour tissue 1n the Jy mph nodes farled to tahe up the dve while the normal Iy mphoid
tissue around stamed deeply
When pieces of the s1me malignant tissne which had fuled to show any nerve
fibres when stamed with methylene blue were stamned for nerve fibres by Holmes
method they agam fanled to show the existence of niers e fibres 1 the mahgnant tissue
In the two examples of osteoclastomata the tumour tissue stself faled to tahe
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Frc 57  Tarepithel oma of sl in deseloping from epidermis  On the left 15 a tongue of mal g
nant tissue and on the right normal epidermi  The macrophages (Langerhans cells) and
nervo fibres within the normal epi lermis disappear i the mahgnant tissue  (Met) ylene

up any dges or to show any nerve fibres 1t the same way as other malignant tissue

The surrounding pertosteum showed many macrophages and much retreubn  The
tne blast growths showed plete absence of any staming with vital
dyes hike other malignant growths 1n contrast with the findings in ganglioneuromata

Mone of the examples of gliomata of varous kinds examuned showed any vital
stamng though collections of microghal cells were found at the edge of the growth
and mucroghal cells and unmyelinated fibres stained supra vitally within the sur

rounding mntact nersous pssue

Thus there seers to be no uptake of vital dyes or colloidal suspensions of Inthan

ok by macrophages in Iivang mal tissue  This cannot be due to failure of the

dse or collowds to reach the macrophage cells owing to some abnormahty of the
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arcculation 1n mahenant tissue as 1t fails to occur even if the dyes or collordal
suspensions are myected directly nto the substance of such tumours  Furthermore
1t cannot be due to some abnormality of the chenncal metabolic changes which
transforms the methylene blue and other dves into some colourless compound as
there 1s no retention of vital dyes which do not undergo this change Necrotic
tumour cells may gis e a diffuse staning with dyes It must be concluded that there are
no functioning macrophages tn or snneration of malignant tissue or that these cannot
be demonstrated by supravital methylene blue stumng  Agamst the latter how

ever 1s the fact that occasionally nerve fibres can bo seen passing through the edge

F1a 3 Columns of cefls of rod ntul  howing surroundung ma rophage syneytium
(Methyl n blue x 00)

of malignant tissue from normal to normal tissue surrounding the tumour and also
that nerve fibres could not be demonstrated by silver stamns  This apphes also to
osteoclastomata and gliomata

The vital staming of rodent ulcers by methylene blue 15 difficult owing to rapxd
decolounzation of the dye By repeated attempts the overall picture could be
pieced together Methylene blue solutions of 0 06%) strength are best It was found
that the columns of basal cells Lie on a reticulin membrane which stains fairly easily
The cells of the growth do not stain vitally No Langerhans cells were demonstrable
1n the cell columns  Lving on the 1 L were found coll of
macrophages often spread out to form a network individual cells bemng contnuons
by their processes (Fig 53) Occasionally very fine nerve fibres were demonstrable
1n relation to the h cells but not p g the columns of basal cells
Numerous macrophages and some nerve fibres could be seen m the stroma
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The vital stamning with acid dyes of malignant tissue in animals has been men
tioned by Da Fano (1910) Amtschkow (1912) Goldmann (1912) Kiyono (1914}
Weil (1916) Marsh and Simpson (1927) Ludford (1929 1931) Hess (1940) and Gersh
and Catchpole (1949) Duran Reynals (1939) studted 1t 1n more detail and reported
that m certamn conditions tumours may appear by colouration to have tahen up
sital dyes m a lughly selective fashion Brunschwig Schmitz and Clarke (1940)
carried out a study of the accumulation of dyes i human tumours and reported a
selectrve staimng of tumour tissue 1n twenty out of thirty malignant growths with
non staimng of bemign tumours and chrome mflammation  However neither
Duran Reynals nor Brunschwig ef al  desenibe the dye as being taken up by macro
phages 1 tumour tissue The other obsersers agree that in malignant. trsue
meluding sarcomata shin carcinomata and ovanan carcinomata of the mouse there
may be a collection of vitalls staiming macrophages around the edge of the tumour
looking like a wall or capsule  From the stamed fibrous capsule diffusion of the dye
into the normal tissue vwas sometimes seen  Vlacrophages majy also occur in connec
tive tissue septa passing mnto the tumour from its edge Occastonally there have been
described a few macrophages around degenerating areas of a tumour The same
absence of macrophages was found in secondary tumours Dead tumour tssue or
the boundary zones between normal tumour and necrotic centre were diffusely
stamned by vital dyes Central necrotic areas were not stamed Tumour cells were
absolutely free of dve

In attempts to outhne the lymph drainage of human organs Wemnberg and hus
co workers (Wemnberg and Greany 1950 Wemnberg and Monus 1953) at operation
mjected vital dves especally 29, aqueous pontamne sky blue and direct sky blue
mto the normal parts of certain organs such as the stomach lung colon breast
nech ete affected by carcmoma  The dve colours the lymph channels and nodes a
deep blue 10 to 15 minutes later They obsersed that metastases m the nodes did
not tahe up the dye while the survising lymph node tissue around stained deeply
This corresponds with my own observations with these dyes

Tobin and Moore (1943) synthesized radio active dibrom denvatives of trypan
blue and Evans blue contaimuing Br*  They gave intravenous injections and found
that the uptake by malignant tumours was low as compared with other tissues
excopt where necrosis was present and that the clatms that the tumour tissue takes
up more dye as judged by colour are erroneous and based on false appearances
resulting from the whiteness of background of tumour tissue as compared with that
of other organs

The evidence suggests that an essential feature of malignant lissue s the Jurlure lo
abstract dyes particles and possibly physiological substances from the body fluids 1n the
normal fashion

In view of my own mability to find nerve fibres in the centre of mahgnant tissue
1t 15 of interest to mquire as to previous work on this subject  Wilhs (19.2) constders
at length the relationship of nerve fibres to malignant tumours and reviews the
hterature It 13 well recogmized that intact nerve bundles or large neries mmlhe
present within the substance of grow ths which have destroyed and replaced all tot w;'
landmarks A number of workers have been struck by the extraordmary resistanc
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of nerve bundles and fibres to neoplastic attacks {=ee for example Frnst 1900)
Since entire nerves frequently escape mvasion by envelopng growths 1t nught be
anticipated that solitars nerve fibres are sometimes to be found within infiltratmg
growths  ‘Much controversy has centered around the question of whether these
fibres are 1ncluded residues of pre exasting nerves or whether they provide a genuine
mnervation of the tumour cells Y oung (1897) using methylene blue and Goldmann
{eited by Herzog 1928) using Wesgert s stamn for medullary gheaths found nerie
fibres 1n a number of malignant tumours and concluded they were inclustons
Itchihawa and s co workers (1928} also found what they considered were uniform
nerves and nere endings 1n experimental cneers in rabbits and believed them to
be an integral part of the tumours but Nahamoto (192¢) failed to confirm their
pre ence and concluded that tar cancers contamned only damaged pre exuisting nerves
In tar painted mice Juhus (1929 1930} could not find any nerves in the supervening
careinomas nor could Ludford (1930) and Lazzarim (1931} Mer sel (1933) on the
contrary clumed to have demonstrated regenerating fibres sprouting from dama_ed
nenes in tar tumours and growing into the tumour tissue but did not suppose them
to mnnervate the tumour cells  Herzog (1928) and Willis (1922) using Bielschowshy s
stains or modifications of 1t found nerves precent m & number of human mabgnant
tumours The former concluded that they were residues of pre existing nerves and
that no neries were present 1 arcumseritbed primary or metastatic growths which
had not infiltrated anrl mingled with host tissues that in and around spontaneous
tumours no proliferation of nerves was present that no nerve endings were present
n tumour cells and that save for possible vasomotor effects tumours are imdepen
dent of the nervous system  Willis found occasional nerie fibres present in the
stroma and also among tumour cells but could not find any evidence that they were
other than included residues  He pointed out that m metastatic carcinomas mn the
brain silver staiming mav yreld pictures of residual nerve fibres extending into the
tumours and assumng relationships with the tumour cells but found 1t 1mpossible
to conclude that these fibres nnervated the tumour cells  On the contrary Martynow
(1930) studied a senes of squamous cell carcinomata and clammed to have found
abundant newly formed nerve fibres ramifying amidst the tumour cells and even
penetrating the cormfied epithehal pearls Qertel and his co workers (1928 1929
1931) claim to have demonstrated intimate connections of nerves with tumour
tissue and even nerve endings mn tumour cells  Shapiro and Warren (1949) thought
that expenimental tumours 1 the antenor chamber of the eye showed contraction
of blaod vessels on sympathetic stmulation and also that nerve fibres were present
n the tumour They concluded that functiorung fibres had grown into the tumour
around 1ts blood vessels and might control the rate of 1ts growth by controlling 1ts
vascular supply
Against the clam that malynant tumours are innervated there are serious
objections —
(1) Intact nerves large and small frequenth persist deep within and closely

surrounded by tumour tissue It 1 mevitable that residual fibres should be meluded

in the stroma of mfiltrating growths and sometimes mingle intimately with tumour
cells
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The v1tal staming with aed dyes of malignant tissue 1n anemals has been men
tl?ned by D1 Fano (1810) Amtschhow (1912) Goldmann (1912) hiyono (1914)
Weil (1916) Marsh and Simpson (1927) Ludford (1929 1931) Hess {1940) and Gersh
and Catchpole (1949) Duran Reynals (1939) studied 1t 1n more detail and reported
that i certain condittons tumours mav appear by colouration to hwe tahen up
wital dyes 1n o hughly selective fashion Brunschwig Schmutz and Clarke (1940)
carried out a study of the accumulation of dves m human tumours and reported 2
selective stamning of tumour tissue m twenty out of thirty malignant growths with
non staming of benign tumours and chrome mnflammation However nerther
Duran Reynals nor Brunschyig ef al  describe the dye as being taken up by maero
phages mn tumour tissue  The other observers agree that m malignant tissue
meluding sarcomata shin caranomata and ovanan carcmomata of the mouse there
may be a collection of itally staiming macrophages around the edge of the tumour
looking like & wall or capsule  From the stamned fibrous capsule diffusion of the dve
mto the normal tissue was sometimes seen  Vacrophages may also occur 1in connec
f1ve tissue septa passing into the tumour from 1ts edge Oceastonally there have been
described a few macrophages around degenerating areas of & tumour The same
absence of macrophages was found 1n secondary tumours Dead tumour tissue or
the boundary zones between normal tumour and necrotic centre were diffusely
stained by vital dyes Central necrotic areas were not stamed Tumour cells were
absolutely free of dye

In attempts to outhne the Iymph dramage of human organs Weinberg and hus
eo workers (Weinberg and Greany 1950 Weinberg and Mornus 1953) at operation
mjected vital dyes especially 29, aqueous pontamne sky blue and direct shy blue
mto the normal parts of certam organs such as the stomach lung colon breast
neck ete affected by carcinoma The dyve colours the Iymph channels and nodes a
decp blue 10 to 15 minutes later They observed that metastases in the nodes did
not take up the dye while the surviving Iymph node tisste around stained deepls
This corresponds with my own observations with these dves

Tobin and Moore (1943) synthesized racio active dibrom derivatives of trypan
blue and Evans blue contamnmg Br®  They gave mtravenous injections and found
that the uptake by malignant tumours was low as compared with other tissues
except where necrosis was present and that the claims that the tumour tissue tahes
up more dye as judged by colour are erroneous and based on false appearances
resulting from the whiteness of background of tumour tissue as compared with that
of other organs

The eridence suggests that an essental feature of malignant tissue 13 the fmlure to
abstract dyes particles and possibly physiological substances from the body flurds in the
normal fashion

In view of my own inability to find nerve fibres in the centre of mahgnant tissue
1t 15 of nterest to inqurre as to previous work on this subject  1Wilhs (1052) considers
at length the relationshup of nerve fibres to malignant tumours and reviews the
Lterature It 1s well recogmzed that ntact nerve Lundles or large nerves may be
present within the substance of growths which have destroyed and replaced all other
Jandmarhs A number of workers have been struch by the extraordmary resistance
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(2) Silver impregnation methods are not speafic for nerve fibres and may stain
collagen and reticulin which may be mistaken for nerve fibres

(3) The appearances depicted by various worhers and advaneed as evidence of
new growth of nerves or of the formation of nerve endings 1 tumours are uncon
vineing and many of them are typical of retraction bulbs and vancosities 1n de
generating nersve fibres

(4) Metastatic tumours at their inception clearly cannot possess a nerve supply
yet they thrive as well or better than the parent growth

The evidence 1s strongly m favour of the fact that all genmne nerves found 1n
tumours are inclusions and that nerves are not present mn the centre of masses of
cellular malignant tissue  In acellular grow ths mtersected by connectry e tissue septa
obviously dernved from the host nerve fibres may be found in the latter  This
concluston appears to be favoured by so large a body of direct and errcumstantal
evidence that the doctrine of freedom of tumonr cells from nersous control must
be regarded as estabhished  (see Willis 1952)

Vital Stainiog of Benign Tumours

Usmg the methods desenibed I have exammed the vial stamng of yarous
benign tumours in a similar fashion to normal tissue

Fibromata  S1x examples of this tumour were examuned These tumours
consist of whorls of reticultn and collagen fibres Iving between which ire spmdle
shaped and branched fusiform cells Usin,, vital stains even without foretgn protein
stimulation some of these are scen to tahe up the dye These macrophages are
mterspersed between the fibroblasts The capillaries of the growth are surrounded
by pericytes continuons with the vitaily staimng cells of the tumour No nerve
fibres are found in the gronth At the edge of the tumour and m the capsule are
condensntions of simlar macrophages Here there may also be observed unmy
ehnated fibres accompamed by Schwann cells and macrophages with which the
similar cells of the tumour seem to be continuous (Ig 54) In two tumours areas
of myxoma were present 1n the fibroma  Here vitally staining cells Jay 1in 2 mucmous
matrix  They were stellate rounded or fusiform and appeared to be macrophages
Aeurofibromata  Eight examples of this tumour were exammed They consist
of bundles of nerve fibres separated by a diffuse increase m all sheath structures
conmsting of reticulin and collagen Lying between the fibres are found cdlls of
vartous shapes some of which take up vital dses No unmyehnated nerie fibres
are present 1n this tissue as they are i normal epr pen or endo neural tissue At
the edge of the tumour the vitally staming cells of the tumour become continuous
suth the macrophages and the fibroblasts with similar cells of the endo pen neural
tissues

Lewomyomata (fibrods) Nine examples of these were € 1 They
consist of whorls of unstriped muscle fibres surrounded by reticulin and collagen
fbres and fibroblasts  Alternating with the muscle fibres and fibroblasts are found
numerous itally staimng macrophages with long processes They stain with both
methylene blue and trypan blue The capillaries of the tumour are surrounded by
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witally staming penicvtes which are i continuous sertes with the vitally stammg
cells of the tumour  No nerve fibres were found 1n the tumours (Fig 55)

Desmoid Tumour One example of this tumour was exammed The findings
were 1dentical with those of fibromata

Lypomata Twenty four specimens of hpoma or of a mixed tumour containing
hpomatons tissue were examned  As in normal fat the cclls of the ipoma are all
surrounded by - retrculin framew ork on which numerous macrophages were present
These were observed to be contmuous with the perieytes of the capillaries Agan

s _aoctuiel 1.2

Fio 56 Lobule of ipomn v tally stamed with methylene blue (X 3%0) “ote alsen o of
erve fi res

as m normal fat connective tissue septa contamning macrophages divide the lipoma
mto lobules In normal fat there can be found unmyelinated nerve fibres running
m these septa and between fat cells but these could not be observed in lipomata
(Fig 56) In fibrolpomata 1t was found that the macrophages surrounding the fat
cells were accompanted by fibroblasts and the reticulin framework had ncreased
10 amount with the addition of collagen  In an_iolipomata the capillaries and smaller
arteriolar vessels were dilated though the walls still contuned macrophages w hech

however 1n the arterioles were no longer elongated to surround the lumen as 1n
normal arterioles but of various shapes The vasomotor nerves stopped short at

the edge of the tumour
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In the basement membrane hie the vitally stmning macrophages surrounding the
acmt and on 1t other macrophage eddls  In fibro adenomata of the breast the macro

phage rells are still e valy made out around and within the disturbed acim but the
nerve fibres are not present (Fig 59)  The acim and ducts are surrounded by excess
of fibrous tissue with fibirallasts but doyoud of nunve fibres Home of the cells beyneen

w;;ﬁ/ T T oy !
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¥ra Gu  Aderoms of thyro { st wing al eoli urrounied 1y ma oph Vo ylum buv
wil utneno fibres  (Methylene biie 00}

the collagen fitwres stam vatally In ca es of ey hie change the cysts hned by glendular
epithelium are smilarly survounded by macrophage cells and by nerse §ibres in close
relationsiup (F1,, 20) In the cysts Iving mn the connective tissne and unhned by
eprthehum macrophiages are often seent at the urcumference of the eysts or in their
MUCIous contents but no nerve fibres are present
Adenomate of the Thyrod Gland. Tsschve examples of s tumour v ere ovamuned
Therr was seen & change mn the appearance of the witally staning macrophages
around the acmi which now become elongated to look Ike Shroblasts There 1s
7
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Angiomate Five examples of capillary or cavernous angioma, were examned
In the walls of the dilated vessels were found pl 1 hn on which lay
arregularly shaped sitally stanng eells (Fig 57) Ko vasomotor ners es were found
1 relationshp to the abnormal 1essels They could however be observed stopping
short at the point where the normal ves<els entered the dilated v essels of the tumour
At this pomt also the macrophages on the arteriole walls which showed a typical
arcumferential elongation in the normal vescel suddenly became irregular 1 shape
on reaching the vessels of the tumour

N AV, S O &
Fie 99 Fibro adenoma of breast Vacrophage syncytum sroun 1 compressed acinus sur
© rounded by fibtous tisau contaming no nerve fibres passmg to the ac nus  (Methylene
blue 00}

Vired Parotid Tumour Eight examples of these growths were examined In the
muecinous parts of the growths there can be secn stellate and srregularly shaped ce}llls
taking up both methylene blue and trypan blue and the muen also stams  In the
mucin are seen 1 deeply fibres The glandular epithelal
cells do not stan  Vacrophages and reticulin are seen 1n the capsule of the gtowtix
where the macrophages of the mucmnous areas merge with those of the capsule
(Fig 58) No nerve fibres are present in the growth though they may be seen 1n

g
sule
e ;‘?Iljm adenomata of Glands  4s shown above m all normal glands there lstn
plexus of unmy elinated nerve fibres with Schwann cells surrounding acim and ducts
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satally stamng cells of vanous shapes Iymg between fibroblasts reticulin and col
Jagen fibres the growths resembling fibromata  No nerve fibres were found
Lymph Nodes from Cases of Lymphatic Leukema  Src Iy mph nodes from cases
of lymphatic leuhremin were mjected with 0 08% methylene blue solution or 0 02%
trypan blue Thero was a very rapid decolounzition of the former dye and n
order to obtam stuining st was necessary to fix very mpidly  The results showed a
peneral ncrease 1n the number of staiing macrophages in the node The staimng
was no longer chiefly confined round the penphenes of the gernmnal centres as m
normal glands but the whole of the macropha_es of the node often took up the dye

Congenital Malformations

Adamantinomata Two examples were examined The irregular columns and
tangues of cells were found to he 1t a matnx of connective tissue contaiung macro
phages but no nerve fibres  Among the cells fornung, the columns were found well
marked vatally staimng stellate cells continuous by their processes to form a network
Ths 15 the stellate reticulum tvpcal of the developing enamel organ

Pigmented Flat Yeers  Seven examples of this birth mark exhibiting neither
hyperheratosis nor overgrowth of epidermal structures were etamined It was
found that the pigmented naius cells (melanoblasts) i the corum were always
1n close relationship to pigment contaming melanophores which took up methylene
blue at the same time to mve a greemsh blue appearance 1In the epidermis the
clear and Langerhans cells could be made out stuffed with melanin prgment and

PRalY
~ "’1 '
- i

- » i
!

F16 67 R ised hyperh ratot ¢ m lanoma vit ly stamed wth methyl
eno bl
i of hages lying between Lasal cell and smong pigmented ell Thick ned ep?::rzn H
nzvus ¢ M3 surroun y itally stainng m ¢ phages
n rvefib esn e p esentn the lean {x 100) © phogeastep semt ndxm o



o8 GROWTH AND IUMOUR 10RMATION

some ncrease n the reticulin and collagen around and between the acom: No nerve
fibres were found m the adenomata (Ig 60) Around the adenoma the mteracinar
connective tissue 13 condensed to form a capsule

Reratimizing Papillomata of the Semle SJin  Twelve examples were examined
In these there 15 observed a well marked staiming of the Langerhans and clear cell
layers of the thickened epidernns and of all the macrophages m the dernms (Fig 61)
The capillaries are somewhat dilated and their pericytes stun  No nerve fibres
were found m the epiderms or upper layers of the dernus though they were present
below this in the base of the growths

L . - - -
Fic 61 Hyperkeratimzed poptloma of seruls skin showmg ep derms with Lange hans ¢ 1l
yneytium but ab ence of nerve fibre  (Vethylene blue 00

Papillomata of the Rectum Three examples were obtained Agamn well marhed
wital staining of the macrophages of the t i of the emthel and
between the epithelnl cells and mn the submucosa immediately beneath was found
No nerve fibres could be seen 1n these layers though they are present in the centre
of the connective tissue of the stalk m a normal manner

Fevrter (19,3) also found Hellen Zellen 1n the same situation m both nasal and
aural polyps

 anghoneuromata Two examples of this tumour were exammed They ghowed
among the ganghion cells and axons the presence of numerous vitally staimng cells
1n the stroma among fibroblasts collagen and reticulin fibres and also vitally staning
Schwann eells in relation to the colled 1xons of the ganglhon cells

Memmgiomata  S1¢ examples were examined  In all there were found numerous
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tissues and appeared distnbuted m a normal fashion for example in periosteum and
perichondrium 1n relation to blood vessels around gland acim and below epitheha
Langerhans and clear cells were present i epidermis and hair folheles  In two
tumours nerve fibres with Schwann cells were found but the tissues did not contain
the very fine network of unmyehnated nerve fibres found n normal tissnes  The
nerve fibres were the axons of nerve cells present 1n the tumour and were not denved
from the host tissues

The findings suggest that in ibromata neurofibromatous tissve lelomyomata

desmoid tumours Iip g ta e lomata of shin and

175E
mucous surfaces and hyperheratotic pigmented nmst the over developed tissues
contam no nerve fibres but macrophages are present asin normal t1 sues The same
13 true 1n adamantimomata where col of cells ble those of normal buccal
mueoes 1n contuning a syneytinm of \itally staiming cells  In pigmented flat nov1
the macrophages and nerve supply appear normal In fibro adenomata of glands
there 15 an overgrow th of fibrous tissue devoid of nerve fibres surrounding the acim
and the basement membrane of the acim on which lie merophages and bashet cells
Inview of the above findings 1t 18 of interest to enquire nto the results of previous
workers In spite of prolonged searching I have been able to trace only one reference
to the vital staimng of bemgn tumours  Brunschwig Schmitz and Clarke (1940)
found no stamng of such tumours Pigdon (1903) however mentions the presence
of macrophages 1n the walls of anglomatous vessels
The innervatton of benign tumours has been investigated by a number of workers
Nakamoto (1926) found that the application of tar to the skin of the rabbit which
causes the detelop t of warty papill a results i deg tion of the nerves
of the epiderrus and underlying dernus  Neither NaLamoto nor Tsunoda (1927)
could see nerv es in mlignant tissue but found them m bemgn growths  Juls (1929)
m the mouse found that papillomata induced by tar painting contained no nerves
at first but if they persisted for Iong nerve fibres mayv grow mnto them The nerve
fibres which origimally ran to the surface became deflected bachwards so that small
areas of the epitbelium were denervated  Ludford (1930) found 1n the mouse that
tar panting leading to papilloma formation m the glan destroved the sub epithehal
nerve plexus with 1ts free nerve endings terminating among the epidermal cells
but resulted 1n a constderable increase in the number of nerves i the dermis  Around
the margins of the tuniour there was often found an mtense proliferation of nerves
believed to be due to regenerative activity following the destructive action of the
tar upon the more superficial nerves Such an meretse 1n the number of nerve
fibres in the dermis was not found after long continued scamfieation In large
pigmented hyperheratotic rased nwev1 Soldan (1899) and Masson (1926) stressed
the ewstence of local neurofibromatous changes n the adjacent tissue  Wills
(1948) describes the presence of nervous tissue in four fifths of all benign teratomata
but the nervous tissue formed part of the tumour itself and was not derived from the
host  Nicholson (1937) however described the skin of a dermoid as being mnervated
from the host
Thus m regard to shin papillomata the majority of workers have reached the
same conclusion as the author namely that such benign tumours are devoid of nerve




100 GROWTH AND TUMOUR TOPMATION

are ey en wore pigmented than the rest of the epidermal cells  They also stam with
methylene blue The nervo supply of epiderms and dermis was normal and no trace
of neurofibromatous was found ~ An interesting observation was that m several
places uptako of melanin had occurred in the Schwann cells of the corum showing
their macrophage nature N

Hyperleratotic (rarsed) Hawry Prigmented Neews  Tnve cases of pigmented nzv
were exammned 1n which the epidermis was enormously thickened and deeply pig

Fic 63 Edge of rawsed hyperkeratotic melanoma of shin on right with normal skin on left
showing a lea b of nerve fibres apparently des iated from t! ¢ melanoma which contans no
nerve fibre  Same specimen as Fig 67 (Methylene blue » 100)

mented with or without excess of hair follicles and glands and with some degreo of
angiomatous formation of the vessels beneath In two evxamples numerous mig
mented nwevus cells were present in the corrum  In three others only a few such
cells could be made out Large numbers of vitally staimng enlarged and rounded
cells were found througt the thickened epid and 1n the basal Javer corres
ponding to the Langerhans and clear cells of the normal eprdermus (Fig 62) Macro
phages were present mn the walls of the dilated vessels Mo merie fibres uere made
out 1n the eprdermus or 1n the walls of dilated ressels W hile no nerves could be made
out 1n the nevus or beneath 1t yet fo one side of the growth were one or more abnor
mally large bundles of nervo fibres accompanied by Schwann cells and macrophages
running up to the emdermis otitstde the nevoid area (Fi, 63) Tlisshoned excessive
development of the reticulin and collagen of 1ts sheath

Bemgn Teratomata  Four examples of benign teratomata were exammed It
was found that macrophages were pre<ent throughout the various constituent
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The phenomena of mflammation differ from the mere collectton of polymorph
and lymphocste cells locally m a tissue  Inflammation 15 a co ordinated response
of the tissucs imyols g a neryous reflex and including local snereased vital staiming
of macrophages increased capillary permeabihity dhapedesis from the v essels arteriolar
vaso dilatation cedema the collection of leucocytes and later healing and reparative
processes  Inflammation 13 the result of local cell damage (sce Burrows) and m normal
tissues may oceur 1n response to mjury of any kind around an area of necrosis and
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cell degeneration or m the re_jon of hxmorrhage X wrradiation of a tissue also
produces a sumtlar change  Since neither macrophages nor nerve fibres appear to
exist in mahgnant tissue 1t 18 of mterest to enquire as to whether inflammation occurs
1n the substance of such tissue 1n response to thowe mfluences which give rise to 1n
flammation 1 normal tissue including trauma chemical irritation bacterial mfec
tion necrosis and haemorrhage The author found that if the highly mtant sub
stance mustard o1l 15 dabbed on to a fungating sarcoma or cellular careinoma of the
breast 1t does not lead to mflammation and causes no obvious change in vaseulanty
or temperature Vhen the irmtated mahgnant tissue was removed tw enty four
hours later 1t showed no inflammatory changes but only necrosis In addition
sections of many different ty pes of malignant tumour which had either ulcerated to
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supply in the area of oy ergrow th of eprdermis and has e remarhed on the abnormahty
1n the mnervation of raised prgmented nev1

Chnieal Observations on the Existence of Nerve Fibres mm Maligpant Tissue and
Bemign Tumours and on the Response of Such Tumours to Trauma Infection
Hemarrhage and Necrosts

Climeally sarcomata malignant melanoniata and cellular carcinomatons tumour
tissue appears to posse s no pam senstbility  This obsersation can easily be verified
on fungating mahignant tumours  The author has frequently apphed pamnfal stumub
such as pm prich pressure wnd pmelmg and even removing tissue for biopsy with
out using an anesthetic and without any sort of pun being apprecrated m such tissue
Agam when applied to the shin or mucosa or expo-ed normal deeper somatic tissues,
mustard ol produces mtense redness tmgling and pam, but 1s quite unapprecated
when applied to a fungating sxrcoma or cellular caremoma unless absorption occurs
when the normally induced responses ncluding pamn are obeerved 1n the tissues
surrounding the tumour but not m the tumour itself
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the surface or mto the ahmentary tract and thus were exposed to triuma or infec
fion or which contained areas of humorrhage or necross m the substance of the
tumour were exammed microscopreally for evidence of mflammatory response It
18 necessary to distingmsh {a) sarcomata (b) melanomatn {c) very cellular earcine
matous growths m which large columns or sheets of tumour cells occur in close
apposiion to one wnother without bands of normal connective tissue Iy ing betw een
the cells and (d) carcmomatous growths in which the tumour cells are sparse and
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surrounded by the normal connectrte tisaue of the mvaded organ such as a seirrhous
caremoma or in which tumour tissue 1s intersected by bands of norma) connectine
tissue  In spindle round cell or osteogenic sarcomata or in malignant melanomata
surface ulceration with infection or hemorrhage or necrosts within the tumour
produce no evidence whitsoever of any mflammatory reaction on the part of the
intact tumour tissue (Figs 64-08) Trauma and nfection lead to necrosis of the
tumour tissue only  There is no attempt at repur as m normal tispe  In very
cellular ¢ iremomatous grow ths in which large areas of carcinoma cells are found with
httle stroma agaim no esidence of any reiction on the part of the tumour to ;Tumn

nfection necrosis or hemorrhage 18 found (Fi3 68) Trauma and mfection i c\ntsa
eause necrosis without evidence of reparr In seirrhous earcinomata or cf;urcmo;x: a
with large amounts of host stroma micetion Jeads to evidence of nflammatory
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eight seconds 1n the sy mmetrical side on the normal limb  The capillary pulse was
almost absent 1n the nevus but normal in the corresponding area of the normal imb
The blood sessels 1 the nevus in appropriate conditions appeared to dilate more
rapidly and to a greater extent thaninnormal arcas  This suggests that the disturbed
vasomotor reactions are due to lack of nervous vasoconstnctor tone

When ulcerated or traumatized bemngn tumours exhibit not only inflammatory
reactions but are 1n fact more liable to such reactions than normal tissue  These
reactions are exaggerated and the tissues then have a tendency to mucoid degenera
tion  Ulcerated fibromata exhibit ty preal inflammtory changes (Fig 69) Lipomata
likew: e tend to show mflinmatory changes and areas of polymorph mfiltration
@dema and vasodilatation are frequently descmbed between the fat cells  When
washed with soap which has no sable effect on normal skin 1 have repeatedly
observed that hy perheratotic angiomat become mnflamed and show eczematous or
peorntic lezions The tissues of a decper situated angioma may also show mnflamma
tory responses Onremoval papillomata histologically often exhibit areas of inflam
mation  Utenne fibroids are well known to have a tendency to inflammation and
even pus formation (I wing 1940 Willis 1848) m the absence of any orgamsms
Ganghoneuromata frequently fhow collections of leucocytes (Willis)  The strom= of
a rodent nlcer also shows normal mfl orv changes  Ad ata of the thyroid
TIiken1so are well hnown to exlubit areas of inflammatory change

To summarnze chmeal experimental and histological evidence appears to show
that no nerves are present 1 either mahgnant or bemgn tumour tissue In flat
melanomata they appear to be present i a normal manner In cellular mahgnant
tissue functiomng macrophages are not present though they are often collected
around the edge of such tumours  Such tissue shows none of the features of wflam
matory response to agencies whieh ¢ xaite these 1n normal tissues  In bemgn tumours
macrophages are present and there 13 an excesune tendeney to and exaggeration
of the changes constituting inflammation 1o response to noxa

Observations on the Truple m P i Condut

When almost any agent whether chemical physical or radiation acts muldly
on the shin 1t produces the triple responce of Lews (1927)  Thus includes capillary
vasodilatation with 1ncreased permeability and filtration of plasma contents into
the affected areas There 1s also a local artertolar vasodilatation dependent on the
ntegnty of the posterior nerve root fibres evidently the C fibres of the shin At
the same time histamine or H sub tance 1s liberated  More prolonged action of the
noxa causes mflimmation The triple response 1s only an abbrevtated or frac
tionated form of the phenomena of inflammation

The wnter carried out a number of experiments on ehoting the triple response
of the skan in different pathological conditions  This was done by dragging the pomnt
of a needle along the shin with varying degrees of pressure  In normal subjects such
a procedure even with slight pressure causes a triple response which lasts five to
ten ounutes The same experiment was carried out 1 the anesthetic skin 1mme
deately surrounding a parnless trophic sore of the foot 1n three advanced cases of tabes
dorealis and m a sumlar situation 1 a case of complete traumatic section of the
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response In the connectiie tissue stroma of the imyaded organ dniding the small
colleetions of tumour cells from one another  The satme 15 obeerved 1 the conneetive
tissue between the columns of cells constituting a rodent ulcer It seems that tamour
tissue as opposed to normal tissue does not exhibit the phenomen of mnflammation m
response to mjury

Turning to benign tumours 1t 15 easy to confirm that the application of stimult
panful i normal tissues such as pmehing or pricking to papillomata of the shin or
hy perherttotic (rused) pgmented hairy naest (in which pulling on the hairs 1s often
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not felt) 18 completely unappreaated Clmically the vessels of anglomata or the
angiomatous element m other tumours show certair abnormal reactions Changes
in the circulation affect both their size and colour  In this respect I aignel Lavastine
and Tinel (1920} and also Matna (19.5) desemibe two cases of extensive port wine
nevus int ol ing the nech side of the thorax and upper rmb on one side  Jn Lagnel

Lavastine and Tinel s pattent on Ifting the arms the nevus emptred of blood and
the skan became almost normal in colour while the shan on the opposite arm blanched

\When the arms were now hun, by the side the nayus attuned its full port w |fnc
colour m five to eight seconds while the shin on the normal side did not (!lla sui (;r
fifteen to twenty seconds I ressure on normal shin and on the nayus caused a w! "t;
spot which drappeared n three to four seconds mn the na oid area and mn seven



PART II
THE ROLE OF MACROPHAGES IN NORMAL TISSUES

CHAPTFR V

THE CONTROL OF FEEDING AND EXCRETION OF OTHER BODY CELLS BY
THE CELLS OF THE RETICULO ENDOTHELIAL SYSTEM

W e have shown that all the cells of the multicellular vertebrate body hie in contact
with and are surrounded by reticulin with attendant reticulo endothelial cells  The
reticulin of epithelia and glandular tissue 1s observable as the basement membranes
m which the epithelial cells are embedded  that of muscle cells as the sarcolemma
that of penipheral nerve cells as the neunlemma and capsular membrane  and that
of cartilage and bone cells as the perichondrium and pertosteum  Each membrane
has attendant macrophage cells respectively interstitial and basket cells myocytes
Schwann and satellite cclls perichondrial and periosteil macrophages The active
cells of the appropmate tissues are further divided from the blood 1n the capillanes
bv the capillary wall withits attendant penicytes (macrophages) The acim of glands
and their ducts are surrounded by connectise tissue which brings the blood capy
laties with their perievtes {macrophages) and nerve fibres accompamed by Schwann
cells 1nto close relationsup with the b \i and 1ts macro
phages (!  myo epithehal or basket colls) The gland epithehal cells are divided
from therr foodstuffs m the blood by the capillary wall and 1ts pericytes the inter
stitial and basket cells on the basement membrane Through these macrophage
retieubn structures all nutrient hormonal and neurohormonal substances reach the
acinar and duct cells from the blood and tissue fluds  The same relationships are
seen 1n epithelia and 1n muscle where the k T sar with
attendant macrophages divides the cells from the capillaries surmnnded by pericytes
Cartilage cells draw therr nutrient substances from the blood by way of the pen
chondrium formed of reticulin on which lies a macrophage syncytmm a structure
essential for the health of the lage The and serve a
simlar function n bone and are hkewrse eaventlal for 1ts continued existence
Fibroblasts everywhere asm the nerve sheaths tendon and collagenous tissue are
normally d The reticulin neunlemmal and
ganghon cell sheath and the satellite and Schwann cell macrophages divide the
peripheral and autonome ganghon cells and their axons from the blood i the
capillaries surrounded by thetr pertey tes In the central nervous system the mucroghal
cells 1ving on the ghal fibres serve a functlon correspondmg to that of satellite and
Schwann cells and the h on't s Inthe L

tissues fat spleen liver pumeal parathyroid anteror pituttary ete the paren‘chyma.
10
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seiatic nerve It was found that however hard the pont of the needle was applied
1t was impossible to obtain anv evidence of the triple respone in these areas though
the response could be readily obtained i areas where pamn senstbility was normal

In a case of scleroderma  en bande’ affecting the trunk the same procedure was
carned out with the point of the pin being dragged across from normal to sclero
dermatous skin and then again to normal  While a brisk response was obtamable
m the normal shin 1t was markedly reduced or almost unobtamable in the sclero
dermatous area The same was found m the shin affected by alopecia areala
Failure of ‘rewctive hyperemia  to occur mn such shin 1s @ well recogmzed feature
of this condition

Tn the anwesthetic shin of severil recently heiled eases of ophthalmic herpes
zoster the same procedure led to a violent response persisting for several hours and
m some cases ths was folloved by the appearance of herpetic blobs  The corre
spondmg skin on the normal side gave a normal response

Intwo cases of central pain 1n the opposite half of the body tollowing cerebral
thromt of one h here the skin on the pamful sde was hotter and redder
than on the normal whch 18 the usual finding A violent and widespread trple
response was eliaited on the punful side with great ease and merels by lhghtly
touching the part

Below the level of a transterse lesion of the cord sumilar gross exaggeration of the
trple response occurs  In a case of fracture of the fifth dorsal vertebra with complete
paraplegra of recent onset the effect of drigging the needle along the skin from
above to below the level of the lesion was compared Above 1t produced the normal
response  Below there was a gross exaggeration which penststed for hours Xresbreh
(1927) records that 1n a case of cord compression by a meningeal tumour the effect
of drawing a blunt object along the skin above and below the upper level of the
sensory loss was different  Above 1t caused an indrstinet response  below 1t resulted
m a sharply demarcated response reaching m a mmute to a ‘breadth of 6 cm lasting
half an hour and being produced by a highter stimulus  Irradiation of the meninge!
tumour caused the difference 1n the responses abose and below the lesion to dsappear

It seems therefore that lestons of the central nervous system or perpheral
nerves must 1n some way control the response of the tissues to noxious mnfluence
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Tavlor 19.0) Thus 1t appears that the phagocytic activity of the pericytes may in
part control the ext of substances from the plasma through the capillary walls and
therr access to body cells  The control of filtration through the renal glomerular
capillanies would seem likew: e to ressde m part mn the pericvtes surrounding these
structures

Once out of the eapillaries and in the tissue fluids physiologieal or abnormal
colloids are taken up by the functiontng macrophages of the tissues lying i relation
to glandular epithelal fibroblast cartilige bone and musele cells or nerve cells and
fibres and 1nterposed between the blood 1n the capillaries and such cells The ad
sorbed substances ¢an be tran-ferred from one part of the macrophage syney tium to
another and thence to the other cells of the body trssues B njection of acidic or
Dbasic vital dyves directly into the tissues of adult iving ammals unless the cella are
damaged 1t 13 almost 1mpossible to stam the parenchyma or epithehal cells of the
tissues as the dye s first taken up by the macrophages and even then the staimng 1s
very capricious (Bolles Lee 1940) It seems that the normal method by which
arrculating substances are taken up by an organ from the tissue fluids 1s by being con
centrated m non specific fasion by the macrophages of the tisues interposed
between the blood and parenchyma musele epithehal and nerve cells and subse
quent transfer to the latter

It was seen m Chapter I that a non speeific stimulus to or actrvty of a tissue
results i ncreased phagoevtie activity by its contaned macrophages and those
macrophages presiously not phagocs tic may become so  As a result both abnormal
and physiologieal substances including food substrates present in the circulating
flmds collect m increased amounts 1n and around the macrophages of the stimulated
tissue and thus mn the neighbourhood and at the disposal of the activated glandular
epithelinl and parenchyma cells of the organ It was also shown that in advanced
ca es of tabes the macrophages disappear in the denervated tissues One of the
features of this disease 15 the marhed tissue wasting (tabes = wasting) Agam 1n
the tissues affected by sclerod I h are scarce  The t1 sues
agam exhubit marked wasting It scems ble to lude that the i 2
macrophages of the various tissues serve to abstract and concentrate circulating food
substrates hormones particles and cells from the body fluds and to pass them to
the other cells of the body  They are local resery oirs of metabolic substrates  Tissue
culture experiments have shown that the growth and division of normal cells 13
dependent on therr food supply Thus by varations n their phagoeytic activity
the macrophages may largely control the feeding and metabohe processes and so
the growth of the other cells of the tissues Dimmution m such activity appears to
lead to cell and tissue wasting and mcrease to eell growth and division A stimulus
of almost any land mcreases the phagocvtic actinity of the macrophages of a tissue
and <o the foodstuffs brought to its cells therr metabohe processes and therr rate of
growth and division

Such conclusions as to the trophic function of macrophages for other cells
correspond to that described for these cells 1n tissue eultures by Carrel (1922)
He showed that macrophages take up protemns from serum and the nitrogenous
matenal of lving or dead cells and transform them mto food which they bring to
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cells are enclosed in a reticulin framework on which lies the syneytium of reticulo
endothehal cells and which drdes the parenchyma cells from the blood in the
capillaries with therr surrounding pericytes  The cells of the epidernus are alse
enclosed 1n a macrophage syneytium  Tybroblasts the interstitial cells of the testis
the odontoblasts and the eclls of the 1slets of Langerhans are likenise always asso
cated with and surrounded by macrophages and divided from the blood by capillan
pencytes  Thus ali chemical exchange between blood and body cells must take
place across this macrophage barrier  The macrophage syney trum would appear to
be situnted in & position to contro) the chemical exchange of other cells
Lectthin and other phosphohpids are lyoplul amphotene substances with an
150 electric point about the same as the pH of the plasmy  They emulsify colloids
Combinations of phospholipids such as lecithin with protems fats and fatty acds
carbohy drates mositol glycosides enzymes cholesterol digrtoman and other sterols
bile salts creatine and creatimne urea lactates quaternary ammomum bases basic
and acidic dyes and metallic s2lts pyridme quinohine aikaloids such as qumme
atropme caffene strychmine ete and other substances readdy form as compleses
(Vatteoff 1951 Deuel 1955) It appears that many phystological substances
such as fats carbohydrates protems sterols eto are transported in the blood and
tissue fluds as such phosphohpd complexes Turthermore many abnormal sub
stances such as dyes metallic rons alkalords etc when taken mnto the body abo
become adsorbed on phosphohpid protemn complexes m the plasma  Such complexes
are hydrophilic and swell up to form gelatinous transparent masses
In Chapter I we have seen that when present in the blood and tissue fimds all

substances whether physiologial or abnormal bastc or aeidic collordal or partreu
hite cellular or phospholipid complexes with fats carbohydrates sterols protens
and hormones (usually sterols or protems) become adsorbed on to and concentrated
by the actize macrophages of the tissues Ve have also seen that many substances
taken up by the macrophages arc passed on to the other body cells Many of the
Toupffer cells of the hiver {Sternzellen) are suspended in the circulating blood where
they can take up substances from 1t and by means of therr syneytium can transfer
them to parenchyma or gland cells  Substances absorbed from the gut and passmg
nto the portal airenlation are taken up by the hupfer cells and passed to the hiver
parenchymt cells m this way  Smularly towe substances dyes or bacterr: mnjected
or otherwise mtroduced mto a tissue such as the hand pass by way of lvmph veesels
to the drainmng lymphoid tissue and are stramed off by the macrophages of the
Ivmph nodes  The same fitering off of bacteria dyes and phospholipids from the
circulation ss observed mn the macrophages of the spleen  The pericy tes are situated
1 relation to the blood 1n a manner simular to the reticulo endothehal hupffer cells
and httoral macrophages of other organs When stimulated the pericyvtes {macro
phages) around the capillarres must attract substances from the plasma through the
capillary wall In fact the vanations i calibre of the capillanes and outflow of
plasma and its contamed food substances from the blood into the tissues which
accompany changes m pH anoxia noxious agents adrenalme and the application
of varieus stimuli have been thought to result from a modification m the functional
state of the pericytes (sce V olterra 1925 Volterra and Schupfer 1934 Best and



FUNCTION OF RFTICUTO FNDOTHEITAL CEITS 113

flat moles the melanoblast or melanocyte cells are found n the underlying corum
s the dopn positive fo ealled  nweius  cells  In or about these cell clusters are
ob erved pigmented dopa negatine ph
which have tahen up the pigment By methslene blue staining the nwexus cells are
ob erved to be everywhere i elose relationship to vitally staiming macrophages
the clear and Langerhans cells of the epidermis and the Schwann cells also take up
the pigment and dve

It 13 well recognized that macropha es collect 1n relation to damaged cells and
engulf and tahe up the débrs of such cells  They alko take up dimaged red and
white blood corpuscles and dispose of their waste products  In insects they take up
urates and other substances and are concerned in their exeretion (see Wigglesworth)
The activity of tissue cells hiberates metabolites such as istamine lactie acid and
carbonic acid locally and these will likew: e be taken up by all absorbing attendant
macrophages of the active cells The metabolites dilate the capillaries (Schmudt
100} and we have seen that such dilator actions are probably due to an imtial
effect on the pericytes (Volterra and Schupfer) The macrophages appear to play an
actie part an remoring the products of metabolism from nerghbouring cells and so
lovering their concentration both around and wilan other body cells The pen
chondnal and periosteal macrophages would reem to subserve an essential role
removing the bol drobl

zes (melanoph or mel )

es of the ch asta and bone cells as these membranes
are the only pathways of exeretion of the cells impnsoned in the sohd structures
Macrophages therefore would seem to plav a part in delaving the fatigue of cells
which 13 1 garded as ted with the lation of metabolites
Such deductions would explain why the actiuity of a tisue stimulates the local
macrophages and mereases vital staiming and why the degree of vital staming in the
reticulo-endothehal cella of a tissue 13 proportional to the metabolism of the tissne

That the removal of H COy ete from active cells and their excretion 1s part
of the function of macrophages appears to be shown by the large collection of macro
phages m the als eoli of the lungs and the great increase 1n their number and passage
mto the alveolar apaces in conditions of heart failure when H CO, tends to accumu
late in the tissues It might be supposed that these cells are 1n fact concerned in
the transport of H CO, from active cells and 1ts passage into the alveolarair Vachlin
(1924) concludes that there 13 a thin mucoid film contaimng aad muco poly
sacchartdes and Iipids over the alyeolar walls of the lungs probably the secretion of
the macrophages He also considers the control of (O, and O exchanges i lung
alveol 13 through these macrophages and their secretion  He thunks they facilitate
gaseous exchan, e

Hypertrophy (Hyperplasia) and Atrophy

Activity of & tissue results in a stimulation of the phagocytie activity of the local
macrophages The latter will thus tahe up more food substrates from the tissue
fluids and so the feeding of the cells of the organ will be inereased and the cells grow
This would seem to be the explanation of the so called work hypertrophy  Disuse
atrophy 13 also readily explained If the action of a mild stumulus to a tissue 1s pro
longed 3t results m a stimulation of the growth of the tissues known as hypertrophy

r s
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fixed tisue cells Tt function of reticnlo-endothelal cells mght he deertbed as
op~omie that 1> prepaning food for eating It corre~ponds to the function which
Schwann cell> are generllv con.idered to sub-erve 1a relation to nerve fibres 4
nerve fibre 15 supphed br Schwann cells throughont its lensth It seems unable to
function or even ex: t 1 the absence of such macrophage cells  The Schwann cells
servea trophic  function in relation to the axons of ganghon cells and the snalo-
gous capsule or satellite cells in relation to the ganglion cell bodien The same
trophie function of the macrophage svacvtiam 1s <een m the penichondnum and
peno~teum in relation to the ertlage and bone cell. whch depend for therr mtesnty
on the covenng membrane b

The Uptake of Locally Applied or ted Sub by the M. h of Tiesues

The uptake of <ub~twnces b the retienlo-endothebal cells occurs whether the
sub tance 1> 1n the crculation or adoum-tered by mjection or by apphicition to the
skin or epithehal surface  This was <hown to be true for vital dves m Chapter IT
If thorotrast 1~ introduced 1uto the duct< of the mammary glands (C 1937}
or pvrrol blee into tho-e of the calivart gland {Staudacher Dalle * >
1947) or 1f Chane~e ik 1> brought inte contact with the tor
1044) or fat with the hnmg of the small mntestine (Leach
on the ba~ement membrane micrate to the eprthehal s
matenal and retraver<e the epithehum and retum to
busement membrane Thisis known as  hustioest
draw~ attention to the evidence that drugs app

mter<titial  cefl. which appeir to be macrop
adsorbed bt microphages such as sterol or
hsing orcan from the bodt of an anmual thev
The. can be ob erved in the 1olated himing
atropine digitals ete  are applied to the s
adsorbed on to macropha.es ma later re

The Uptake and Removal of the =

endothelial Cells

ot onlv do the all absorbing loc
lating ub tanees and pass them te
nerve or ganglon celis but alo the
thewe parenchivma cells mu.t be taker
Thas 15 well ~een m the prtuicvtes of
endothehal cells full of the protem
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flat moles the melanoblast or melanocyte cells are found n the underlving conum
a9 the dopa poutive so called nevus cells In or about these cell clusters are
observed pigmented dopa negatne pl (mel } or melanoph )
which have tahen up the pigment By methylene blue stainng the nevus cells are
observed to be evervwhere 1n close relation hup to vitally stumng macrophages
the clear and Langerhans cells of the eprdermis and the Schwann cells al<o take up
the pgment and dve

1t 13 well recogmzed that macrophages collect in relation to damnged cells and
engulf and take up the debns of such cells Theyv also take up damaged red and
white blood corpuscles and dispose of their waste products  In insects they take up
urates and other substances and are concerned 1n their excretion ( ee Wigglesworth)
The actinity of tissue cells hberates metabolites such as histamine lactic aad and
carboruc acid locally and these will hikewise be tahen up by all absorbing attendant
macrophages of the active cells The metabolites dilate the capillanes (Schmdt
19,0} and we have seen that such dilator actions are probably due to an imtal
effect on the penicvtes (V olterra and Schupfer) The macrophages appear to play an
actire part wn removing the products of metabolism from neighbouring cells and z0
lowening their concentration both around and wrlin otker body cells The pen
chondnal and peniosteal macrophages would seem to subserve an essential role m
removing the Lolites of the chondrobl: and bone cells ag the<e membranes
are the onlv pathways of excretion of the cells umpn oned mn the solid structures
Macrophages therefore would seem to play a part m delaying the fatigue of cells
which 1s generally ded as d with the 1on of bol.
Such deductions would explain why the actiuats of a tiwue strmulates the local
macrophages and ncreases vital staiming and why the degree of vital staiming 1n the
reticulo-endothelal cells of a tissue 13 proportional to the metabolism of the tisue

That the removal of H CO, ete from active cells and their excretion 1s part
of the function of macrophages appears to be shown by the large collection of macro
phages in the alveol of the lungs and the great increase 1n their number and passage
1nto the alveolar spaces in conditions of heart falure when H €O, tends to accumu
late n the tissnes It might be supposed that these cells are 1 fact concerned in
the transport of H CO, from active cells and 1ts passage nto the alveolar air Vlackhin
{1921} concludes that there 15 a thin mucoid film containing acid muco poly
sacchandes and Lipids over the alveolar walls of the lungs probably the secretion of
the macrophages He also considers the control of CO and O, exchanges in lung
alveols 13 through these macrophages and therr secretion  He thinls thev facilitate
gaseous exchange

Hypertrophy (Hyperplasia) and Atrophy

Activity of a tissue results n a stimulation of the phagocvtic actisity of the local
macrophages The latter wall thus take up more food substrates from the tissue
fluds and so the feeding of the cells of the organ will be nereased and the cells grow
This would seem to be the explanation of the so called work hypertrophy  Disuse
atrophy 15 also readily explamed If the action of & mild strmulus to a tissue 15 pro
longed 1t results 1n a stimulation of the growth of the tissues known as kypertrophy

Ty s
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(huperplasia) Thus constant shght local stimulation of the shm by pressure causes
an excessive gronth of the shin including 1ts appendages resulting 1n the formation
of callosities with excessively large glands  Simularly pressure over the perntostenm
leads to inereased subperosteal bone formation beneath the site Loeb (1908)
discovered that during the development of the corpora lutea of the non pregnant
guinea pig aseptic mechanteal stimulation of the utenne mucosi by means of a
glass bead or thread which causes « marked merease i the number of funetionmg
macrophages resulted in the grow th and differentiation of a small mass of decrdual
t1ssuo (derduoma) at the pont of stimulation It has been shown that, when acting
on the tissues of the body very many nfluences or strmult result 1n an merease m
phagoes tic actruty of the local reticulo endothehal cells as shown by an mcrease
in their vital staming At the same time 1n the shin there 13 observable the triple
response It seems probable therefore that & mild local stimulus 1ncluding pressure
causes hyperplaste because 1t mereases Jocal macrophage actrsity and thus the food
supply of the growing cells An important feature of hyperplasia 15 that the over
growth of tissues disippears when the stimulus cansing 1t 1s removed  In thisat
differs from berugn tumour formation

Apart from a major or minor injury  the tissues of the body are constantly stimu
lated or minimally mjured dunng normal hiving processes for example the epidermns
alimentary tract mucosa and jomt surfaces and normally shght reparative or
regenerative processes are m progress 1n all tissues throughout ife  In other words
regenerating mfluences seem to be constantly at work in all tissues and 1n view of
the above deductions presumably result from local stimulation of macrophages by
shght noxa or activity of tissues

M h and tbe Ph of I

Dunng the develop t of nfl there occur capillary dilatation m
creased permeabulity of their walls and escape of the plisma contents leading to
cedema The vessel walls become sticky and lencocytes adhere to them and pass
mnto the tissue spaces A burning pam is felt  The vascular changes including
hyperzema capillary stass and diapedests are but part of the phenomena of inflym
mation many of the features of which 1n expenimental condrtions may occur without
arterral hypersemua or capillary dilatation and the basic features of mfivmmition
are found in avasculir tissues such as the cormea  Inflammation 1s followed by
regeneratny e processes but where one ends and the other begins 1s mmpossibie to
define

The phenomena of mflammation have recently been considered by Robb Smuth
(1957) ho pomnts out that inflammation s not prevented by antihistamines <o that
release of histamme 1n the tissues by the noxious agent cannot be the imtial distur
bance 1n producing the phenomens as was once thought A whole range of poly
peptides can be ssolited from autolyzing tissue or tryptic digests of plasma proteins
and produce some of the phenomena of mflammation when applied to tissues
\lany other vacodilator substances can be extracted from wflammatory lesions and
plasma wnd liberation of these 1n the tissues has been clumed as the mitial disturbance
giving nse to inflammation  These obseriations gre howsier based on wn tire
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experiments and hay e not proved convinemng,  Robb Smuth sucgests that the pnmary
disturbance 18 the degranulttion of the mast cells which contan hepann histamine
and 5 hydroxy tryptamme Theso substances are iberated and may perhaps produce
n change n the ground substance of connective tissue which becomes more flud
Changes in the capillirics follow  There are however objections to this theory
Ve havo seen that the triple response 1s but an abbreviated or fractionated form
of the phenomena of inflammation  The primary and essential feature leading to
mflammatory change 15 damage to haing cells (sco Burrows 1032)  Inflammation
18 & response of the supporting tissues  All normal tissues contamn macrophages
some of wlich are present as capillary pericytes Novxious aents chemrcals and
bactern which produee inflammation are first taken up and act on the macrophages
1n the tissues It has been mentioned already that dilatation of capillanes which
accompanies inflammation with its increase m their permeability and the outflow
of their plasma contents mnto the tissue spaces i response to a stimulus 1s dependent
at least 1n part on altered function of the periey tes (3 olterra and Schupfer) and there
13 every reason to suppose that the same ) operates m 1nfl
Furthermore we have scen that the triple responso and wflammation only occur 1
tissues containing macrophages and may develop if these are the only cells present
This 1s observed normally in the substantia propria of the cornea mn which the only
Living cells present to be damaged are the corneal corpuscles or macrophages and
mast cells are absent and in the epidernus where the only supporting tissues
found are also macrophages Again 1n the centre of mali_nant tumours including
sarcomata 1 a and cellular car no h are present and
factors which 1n normal tissues would lead to mflammation cause no such response
Also 1n anmsthetic areas of tabes where nerve fibres are degenerated and few or no
macrophages are found noxious influences do not produce either the triple response
orinflammation but are followed by neerosis It seems probable therefure that the
essential and snitial step resulfing an th of 18 disturbance of the

macrophages including the pericytes nfa tissue
In the cytoplz\sm of macrophages there are usually found lyophil phospholipid
protein ¢ ds and also histamme and anttbodies probably

tal\en up from other cells which liberate them The phospholipid complexes readily
take up water and salts and swell Normally vital staming by macrophages does not
occur 1f the cytoplasm of the cells contains many phospholipid droplets We have
also seen that the action of any kind of noxious stimutus ncluding chemical on a
normal tissue  whether sufficient or not to give rse to obvious phenomena of
13 d by d phagoey tic actrvity by macrophages and
ncreased vital staning and also by the hberation of istamine in the tissues  Thus
any noxious stimulus to a tissue not only mcreases the phagoeytie activity of macro
phages and therr uptake of arculating substances but also appears to displace
Iyophi! phospholipids and histamme from their eytoplasm nto the tissue spaces
This must result m local imbibition of flurd and other substances with swelling of the
tissues stichuness of the vessel walls and attraction of leucocytes to the phospholypd
complexes which seem to be the normal foodstuffs of most cells Theactasated macro
Phageswillnowmgestthecell deb d wasteproducts and also bring further

!
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tothelocal cellsand merease therr metaholism  They concentrate antibodies and bring
them to bear on the adsorbed antigenie substances It should follow that the ease
with which the triple respons<e can be elicited 1 4 test for the ease with which the
macrophages can be made to liherate thew contamed phospholyds and histamine
Any hand of noxtous strmulus to a tissue acts on 1ts macrophages and leads to ncrease
m all metabolie processes m the local cells with mereased formation of their speetfic
products cell growth and dnasion  When the stimulus or the response 13 excesaine
the changes produced merge into those of inflammation which thus occurs
accidentally and not teleologically  Tlus process would go on indefimtely unless
mnbited by hormonai and nery ous mechamisms which wilf be conaidercd shortly

The “ Sensory ” Function of the Macrophage Syueyfium

A smalt myury to the shim mucosa or deep tissues 15 follow ed by an area of tender
ness and 1ncreased sensitivity to other noxious and thermal stimult spreading for
a vanabl distance m all directions It begins mithin a few seconds and lasts for
hours or days according to the seventy of the mjury  The pam is diffuse mntense
and projonged usually with a hot or cold element and occurs both spontaneonsly
or on stimulation but the pam threshold 1s lowered only shightly  Lewis (1942)
thought tlus phenomenon was due to stimwlation of a speaific set of nerves (noet
fensor nerves) 1 the tissues qute distinet from the pamn fibres and stimulated
directly by the injurious agent These are not sy mpathetic as the phenomenon 13
seen 1n tissues deprited of sy mpathetic innervation  The sensation 1s hittle affected
by cocune but 1s abohished by 1schema whereas the reverse 19 true of other pamn
sensations This suggests that pun nerve fibres are not drrecthy responsible for the
phenomenon

Macrophages form a syncytrum 1n the skin and other tissues and usually ke m
relation to unmyehnated and speciahized sensory nerie endings and end organs
Almost any novions stimulus to o tissue stimnlates the retrculo endothelial cells and
ncreases vital stammng and phagocytosis over a varmable arer depending on the
geventy of the shmulus The effect of a stimulus to a part of the macrophage
syneytium spreads to other parts  The increased phagocytic actnvity of the macro
phages of a tissue must affect the metabolism of 2l nerve endings, including those
subserving temperature and touch  Vile the stunulating effect of a noxa on the
macrophage syncsy tium persists the affected tissue would be expected to show an
ncreased sensitinaty to all other noxious and thermal stimult  The reticulo endo
thelial cells of tissues ®ould seem to serve as a kind of <ensory end organ  They may
indeed constitute the nocifensor svstem of Lewts  Clark and Clark (1910) have also
suggested that the pencytes which e stimulated by sanous external mncluding
chemreil influences are chemo receptors  Feyrter and hus school hhewise mooted
the possibility of a sensory function of the Hellen Zellen (Buchner 1944 Frohlich

1949)
General Effects of Noxa on the Body

Activity of a tissue leads to 2 local increase 1n the phagoey tic achvity of macro
phages  This will tend to result 1 a Jocalzatton of eirculating substances or
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orgamsms m the active tissue Just as 1t does in inflamed tissue  Thus can be
expluned the predilection of the virus of poliomyelitis for the active neurones
the cord and the cheef effect of sy plults on the nervous system in bram worhers and
on the bods tissues m manual worhers

The introduction of toxms protemns or infectrso agents into the body has been
seen 1 Chapter I to cauce a general stimul of b activity through
the body This of course inereases the metabolic actisity of all tissues and explains
the tendenes for non speetfic inflammatory changes in tissues for example arthntis
nephritis myocarditis myositis and dermatitis after many intouications and the
merevsed rate of growth of hair nails bones ete seen in young subjects suffering
from mfections

The Effect of Cortisone on Macrophages

Cortisone 1t will be recalled 1s tahen up by macrophages and when apphed
locally or by injection inhiits the inflammatory reaction of tissues to
mfection and tovic agents or to allergens It diminishes capillary permeability It
mhibits the phagocy tic actinaty of macrophages for ty phoid bacills and the normal
restoration of phagocytic activity after depression by absorption of particulate
matter (Biozz1 et al 1957} It dummshes the pain shock and reflex phenomena of
perforated peptic ulcer and may lead to rapid tinn, and weahness of muscles
Lortisone greatly mhubits antibody response (see Burnet 1907) Adminstration of
cortisone often favours the <pread of bactemal mnfections by depression of the
resistance to orgamsms It inhibnts the formation of fibres new vessels and granu
lation tissue and suppresses the reaction to repair It may modify the mvasie
tendency of macrophages Inflammation following X rays ts also mnhibited by
cortisone (Houghton Walter and Jones 1904} The fever and tovema accom
Panying inflammation are suppressed (Pagans 1922 Dunlop 1900) Thus cortisone
would appear to act on macrophages and to dimish the phagocy tic power and ease
of displacement of adsorbed substances from the cvtoplasm and so the inflammatory
response Inso doing the hormone must mhibit the local concentration of antibodies
The seeretion of cortisone after trauma or during infection and its take up by the
disturbed macrophages thus tends to restore the status quo and 1s part of Selye s
alirm reaction of the general adaptation syndrome

The Effect of Carcinogemic Agents on the Macrophages

The above observations as to the effect of noxa on the tissues apply equally to
the carcinogeme hydrocarbons and the effect of these on the macrophage system
has been investigated by a number of workers (see de Gaetar 1902) We have seen
already that pamting tar on to the skin of mice causes local increased vital staining
of macrophages (lreyberg 1927) When applied to the skin the effect of carcino
genie hydrocarbons on the macrophages of tissues has been divided 1nto four stages

(a) Marked wncrease 1n phagocy tic activity of the retrculo endothelial system

(b) Commenein,, rarefaction of the macrophages

{¢) The disappearance of the macrophages 1n areas of degeneration

(d) Areas of true neoplasm where no macrophages are present



118 GROWTH AND TUMOUR T'ORMATION

X arridation has been shown to have an identical effect (see Franceschin)
1t greatly mhibits antibody response (Burnet 1957) These agencies therefore stumu
Iate and then depress the activity of and finally kil the macrophages avcording to
the Dustin effect

The Uptake of Parizculate C. Agents by M. h

By analogy with other substances 1t would be expected that chemicil or particu
late careinogenie agents applied to 4 tissue would be adsorbed on to the reticulo
endothehal cells of the bosne  Rous (1910) found that 1t was possible to transmut
certam tumours w birds by means of cell free filtrates  The agents ate particulate
and present m the blood of tumour bearmng birds Thev may produce growths m
wngured or enflamed tissues that 1s where phagocs tic activity of reticulo endothelal
cells 13 mereased  The agent thus seems to be taken up by macropha,es hil & other
particles  Swilar obsersations have been made 1 eases of virus mnduced warts in
man m whom the growths may develop m operation scus or sites of pressure
{lxobner phenomenon}

The Migration of Macrophages

In certamn conditions for vxample inflammation or local imtation portions of
the macrophage syncy titm of organs and the capillary pencytes round off migrate
and form free macrophages In other conditions the nucler of the cells drvide but
not the cytoplasm grsing mse to giant cells (Metchmhoff 1893) Normally macro
phages migrate towards myured and dymg tissues  In addition they ave found col
lected around unmyehnated nerve fibres  If a tissue 1s deprived of 1ts tnmyelinated
nery e supply as seen 1n the an-esthetic areas of tabes or leprosy after a while macro
phages are not found 1n the tissue m any numbers It may be that substances
Tiberated from unmyelinated nerve fibres are chemotactre influences attracting the
macrophages to therr neighbourhood Insasion of normal tissues by macrophages
may depend to some extent on antigen antibods like reactions  Further reference
to tius wiil be made 1n Chapter VII



CHAPTLP VI

THE NERVOUS CONTROL OF RETICULO ENDOTHELIAL CELL
ACTIVITY

Avronowic unmyelinated nerve fibres liberite neurohormones such as acetyl
choline and {nor Jadrenaline and posubly other substances The acetyl choline
metabolism of nerves 1s only quantitatively more 1mportant at the svnapses where
the neuronnl surface mcreases ( eo Fulton and N\achmanwohn 1843)  Acetyl
choline has been shown to increase vital staiming of macrophages  Thus neuro
hormones liberated 1n the viciuty of any part of an unmyelinated fibre would be
expected to be taken up Ithe any other substance by the neighbounng reticulo
endothelinl cell syneytium surrounding eapillanes acim ducts cte  and so therr
phagoevtic activity and vital stammng and local cell metabolism may be altered

Tt hay Leen shown that in all situations where collections of macrophages are
found unmgyehnated nerve fibres often of posteror nerve root ongin and ther
free nerve endings are present in clo e relationship  This 1s seen around capillary
blood veseels 1n relation to penicytes in the walls of the larger vessels in the endo
penneural tissues m relation to tendon corpuscles n the basement membranes of
epithelia and glandular acint the tubules of the hidnev and the perichondrum
periosteum and endosteum 1n the pulp of the teeth between the fibres of strped
cardiac and plain musele and between the myelinated nerve fibres and ganghon
cells of the central nervous system around the cells of the cornea and 1n relation to
the bttoral cells of the adrenal cortex pitwitary parathyrords corpus luteum
lymphoid t1 sue thymus spleen and bone marrow and the macrophages between
fat cells and also 1n relation to the periphenes of the syncytial network 1n the hver
and 1n the macrophage cells around the mterstitial cells of Leydig the 1slet cells of
the pancreas etc In many of the e situations the reticulo endothelial cells corres
pond to the interstitial cells generallv recoqmzed as interposed between nerve
endings and effector cells and in others as Hellen Zellen or basket cells agamst
which nerve fibres are stated to end  Moreover 1n connectny e tissue 1t has been seen
that macrophages tend to collect around bundles of unmyelinated nerve fibres It
18 thus reasonable to assume that the activity of macrophage cells 13 affected by
nenous discharge

That nervous impulses do control the functioning of the macrophages and vital
staming has been shown directly Thus if the cervical sympathetic nerve (which
contains also posterior nerve root fibres) of the rabbit 1s cut on one side or one hngual
or sciatic nerve of a dog 1s sectioned and a vital dye 1s mjected mtraienously then
the organ on the denervated side becomes coloured before and to a greater extent
than on the normal (Pogowicz 1885 and see Burrows 1932) Such nerve section
may leid to temporary or permanent arteral and capillary vasodilatation and
exudation from the vessels and cedema of the tissues

w
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In certamn urcumstances for example 1n subjects of urticana the trple response
to a mild strmulus 15 more easily obtained and more lasting than normal a conditron
known as dermograplusm  This oceurs with certain diseases of the central nersous
system such as memngitis aud 1s then known as the tache wrébrale gam
suggesting the nervous system nfluences this response to a stimulus which 1s no
more than the mitial stage of nflanim tion

Vartous climical observations show that nersous discharge mn the unmyelmated
fibres of the posterior nerve roots tends to inhibit the mflummatory response to &
stunulus or ijursy and bring 1t to an end and thus presumably to inhibit or restore
the phagocytic activity of macrophages to that before the application of the
stimulus  Before the evidence 1s presented 1t 15 necessary to consider the neurogenic
ory,m of cert un climeal conditions

The Course and C ¢ of the U linated € Fibres of the Posterior Spinal
Nerve Roots and Trigeminal Sensory Nerve Root

In Chapter I we hate described the ongin of the unmyelinated C hbres of the
postenior spinal and trigemual nerve roots  These fibres appear to anse or end as
free nerve endings 1n all tissues 1n the blood essel walls and m viscers and the fibres
course tn the lateral part of the posterior nerve roots to enter the ground bundles of
the cord Connections are made by short relays in relation to the central grey
matter with the hypothalamus by way of the medulla pons and midbrun Lesions of
or near these pathways anvwhere between the perspheral nerves and hy pothalamus
may grve mise to disturbances of grow th and nutnition of tissues and changes in thewr
vascularity 4nd response to noxtous mfluences

Scleroderma as 2 Sequel to Lesions of the Nervous System

Scleroderma may occur at any ge but usually appears m aduits ¥ inle its
most obvious lesions affect the skin any hissne may be imolved such as muscles
benes jomnts intervertebral cartilages corpora mamme mucose of the gastro
intestinal tract bronchi trachea and laryny lungs myocardium thyrod fadney
ovary bone mirrow and eve {Bourne 1946-47 Groetz 1945 Hale and Schatzhu
1944  Pugh hevale and Margulies 1945 Bevans 1945 Prowse 1951 Nledrer
1945 Lushbaugh Pubmn and Rothman 1948 Lloyd and Tonkun 1940  Church
and Eilis 1950) The cutancous changes ma have an irregular distnbution though
the clavicular regton face neck and arms are most frequently affected They may
however exhubit a s gmental arrangement correspondun,, to one or several nerve roots
(scleroderma en bande ) The zonil lnear or umlatoral distmbution of this
condition has been deseribed frequently (for references see Ehrmann and Brupauer
1931} Scleroderma mav be complicated by facial hemmatrophy v hich the atrophic
lesions aceur 1 the distrbution of the tngemnal nerve (Osborne 1922 Cassirer
and Hirschfeld 193.) It bas followed 1n the shin affected by herpes zoster It
has compheated tabes dorsahs (Lortat Jacob and Legram 1923 Guillain 1929
Cassirer and Hirschfeld 1935)  In numerous cases of suleroderma degenerative
changes have been found m and around the central grey matter of the cord or
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medulla (ste Fhrmann and Brunauer 1031)  Lert (1926} and many others have
desenibed cases of seleroderma en bande  1n as<ocnntion wath spina bifida oceulta
Scleroderma may accompany chorea  Josephowitsch {quoted bv Thrmann and
Brunauer) records the case of & mmne vearold giel who developed nght sided
Jrchsoman epilepsy and six wechs after the onset of the attacks scleroderma
appeared In the affected imb  Seleroderma may also accompany post encephalitie
Parkinsont m (Cassirer and Hirschfeld 1930)

Facial or General Hematrophy and Hemihypertrophy following Lesions of the
Central Nervons System

Facial henuatrophy 19 & special form of releroderma and may oceur n a patient
suffening from zonal scleroderma (Osborne 1922 Cassirer and Hirschfeld 1935
and others) The mamfestations of the disease are confined to the tngemnal
sensory distnbution  In some cases a facial hemiatrophy 1s associated with an
hemtatrophy of the rest of the body on the same or the oppoate side (alternating
hemiatrophy)  Caces have followed tngeminal zoster (Trotter 1915) or comph
cated tabes  Purves Stewart (1037) descnbes a case following an injury n the frontal
region It mas develop in cces of postentor fossa tumour or follon encephalitis
lethargica (Hall 1924) It mas follow a traumatic mjury of the medulla (Len 1926)
Sometimes the lesions appear for no obvious reason shortly after puberty Clearly
the mamifestations of the disease result from a disturbanee of neryous funetion

Facial hemihypertrophy 13 also confined to the sensory distrbution of the
trigeminal nenve 1t 13 distinguished from facial henmbhy perplasia in that 1t begins
after matunty It has occurred in cases of disease or damage to the medulla or
tngemmnal nerve for example 1n cases of syringomyeha after head injury or in cases
of tabes dorsalis {Cassirer and Hirschfeld)

General hemiatrophy and hypertrophy are also acquired conditions  Facral
hematrophy mav oceur alone or m association wath atrophy of the rest of the body
onthis side In other cases facial hematrophy on one side 1s found in combination
with hemiatrophy of the tissues of the rest of the body on the opposite sde  This
alternating type of hemiatrophy may be combined with a spastic paraplegia and may
result from a lesion of the medulln for example syringobulbia or ghcma A lesion
of one side of the hypothalamus may be d by general t
(Cassirer and Hurschfeld 1935) Unilateral postencephahtxc Parhinsonism with
bemuatrophy of the affected side or 8 crossed hemiatrophy was desenbed by Lange
(1932) Hemhypertrophy of the body may also follow head mjury encephalitis
Iethargwa or synngobulbia  Wartenberg (1945) cltcs cases of hemilateral distur
bance of fat distribution observed after halitis § cases in which facial

phy and hpodystrophy were d with thal central pan and
2 peculiar affectwe state a case of 1 post hahitic Park
combined with hematrophy of the same side  and cases of hemiatrophy accom
Panued on this sde by hyperalgesia hyperasthesia for cold and hyperhidrosis or by
an Argyll Robertson pupil amsocora acromegalic features evophthalmos extra
Pyramidal phenomena or by apoplexy and thalamic central pamm Wartenberg
considered the condition resulted from a lesion of the highest centres within the
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brawn  probably the hypothalamus Cases of alternating hematrophy certamnly
pomt to & central ongin

Alopecia Areata and Nervous Lesions

The role of nervous disturbance 1 produeing this condition 15 generally recog
mzed In some cases the patches of baldness appear 1n the area of supply of a
definite nerve  Alopecia areata may also occur 1n cases of tabes Lenche (1936)
reported a case 1n which a spmal lesion at D7 level gave rise to persistent paimn in
this segment and two bald painful areas of alopecia areata appeared in the ocerpital
regron and the neck below 1t The pamn was relieved by local anasthetization and this
was followed by regrowth of the hair

Herpes Zoster a Phenomenon resulting from Lestons of Nervous Pathways

‘The slan lesions of herpes zoster lie 1 the area of sensory supply of the posteror
and tngeminal sensory nerve roots where the causative virus appears to prosper
The author (Wyburn Mason 1957a) has found that not only the sk but all somatic
tissues and the viscery supplied by the same sensory nerve roots exhibit lesions
Lewis (1927) showed that herpetic and herpetiform eruptions oceur as sequels to
Jesions of the sensory nerve tracts not only do they follow irmtatise lesions of the
(root) ganglion but they are produced also by lestons of those tracts distal to the
gangha themselves  The fibres concerned appear to be unmyehnated C fibres

Causalgia

This punful condition tends to follow mimor lestons of the median or seiatie
nerves and develops at vanous intervals after the injury  The tissues supphed by
the affected sensory nerves show many inflammatory changes and growth distur
bances

¢ Central ” Pamn
Central pain majy result from lesions 1n the neighbourhood of the thalamus
and hy pothalamus and of the central grev matter of the midbrain pons medulla or
cord (Riddoch 1938a) It affects the tissues of the opposite half of the body which are
the seat of 1 severe dull aching burnmg pun occurring spontancously but also
precipitated by stimuli of all kinds exteroceptive proprioceptive and visceral Often
there 13 apparent analgesia of the affected part
Thus ali the above conditions would appear to result from lesions of nervous
pathways in the peripheral nerves or around the central grey matter of the spmnal
cord bulb or mdb or of the hypothalamu:

Evidence for the Inhibstory Nervous Control of the Phenomena of Inflammation
“There 13 clinical evidence which suggests that normally nersous rmpulses inhibit
the phenomena of inflammation
(1) In cases of herpes zoster typral nflammatory changes are found m the
shin and other affected tissues As alrerdy shown the neighbouring epidermis shows

inereased numbers of vitally stuning Langerhans and clear cells as compared with
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normal  Tho mflammatory changes are also found in the deeper parts of the corum
1n the hair roots and in the walls of the vessels which show swelling of the media and
wfiltration of the mtima  Subicutaneous fat may contan hnots of nflammatory
cells

The unnivelinated postenior nerve root fibres supply not only the shin but also
the deep tissues and inflammatory changes may likewsso imvolve the deep tissues
supphed by the affected nerve roots (Wiburn Mason 1957a)  Similar postenor
nerve root unmyclnated afferent  nerve fibres pass to the viscern  The wrnter
{Wybumn Mason 19078) has shown that m cases of herpes zoster nflammatory
lestons are found 1 the viscera supplied by the affected  afferent nerve roots

e have seen abore that the triple respon ¢ 15 exaggerated 1n the rash free skim of
the affected dermatome duning, an attach of herpes  If a hne 13 drawn with a finger
nail on the shin immediately adjacent to the lczions of herpes zoster there 1s a gross
exnggeration of the trple respon ¢ (dermo.raplnsm) and the site of pressure becomes
migmented for more than a month {Souques 1921  Thomas 1925} TCurthermore 1
have observed that such stimull m1y cause the appearance of zostenc vesicles i
the stimulated area which was presiousts free of such lesions  Ihus mn a woman
of seventy one years a subject of herpes zoster confined to the area of supply of the
supra orbital nerve on one side the application to the frontal region on this aide of
warm water easils tolerated over the normal skin resulted within a few hours na
violent mflammatory reaction and the whole of the skin supplied by the ophthalmic
division of the tngeminal nerve ncluding theeyelids beecameacutely inflamed  Laght
weeks later after healing had occurred there remuned almost complete analgesia
n the ophthalmic disiston of the trieminal nerve and much spontineous burnmg
Pam ete  The application of a mild etimulus to this area namely the drawing of the
fingernail along the shin still eau ed theappearance of a violent triple respanse which
persisted and led to the development of severe inflammatory changes along the
bne of stimulation Three months after the onset the paticnt began to hathe the
painful analgesic area with warm water contamning dettol which had no effect on the
normal shin Tlus resulted in a violent nflammatory disturbance 1n the analgesic
shin and cansed a reenrrence of cedema of the eyelid These observations seem to
show that 1n herpes zoster all tissues superficial deep or visceral suppled by the
affected posterior ners e roots may be mvolsed that the tnflammatory tendency after
herpes zoster occurs an tissues deprired of therr normal sensory nerve supply and that
stimuls whseh would not normally cause nflammation do so s such lemporardy and
locally denervated areas

(2} In cases in which alechol block or section of a sensory nerve such as the
tnigemnal or seiatic has been carricd out thero 1s of course at first a noticeably
inereased sensitivity and an exaggerated triple response of the tissues in the analgesic
area to noxious stimuli and & ready tendenry for these tissues to become mflamed
This has been asersbed to a disregard of stimuli which would cause pain when applied
to the normal tissues especially the eye Simlarly m cases with damage to the
peripheral nerves supplying the Limbs mflammatory lesions are espectally hable to
oceur and are exaggerated as compared with the normal 1n the analgesic areas
50 called trophic lesions Tlus 1s seen particularly with lesions of the median and
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bran probably the hypothalamus  Cases of alternating hemuatrophy certamly
point to a central onigin

Alopecia Areata and Nervouy Lestony

The role of nervous disturbance in producing this condition 15 generally recog
mzed  In some cases tho patches of baldness appear in the arca of supply of &
defimte nerve  Alopeein areata miy also occur 1n cases of tabes  Ierche (1036)
reported a e1ce an which a spinal Ieston at D7 Jevel gave mse to persistent pun
this segment and two bald punful areas of alopecia areata appeared in the ocaptal
region and the pech below 1t The pan wasreliesed by Jocal anasthetization and tiy
was followcd by regrowth of the hawr

Herpes Zoster a Phenomenon resulting from Lesions of Nervous Pathways

The shin lesions of herpes 2ostcr hio mn the area of sensors supply of the posteror
and trigenunal sensory nervo roots where the eausative virus appears to prosper
Tho auther (W yburn Mason 1917a) has found that not onls the shin but all somatic
tissues and the viscera supphed b the stme sensory nerve roots exmbit lestons
Lewis (1927) showed that  herpetic and herpetiform eruptions occur as sequels to
iestons of the sensory nerve tracts not only do they follow rritative lesions of the
{root) gan. hion but they are produced also by lesions of those tracts distal to the
ganglta themsches  The fbres concerned appear to be unmyehnated C fibres

Causalgia

This punful condition tends to follow mmor lesions of the medin or gentic
nerves and develops at various mtervals after the mjury  The trsstes supphed by
the nffected sensory nerves show many inflammatory chanes and growth distur
bances

¢ Central’ Pamx
Central punmay result from lesions i the netghbourhood of the thalamus
and hy pothalamus and of the central grey matter of the nudbrain pons medulla or
cord (Riddoch 1938a) It affects the tissues of the oppostte half of the body which are
the sett of a severe dull achung burming pan ocewrring spontsneously but abo
preapitated by stumult of all hkinds exteroceptive proprioceptive and visceral Often
there 13 1pparent analgesia of the affected part
Thus all the sbove conditions would appear to result from lestons of nervous
pathways i the peripheral nerves or around the central grey matter of the spinat
cord bulb or midbramn or of the hy pothalamus

Evidence for the Intubitory Nervous Control of the Phenomena of Inflammation
These 18 chintcal exidence which su,gests that normally nersous impulses mhibit
the phenomena of mflammation
(1) In cases of herpes zoster typical mflammatory changes are found m the
skin and other affected tissues As alreads shown the netghbourmg epide rims shows
increased numbers of vitally staimng Langerhans and clear cells as compared with
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normal The inflammatory changes are also found in the deeper parts of the eortam
1m the hair roots and 1n the walls of the veesels which show swelling of the media and
mfltration of the intima  Subeutaneous fat may contain knots of mflammatory
cells

The unms elinated posterior herve root fibres supply not only the skin but also
the deep tissues and inflummatery changes muwy hikewise mnvolve the deep tissues
supplied by tho affected nerve roots (\Wyburn Mason 1957a) Simular posteror
nerve root unmyehinated  afferint  nerve fibres pass to the viscera  The wrnter
(W1burn Mason 1947a) has shown that m cases of herpes zoster inflammatory
lesions are found n the viscern supphed by the affected  afferent  nerve roots

Wehave scen abov e that the tnple response 1s exaggerated in the rash free shan of
the affected dernlatome during an attacl of herpes  If a hine 1s drawn with a finger
nail on the shin immeiatels adjacent to the levions of herpes zoster there 1s & gross
evaggeration of the triple response {dermographism) and the site of pressure becomes
pigmented for more than a month (Souques 1921  Thomas 192y} Furthermore 1
have observed that such stimuli may cause the appeirance of zostene +estcles 1n
the stimulated arer which was previously free of such lesions  Thus n a woman
of seventy one years o subject of herpes zoster confined to the area of supply of the
supra orbital nerve on one side the application to the frontal region on this side of
warm water easly tolerated over the normal slan resulted within a fes hoursm a
violent flammatory rerction and the whole of the shin supplied by the ophthalmic
division of the trigeminal nerve ncluding theevelids became acntely inflamed Dight
weeks later after healing had oceurred there remained almost complete analgesia
n the ophthalmic division of the tmgemmal nerve and much spontaneous burning
Pam etc The appheation of a mild stimulus to this area namely the drawing of the
fingernail along the skin still caused the appearance of a violent triple response which
Peraisted and led to the development of severe inflimmatory changes along the
Lne of stimulation Three months after the onset the patient began to bathe the
Punful analgesic area with warm water contaming dettol which had no effect on the
normal shan  This resulted 1 a violent inflammatory disturbance in the analgesic
shin and caused a recurrence of adema of the eyelld These observations scem to
show that 1n herpes zoster all tissues superficral deep or viseeral supphed by the
affected posterior nerve roots miay be mvolied that the snflammatory tendency after
herpes ~oster occurs 1n tissues deprired of their normal sensory merie supply and that
stomuly which would not normally cause inflammation do so n such temporanly and
locally deneroated areas

{2) In cases in which alcohol block or section of a sensorv nerve such as the
tngemmnal or saiatie has been carmed out there 13 of course at first a noticeably
ncreased tivity and an d triple resp: of the tissues 1n the analgesic
area to noxious stimuli and a ready tendency for these tissues to become inflamed
This has been asenibed to a disregard of stimult which would cause pamn when applied
to the normal tissues especially the eye Simlarly in cases with damage to the
peripheral nerves supplying the limbs inflammatory lesions are espermally liable to
oceur and are exaggerated as compared with the normal in the analgesic areas
so called trophie lesions This 1s seen particularly with lesions of the median and
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brain probably the hypothalamus  Cases of alternating hematrophy certamly
pomt to a central ongin

Alopecia Areata and Nervous Lesions

The role of nervous disturbance 1n producing this condition 18 generally recog
mized  In some cases the patclies of baldness appear n the area of supply of a
defimto nemve  Alopecia areata mav also occur 1n cases of tabes  Lenche (1936)
reported a ease m which a spinal lewon at D7 level gase nise to persistent pun i
this segment and two bald punful areas of alopecia areata appeared in the oceipital
region and the nech below 1t 1he pun wasrehiesed by local anesthetization and this
was followed by regrowth of the hair

Herpes Zosler, a Phenomenon resulting from Lesians of Nervous Pathways

The ekin lesions of herpes zoster lie 1n the aren of sensory suppls of the postenor
and tngeminal sensory nerve roots where the causative virus appears to prosper
Lho author (W3 hurn Mason 19.7a) has found that not only the shin but all somatie
tissues and the viscera supplied by the same sensory nerve roots exhibit lesions
Tewis {1927) showed that herpetic and herpetiform eruptions occur as sequels to
lesions of the sensory nerve tracts not only do they follow 1mtative lesions of the
(root} ganglion but they are produced also by lesions of those tracts distal to the
ganglia themsclves  Lhe fibres concerned appear to be unmyelinated € fibres

Causalgra

Thus punful condition tends to follow mmor Jestons of the median or saatie
nerves and develops at various mtervals after the injury  The tissues supphed by
the affected sensory nerves show many nflammatory changes and growth distur
bances

¢ Central * Pain
Central pam may result from lesions in the nerghbourhood of the thalamus
and hvpothalvmus and of the central grev matter of the midbramn pons medulla ot
cord (Riddoch 1938a) It affects the tissues of the opposite half of the body which are
the <eat of a severe dull aching burmng pamn occurring spontaneously but also
precipitated by stimul of all hinds exteroceptive proprioceptive and visceral Often
there 15 apparent analgesia of the affected part
Thus all the above conditions would appear to result from lesions of nersous
pathnays in the peripheral nerves or around the central grey matter of the spinal
cord bulb or midbrain or of the hypothalamus

Evidence for the Inhibitory Nervous Control of the Phenomena of Inflammation
There 18 chinical evidence which suggests that normally nersous impulses mhibit
the phenomena of mnflammation
(1) In cases of herpes zoster typical inflammatory changes are found m the
sl in and other affected tissues As alreads shown the neighbouring eprdernus shons
increased numbers of vitally stumng Langerhans and elear cells as compared with
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portions of the cheel which disappeared  The teeth became eoft easily worn anay
crumbled and broke off Severance of the trigeminal nerve mtenstfied these changes
1n the denervated regions of the head  All the lesions descrtbed are of an a.dematous
and inflammatory type

At antopsy inflammation and heemorrhages were found 1n the lungs which had
the appearance of red hepatization  Blood and mucus were present i the lumen of
tho whole gastro intestinal tract 1n the walls of which were extensive heemorrhages
and inflammatory changes Large arcas of mucos were destroyed or desquamated
In other animals there appewed pyorrheea conjunctivitis heratitrs perforating
uleers of the cornea and inflammatory condittons of varying severity of both eyes
which might be completely destroved or later heal A purulent rhimitis sinusitis
or otitis media sometimes developed

Several observations are pertinent with regard to the effect of the nervous
system on macrophage activity  Firstly 1t has been found mmpossible to produce
the changes of herpes zoster expenimentally m animals by stimulating the sensory
Toot of the trigeminal or the posterior nerve roots Secondly a lesion of a sensory
nerve root predisposes to the localization of zoster virus in the denervated
tinsues  Thirdly the phenomena of herpes zoster may appear m the affected
dermatome after a locally apphed stimulus Fourthly the tendency to become
mflamed 1n deneryated tissues 1s exhibited n response to a stimulus which when
applied to normal shin gnes mse to no pamn or other mdications which might
suggest that 1t 13 mjuning the skin  This disposes of the argument that such
trophic sores are due to unfelt injurious agents acting on the affected
tissues

On the other hand 1if the tngemnal sensory root 15 destroyed or sectioned
sensory peripheral nerve to a limb especially the median and scratic nerves 1s
sectioned or if the spinal cord 1s transected or compressed or 1n some patients with
a lesion of one half of the bulb or hvpothalamus or ammals with lesions of the
hypothalamus then the trssues to which the sensory nerve supply 1s interrupted
show an excesstve tnple respense to stmult and an excessne tendency to become
inflamed the response also being excessive in degree and duration Ve have seen
that the phagoevtic actrvity of ph 18 d 1 areas of mnfl
and d that the ph of ton result from disturbance of the
macrophages of the tissues with a resultant increase m therr phagoeytic actrvity
It1s therefore further suggested that the activity 1n some or all of the unmyelinated C'
Sibres of any tissue presumably cenirifugal an direction and descending from. the hypo
thal causes inhib of ph actuaty of the macrophages and restores them
to the non phagocytic state

The Nervous Control of Cell Metabohsm by Way of the Reticulo endothehal System
If the deductions made above are correct 1t should also follow that excess of
hibitory nerve impulses to the ph would lead to wasting of tissues
whereas 1f the inhibitory impulses are d hed the tissues should exhibit
mcreased growth However when sensory nervous pathways are cut there 1s usually
also a motor denervation of tissues which tends to cause disuse atrophy Moreover
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suatic nerves  With lestons of the median nerve accompanied by causalgra the
whole hand becomes swollen hot and red and there 13 a marked ot er reaction to
stimuli Doth in the degreo of pain and the production of an exaggerated trmple
responst merging nto mflammation  Herpehie lesions may appear  Gowers {1899)
mentions that in eases of peripheral nerve Jesions wath causalp dermographism 1s
extrenels reachly obtamed in the punful ares and even the mildest stimub such as
warm water, appled to the affected shin may result in acute inflammation while
mustard plasters cause an cxaggerated response n3 compared with normal  In a
case of sctatien with hy peralgesta and sensory disturbance i the leg deseribed by
Ravfmann and Winkel (1922) the apphcation of 10dine over the affected Lhmb
caused the appearance of a dermatitis wluch was solely confined to the area of ren
sory disturbanee
(3) Transierso lesions of the spinal cord mas alo modify the reactions of the
tissues to st We have seen that the trple response 1s grossly exaggerated in
the tissues below the level of the lesion where there1s of course a great tendency
{ar the appearance of violent wflammatory rerctions with bleb formation at sites of
pressuro or even in regrons of muild stimulation such as contiet with the bed clothes
Iying over the subject  As with punful lcstons of peripheral nerves Gowers recalls
thet 1 the tissues below the level of a transyerse lesion of the cord even the mildest
stimulus to the shin such as warm water ma) cause acute inflammation and mild
pressure may lead to inflaimmatory changes and aftervards to gangrene  In a case
of trumatic acute hrematomyelia mn a man of seventy years which I observed
widespread are1s of acute inflammation with bleb formation developed on the
abdomen and thighs and n varous other remions incluting sites of pressure within
five hours of receipt of the injury and without exposure to hot water bottles
(4) In cases of central pain the skin of the punful parts 13 often anwesthetic
It 1s flushed and the tissues may be eedomatous (Iiddoch]  In paroxysms of pun
flushing increases  \e have scen that mn the affected tissues tho triple response 1s
much more readis produced and greathy prolonged Stimult masy easly cause
ulceration which fails te heal 1he jonts mayv bo swollen and tend to develop
effusions and to become anhyvlosed Negro (1934) descnbes patients and draws
attention to muny recorded i the hterature who des eloped pam and acute umlateral
uthntie changes followng a lesion of one side of the hvpothalamus and midbrain
(5) In experiments on lower anmmals (dogs) Speranshy (1935) and his assoctates
introduced e glass ephere behwd the tuber cinercum and between the cerebral
peduncles or they encircled the mfundibulum with a glass nng  This produced
disturbances of function n the cells of these structures Some ammals died within
ten to twenty hours others m a few days others survived for some weehs and still
others for 1 number of months The hair on the head and face fell off The gums
beeame swollen and loosened and showed a dark border of acute hemorrhages
around the molirs and both jaws These changes spread 1nd the gums separated
from the necks of the teeth reiealing the alveolar edge of bone  In some cases the
whole gum separated leaving the bone exposed  Erosions and ulcers of the lips
tongue pharyny palate and the Roor of the mouth appeared ) They were esther
superficial or extended deeply destrovin. the 1 and
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portions of the cheek which disappeared  The teeth became soft casily worn away
crumbled and broke off  Severance of the tri eminal nerse intensified these changes
in the denervated regions of the head  All the lesions described are of an cedematous
and mflammatory type

At sutopsy nflammation and hamorrhages were found m the lungs which had
the appearince of red hepatization  Blood and mucus were present n the lumen of
the whole gastro intestinal tract 1 the walls of which were extensive hiemorrhages
and inflammatory changes Large areas of mucosa were destroved or desquamated
In other apimals there app d pyorrheea J) vitis heratitis  perforating
ulcers of the cornea and inflammatory conditions of 1arving seventty of both eyes
which might be completely destrojed or later heal A purulent rlumitis sinusitis
or otthis media sometimes developed

Several observations ara pertinent with regard to the effect of the nervous
system on macrophage activity  Firstly 1t has been found impossible to produce
the changes of herpes zoster experimentally m ammals by stimulating the sensory
Toot of the trigeminal or the posterior nerve roots  Sceondly a lesion of & sensory
nerve root predisposes to the locahization of zoster virus i the denervated
tissues  Thirdly the phenomena of herpes zoster mayv appear mn the affected
dermatome after a locally apphed stimules  Fourthly the tendency to become
mflamed 1in denervated tissues 13 exhibated 1n response to a stimulus which when
applied to normal shm gives mse to no pam or other mdications which might
sugrest that 1t 19 junng the skin Ths disposes of the argument that such
trophic sores are due to unfelt mnjurious agents acting on the affected
tissues

On the other hand 1f the trigeminal sensory root s destroved or sectioned a
sensory penipheral nerve to a hmb especially the median and sciatic nerves 13
sectioned or 1f the spinal cord 13 transected or compressed or mn some patients with
a Jesion of one half of the bulb or hvpothalamus or ammals with lesions of the
hypothalamus then the tissues to which the sensory nerve supply 13 interrupted
show an excessive triple response to stimull and an excessive tendency to become
nflamed the response also being excessrve in degree and duratron  We have seen
that the phagocytic activity of macrophages 1s mcreased 1n areas of inflammation
and sugg that the ph of rezult from d b of the
macrophages of the tissues with a resultant increase m their phagocytic activity
It s therefore further suggested that the aclivity sn some or all of the unmyelinated C
Jibres of any tissue presumably centrifugnl vu direchon and descending from the hypo
hal causes snhib of ph actitaty of the macrophages and vestores them
to the non phagocylic state

The Nervous Control of Cell Metabolism by Way of the Reticulo endothelial System
If the deductions made above are correct 1t should also follow that excess of
hibrtory nerve impulses to the hages would lead to wasting of tissues
whereas 1f the mhibitery impulses are dummshed the tissues should exhibit
ncreased growth However when sensory nersous pathwsays are cut there 1s usually
also a motor denervation of tissues which tends to cause disuse atrophy Moreoyer
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scitic nerves  With lestons of the median nerve accompamed by causalgra the
whole hand becomes swollen hot and red and there 19 a marhed over reaction to
stimult both 1n the degree of pam and the production of an exagperated tnple
response merping into inflammation Herpetic lesions may appear  Cowera (1899)
mentions that in c1ses of peripheral nerve lestons with eausalgia dermographism 13
extremels readsly obtamed in the panful arer and cven the midest strmul; such as
warm water appled to tho affected shin may result m acute mflammation while
mustard plasters cause an exaggerated response as compared with normal  In a
ense of seiatica with hyperalgesia and sensory disturbance i the leg desenbed by
Kaufmann and Winkel (1922} the application of 10dme over the affected hmb
caused the appearance of a dermatitis which was solely confined to the arex of sen
sory disturbanee

(3) Transverse lesions of the spmal cord may also modify the reactions of the
ticsues to stimuli . We hase scen that the trple response 1s grossly exaggerated in
the tissues below the level of the Jesion where there 15 of course a great tendency
for tho appearanice of violent nflammatory reactions with bleb formation at sites of
pressure or even n regions of muld stimufation such as contact with the bed clothes
Iying over the subject  As with pamnful lesions of peripheral nerves Corwers recalls
that in the tissues below the lovel of a transyerse lesion of the cord even the mildest
stimulus to the slan such as warm water may cause acute inflammation and mid
pressure may Jead to inflimmatory changes and afterwards to gangrene  In a case
of traumatic acute hematomyeha m & man of sevents yews which I observed
widespread areas of acute inflammation with bleb formation developed on the
abdomen and tlighs and 1n vartous other regions meluding sites of pressure within
five hours of recerpt of the injury and without exposure to hot water bottles

(4) In cases of central pain the shin of the punful parts 13 often anwsthetic
It 18 flushed and the tissues mav be wdematous (Riddoch) In paroxysms of pan
flushing 1ncrenses  VWe have scen that in the affected tissues the triple response 13
much more rexdily produced and greatly prolonged Stimuli may easdy cause
ulceration which fails to heal The joints may be swollen and tend to deselop
effusions and to become ankylosed Negro (1934) describes patients and draws
attention to many recorded i the literature who des eloped pamn and acute umlateral
arthntic changes followiny, a lesion of one side of the hypothalamus and midbramn

(5) In experiments on lower amimals (dogs) Speranshy (1935) and Ins associates
troduced a glass sphere behind the tuber cinereum and between the cerebral
peduncles or they enarcled the mfundibulum with a glass nog  This produced
disturbances of function n the cells of theso structures Some anmals died within
ten to twenty hours others m a few days others survned for some weehs and stil
others for a number of months The harr on the head and face fell off The gums
became swollen and loosened and showed a darl border of acute haemorrhages
around the molars and both jaws  These changes spread and the gums separated
from the necks of the teeth revealing the alveolar edge of bone In some cases the
whole gum separated leaving the bono oxposed  krosions and ulcers of the Lips
tongue pharynx palate and the floor of the mouth appeared They were either

superficial or extended deeply destroving the mucosal muscular and cutaneous
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secretion on this stde decreases  The eve mayv remarhably dimimich in size  The
external ear becomes smaller  Partial catarict atrophy of the sclern and cornen
and Argy It Pobertson pupil with 1ts accompanving loss of ins mgment may oceur
Diplopis due to weakness of oculomotor museles may be a fiature  The superficial
temporal arters mayv pul ate less than on the normal sde  Signs of mvoliement
of the hrain on the side of the hemiatrophy may bo ohserved  Epilepsy mny mvolve
the apposite part of the body only and this may also show signs of & pyrumdal tract
feston  Calmification may occur on the side of the atrophy snd dilatation of the
ventniele and atrophy of the henusphere  Oppenheim (1911) ponted out that the
shin of the affected region does not flush in compans with the rest of the body

In this condition there again oecurs avasculanty loss of 1 10n of shin
and 13 and loss of hiair and later an atrophy of all the shin mucosal and deeper
structures  The shin fails to flush in response to a stimulus or when the rest of the
hody does so

{v) Facial Hemihypertrophy Al the tissues in the affected tngeminal area show
hypertrophy and overgronth  The epidernus 1s hypertrophic more pigmented
moro vascular greasy and sweaty The subcutancous fat and museles including
those of the tongue hypertrophy and the bones show penosteal overgrowth  The
shin may be ced and exinbit d h (Cassirer and Hirschfeld)

(6) Ceneral Hematrophy and Hypertrophy In general hemiatrophy all the
affected tissues become smaller atrophic and relativels bloodless and the shin loses
its pigmentation as in facal hemiatrophy  whereas 1n hypertrophy all the tissues
tend to be hypertrophic the shin thicher and more greasy pigmented and vascular
and there are increased fatty deposits

{3) The Fffects of Compresston of the Cord on the Tussues below the Letel of the

Leston The eflects of compression of the cord on the growth of tissues below the
le 10n 33 compheated by the occurrence of disuse atrophy if paralusis exists  The
tissues below the level of the lesion of course exhibit an exaggerated triple response
and tendency to become influmed  In some cases 1n spite of disuse hypertrophie
lesions are seen espeaally when transection 18 incomplete  Thus such + lesion may
cause the skin below the level of the lesion to become thickened and 1its hair to
grow more abundantly Hyperheratous and darh pgmentation with a sharp upper
border at the level of the leson has been recorded  In other cases the bones below
the lemon may become decalaified or hvpercaleified  Sudeck s bone atrophy may
occur Lelow the level of the lesion (Allen Barker and Hines 1946) with subperiosteal
new bone formation  The case desenbed by Crocl er (1903) 13 of great interest The
patient & man of 36 vears suffered from \on Rechhinghausen s disease and as a
result of a spinal injury n the lower dorsal regon sustained a prraplegia which
lasted for eight months  Two years after the acedent the buttochs began to increase
m size and continued to grow over the next ten years The legs also began to
enlarpe and enormous pendulons folds of skin and subeutaneous tissue  overlapping
hke flounces  hung from the level of the twelfth nb half way down the thighs and
down below the knees growing from the body supphed by the lower part of the
damaged eord  The shan below the eord lesion was more pr.mented than the rest
of the body  Sensation was apparently normal below the cord Jesion
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when all inhibitory impulses to macrophages are cut off the deneryated tissues tend
to develop acute inflammatory changes which may mask any tendency to over
growth If the mlubitors ;mpulses are not completely cut off but only dimmshed
though the mncreased tendency to mflammatory changes may reman n a lesser
degree the affected tissues tend to show overgrowth TFhe study of a number of
conditions already shown to be dependent on lestons of the peripheral nerses of the
central nervous system points to such conclusions

(1) Grouth Changes followang Cansalpa After the scvere and profonged pain of
causalgin begns to dio down various disturbances of growth may be vistble m the
affected imb (seo Walson 1940} The epudermus mas become greatly thickened so
that the hand looks like a washerwomans  The harr and nals grow more rapidly
and the latter may be tluichened New bone tends to e Jud down under the
penosteum  Radiographs show the Intter to bo unevenly rmised and a thin layer
of newly formed bone with a serrated outhne 15 spread ovcr the shafts of long bones
Later disuse atrophic changes occur i the tissues

(2) Alopecia Areata  In this condition the shan atrophies and the hair falls out
All the Iayers of the skun are thin bloodless pale and deficient 1n pigment T+ preally
the affected shin fails to sweat in response to pilocarpme and as shown alrendy
when imtants are applied does not exhubit & triple response or inflammatory
changes

(3) Scleroderma It has been shown that the affected tissues show decreased
numbers of macrophnges exhibiting active phagocey tosis as compared with the normal

though such macroph can be d rated by stimulation by foreign protemns
In this disease the shin gradually atrophies wnd becomes pale dry blush and
parchment Ithe  The sweat and sel secretions disapy The hair 1n the

affected regions turns grey and falls out  The nails become brttle and nidged and
their gronth 1s slowed Fat 1s completely lost m the affected areas The shin
becomes attached to the deeper tissues and fixation produces contractures and
deformities Raynaud s phenomena may occur  Vle have scen that the atrophic
changes are not however confined to the shin but extend to the muscles bones
joints intervertebral cartilages corpors mamma mucosa of the gastro mtestinal
tract and bronchi lungs myocardium thyvroid ovary hidney eye and bone marrow
in fact to any tissue It was also shown that in the affected skin tho triple response
1s almost unobtainable A wound 1n such areas leads to no reactive hyperema
bleeds little or not at all and fails to heal normally  Indolent ulcers mav appear at
the ends of the fingers or gangrene of the gut may develop

(4) Facial Hemzatrophy As 1n scleroderma the condition consists of a progres
sive atrophy of the tissues ludmg the skin sul tissue muscle and bone
(see Wyburn Mason 1950) The skin becomes thin pale parchment Iike and loses
its pigment  The hair falls out or greys  The sweat and sebaceous secretiong cease
The fat 1n the affected region s lost  Both the muscle and fat of the cheek disappear
The nasal cartilages and bonies may become smaller The jaus decreaso in size on
the affected side until they are too small to hold the tecth The bones are osteo
porotie Half of the tongue decreases nsize  The mucosa of the cheek the mucous
glands salnars glands tonsil and papillz of the tongue atrophy  The salivary
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<fatus quo by two mechamsms 1 Jocal neural and a general hormonal by way of the
adrenal cortical recretion

The onset of fatigue i cells 13 prob1bly due to accumulation of metabolites We
have suggested that thls 13 prevented by the activity of macrophages  The discharge
of unmyehnated fibres leading to inhibition of phagocytoss by macrophages should
therefore affect the fatigue of other bods cells That thus 13 50 15 perhaps suggested
by the fact that mgested cocane which abolishes or slows discharge 1 unmy elinated
nerve fibres dch)s the onset of fatigue

Duning wasting diseases and stam ation the vanous tissues waste to different
dezrees  Iresumably this differential wasting 13 dependent on varations i the
number of inhibitory nerve impulses prsing to the maerophages 1 the vanous
tissues

The Control of the Differentiatton and Number of Circulating Red and White Blood
Cells by the Nervous System

The cardio vascular and resprratory systems concerred with the transport of
oxygen and other substances to the tissues are controlled 1 the hypothalamus and
bulb It nught be expected thercfore that the formation of red blood corpuscles
would be similarly controlled and 1f thistsso the formation of white blood corpuscles
also

The number of red and white cells per cubic millimetre of blood 18 muntained
farrly constant during health 'The blood count depends on a number of factors
The state of contractton of the spleen which 13 controlled bv nervous impulses 13
one such The lymph nodes also have a plain muscular capsule and are supphed
with autonomic fibres which evidently control the eontraction of the nodes The
expulsion of the blood cells from the Ivmphatic node 19 thus « visomotor reaction
mvolving the communication of the blood sinuses of the nodes with the general
Iymph cireulation  Jt has been suggested that the expulsion of the cells from the
bone marrow 1s also a vasomotor nervous reaction (Best and Taylor 1950)

The Iymiphocytes are produced in lymphoid tissue present m lymph nodes
thymus spleen and in the wall of the gastro intestinal tract whereas red blood
corpuscles and the myeloid series of white cells are formed 1 the bone marrow
Unmyelmated nerve fibres d by phages enter the hilum of the
lymphoid tissue and then pass round the margns of the germunal centres m relatron
to the syneytium of littoral macrophage cells Only those at the edge 1n relation
to the nerve fibres normally stain vitally  In the reticulin network there are also
found pmmtne hzmoporetic cells which develop nto Iymphocytes The reticulo

helial cells adsorb sut from the blood and pass them to the deseloping
blood cells  Alterations in nersous discharge will affect the phagocytic activity of
the local macrophage syncytium and thus the rate of growth and differentiation of
the parent cells of the lymphotd senes Iying on the reticular fibres may be changed
Similar conditions exist m the bone marrow  Red and white cells exalve by a
process of differentiation from precursor cells lving 1n the reticubn on which Le
abo the hittoral macrophage synevtum  The function of this syncytmm must
depend 1 part on nerve fibre activity to the reticulo endothehal system m the same

9
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All the above conditions hase been shown to result from lewions of the central
nervous syatew or of the posterior spinal or trigemtnal sensory nerves  The hyper
trophic and atrophic changes are confined to the sensory dermatomes or sensory
supply of & peripheral nerve and not to vascular arcas  Vioreoser, vasodilatation
alone as produced by sy mpathectomy does not led to hy pertrophy of tissues so
that these growth changes are to be related to disturbance not 1n vasculanty or
autononuc nneriation but in posterior ot to, eminal sensory nune root mnem ation
of the affected tissues, hike the variations m the trple response and repur of myurtes
1n these areas

In all the diseases consulered the phenomena observed in the affected tissues
may fall mto two groups (1) kesions ke hemihy pertrophy and those below the level
of a transicre lesion of the cord exhibrting vasodilatation with oser reaction to
noxious stimult as mantfested by exaggeration of the triple response and inflamma
tory reaction to stimul attnbuteble to increased exatability of macrophages
As shown already this state appears to bo related to a cutting off of nervous ympulses
passing to the macraphages by wluch ther phagoes tie actinaty 13 normalls inhubited
It 13 accompanied by overgrowth and hypertrophy of tissues and over production of
fat and pigment  (2) Lesions like scleroderma hemmtrophy and alopeeia areata
showing vasoconstriction with little or no tnple response or mflammatory rection
to novious agents and httle attempt at reparative renction poor healing of injunes
atrophy of the tissues disappearance of fat and fulure to form piment

These observations suggest that a centnfugal discharge of impulses emanating
from the hypothalamus and passing down the cord and to the penphertes vix the
posteriar niert o raotg causes an nubition of phagoes tic actinaty mn the macrophages
of the vanous organs  When n excess these impulses result in mhbition of vital
staining  vaso constriction faillure or dmminution of nflammatory response and
proliferation 1n response to injury In addition these changes are accompanied by
atroply of various tissues and failure to form pigment  Diminution in the number
of these inhibitory 1mpulses leads to the opposite changes with vasodilatation and a
tendeney to mflammation and 19 alsp associated with hypertrophy of the tissues
and excessive fab and pigment formation  Presumably the growth changes like
those 1h response to noxions stimuli are dependent 1lso on alterations in the phago
cytic actisity of macrophages This actisity of nerve fibres 1s 1 fact trophie m
nature It seems therefore that through the medrum of the retienio endothebal
cells under ners ous control the metabolism of varous tissues is correlated with others
and the general metabolism s controlled  The macrophages brng the endocrine
secretions to bear on their target cells Control of the actinity of the retrwculo
endotheli cells by autononuc nerve fibres seems to have been su_gested by Thomas

(1049) and by Morn and Poggro (1949) Voreover Zander and Weddell {1901)
obscrve that the plextiorm arrangement of nerve hbres 1n relation to the corneal
corpuscles suggested that they perform other fanctions than subserying sensation
for example that of nocifensor nerses  The idea that certam posterior nerve root
fibres discharge centnfugally 13 of cour-e contrary to Bell s liw and revives a sumlar
suggestion raade many years ago Once the functional state of macrophages has
been attered Jocally by the applicatron of a stimulus 1t tends to be restored to the
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that the rate of cell division and differentiation of all trssues 18 dependent on nervous
mmpulses  The finer adjustments of the number of arculating cells depends on the
autonomuc system  Depression of inhibitory nervous diseharge 1n relation to the
reticulo endothelial cells of the hemoporetic organs would result in hyperplasia
in these tissues and a nise 1n the number of cells and their precursors in the blood
while d nersous discharge has the opposite effect leading to fibrosis in the
organs with & fall in the number of circulating blood eells of appropriate kinds
Fstablished polycythzma with 1ts associated leucocytosis may well be due to a
permanent acquired or congemtal lesion of the hypothalamus  This has been
suggested previously by a number of workers Conversely some cases of ancmia
may be due to disturbance of hypothalamic function

The Control of Neuronal Function within the Nervous System by the Microgha and
its Relation to Mental Disease

Aa m other tissues the metabolism of the neurones within the nerious svstem
appears to bo controlled by the ph hal cells Like macrophag
elsenhere these are under the mhibitory influence of unmyehnated nerve fibres
the central control of which presumably Lies in the hypothalamus  The activity of the
microghal cells 1s altered by many agents such as drugs towuns trauma etc Chm
cally all of these may produce every varety of mental disturbance such as mama
depression confusion schizoid states or stupor identical i character with those
occurnng without apparent cause Lesions of the hypothalamus may also give rnse to
symptoms 1dentical with those caused by noxa Moreover cortisone which appears
to act primarily on macrophages may produce euphona depresston or more sertous
disturbances such as confusion character changes or psychoses It seems posable
that i all such organic conditions the essential cause hes in the disturbed activity
of the macrophages {micro_lia) controlltng neuronal function within the brain as a
result of the action of the noxious agent or of disturbance of the controllin,, mhibators
nerve fibres In mental disturbance arising without obvious cause mtercurrent 1liness
head trauma etc may temporanly restore the mental state to normal The basis
of the sy mptoms may he 11 an abnormakity 1n the mhibitory nervous control of the
microgha by unmyelnated nerve fibres emanating from the hy pothalamus
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way as the differentiation of the cells of other tissues  The existence of such nerves
controlling the hemopotetic tissue and the diffcrentiation of blood cell precursors
into the mature cells of the eireulating blood s shown clinteally by the following —

(1) In cases of facal or general hemihy pertrophy which are due to diminshed
mhbitory nervous discharge to the reticulo endothelial colls in the affected areas,
the tonsil and lymph nodes hke other tissues are larger on this sde

(2} In the affected areas of scleroderma or facial hemiatrophy which are appa
rently due to excessive inhibitory nervous dischargo to the reticulo endothelial cells
1n tho affected regions, the lymph tissues are atrophic and fibrous and there may be
a microcy tie anemia due to atrophic changes i tho bone marrow

(3) In cases of herpes zoster the Jy mph nodes and bone marrow (Schleicher 1949)
may show mflammatory and proliferative changes even beforo the appearance of
the eruption and secondary anfection (Wyburn Vason 1957) suggesting loss of
mhibitory nersous control of function of the reticulo endothehal celis 1n these as m
other affected tissues

(4) Lesions of the walls of the third ventricle such as hypothalamie or third
ventricle tumours or encephalitis lethargica may also result mn alterations in the
bload cell count (Riddock 1938b)  Such patients may show polycythemia leuco
cytosis eosnophilia or Jymphocytosis  Lesions of the hypothalamus giving rise to
polveytherma up to 9 000 000 cells per cu mm and white cell counts as high as
50 000 per cu mm werp recorded by Guillamn Lechelle and Gargin (1932) Moehhg
and Bates (1933) Laruelle (1934) Lhermitte (1934) and Haynal Graf and Matsch
(1949)  (For revtew see Carpenter Schwartz and Walker 1943) Thece may dis
appear after remov al of a basal tumour  Poly ey themia may gecur with subtentonal
tumours or subdural hematomata and disappear after their removal (Carpenter
Schwartz and Valker 1943 Drew and Grant 1945  Lhermitte 1934) It may
result from a lesion of the basal gangha following carbon monoxide porsoning
(Dittmar 1939) acquired hydrocephalus (Pnimrose 1922)  enceph thtis lethargica
{Schulhof and Matthies 1927  Salus 1933  Mochlig and Bates 1933) from
Huntington s chorea (Schulhof and Mattlues 1927) and concussion {Hecht and
Weil 1929) and may accompan) narcolepsy (Gunther 1920) wluch anses from &
hypothalamie disturbince  Stab wounds tn the region of the corpus striatum and
hypothalamus may also cause a neutrophil leucocytosis (Rosenow 1928) while
diathermie stimulation m the region of the third ventricle may lead to a polsmorph
leucopenia, (Vossidlo 1930)

Cerebral tumours espectally those involimg the basal gangha tend to cause
lymphocytosts or eosmophiliy (Morawiecla 1927 Geerltng  1930)  Traumatic
intracramal lesions may Likewise cause an immediate merease 1 the white cell
caunt (W8 right and Lismgstone 19.3)  Clhincal experimental evidence for the regula
tion of erythroplasia by the central nervous system has alsa recently been brought
forward by Hoynal Graf Matsch Cseley and Ededs (1900)  The influence of the
nervous system on hemopoe.s and regulation of the leucocy tic count w18 Iikewise
shown by Wachholder and Neuberg (1950) and Thalhammer and Jamceh {1951)

1¢ mu.t be concluded that the rate of formation of blood cells m the hwmopoetic
system 13 under nerious control  Thrs 15 merely an eximple of the general rule
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The of Nerves in R f10n of Parts of Vertebrates and Inveriebrates

In worms and other inscrtebrates the cut ends of nerves have a  trophie
nfluence on the regeneration of excised parts (Bernll 1901  Schotte 1926  Loca
tell: 1929 Abeloos 1932 and others) The nervous system has been found to
play an important part in the regeneration of the earth worm for the nerve cord
must be present at the cut surface 1f regeneration 1s to take place from that surface
If the anterior end of a worm 1> cut off and n addition the nerve cord 13 extirpated
for a short distance behund the cut surface an anterior end mav be regenerated from
the place where the nerve cord ends but never from the onginal cut surface (Morgan
1902 Huxlev and de Beer 1934)

In vertebrates such as fish and many amplibia of the imbs or the tail are
severed the part regenerates  The subject has been well reviewed by Singer (1952)
Todd n 1823 reported that imterruption of the scatie perve profoundls affects
regeneration of the hund hmb of the salamander if the division of the nerve be
made after healing of the stump reproduction 1s either retarded or entirely prevented

Jerabl

And 1f the nerve be divided after ductron has d or
advanced thenew growth either remams stat v orit wastes b shnvelled
and shapeless or entirely disapy Singer has shonn that the regeneration of

removed parts depends on the mtegrity of the nerve supply of the stump bothn
the larva and adult and that only the sensory components that s the po tertor
nerve root fibres were the important ones There 13 no accumulation of me<enchsy
matous cells at the amputation surface of a larval or adult amphibman to form a
blastema when denervation 13 performed at the same time as amputation {Schotte
and Butler 1941) The nerve 13 essential for the mitiation of regeneration and acts
as 2 regulating agent of the complex cellular which are responsible for
regeneration

In man when a large peripheral nerve such as the sciatic 13 severed the pen
pheral cut ends of the nerve degenerate and the macrophages around the fine
nerve branches disappear  As shown already the affected tissues show no tnple or
inflammatory response to noxa  The denervated tissues exhibit trophic changes and
may show perforating trophic uleers which may mvolve bone and fail to exhibit
any attempt at regeneration

In cases of tabes and leprosy 1n man the postenor spmal root ganglion cells and
their axons degenerate In advanced ca es of tabes all sensation may be lost m
various parts of the body  In late stages the shin atrophies There 1s generallv a lo »
of subcutaneous fat which may be extreme (marantic tabes) The buecal mucosa
may atrophy and indolent perforating ulcers appear or teeth Lecome camous and
fall out The eye may exhibit optic atrophy atrophy of anv part of 1t or general
atrophy of the globe The Argyll Pobertson pupl with its loss of 13 pi, ment 1s
usual  Osteoporosis affects the bones leading in time to destruction of their articular
ends and even bevond  Bits of cartilage may become eroded and pieces of hone
rarefy d and become detached The bony arch 13 deformed and

K Dhsl bl 1on3 and painless fractures which fail to untte
are common There 13 no redness inflammatory reaction or pyreua  The gut
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THE INFLUENCE OF MACROPHAGES ON REGENERATION OF PARTS IN
VERTEBRATES AND EMBRYONIC DEVELOPMENT

The phenomena of mflammation are followed by and merge nto those of
regeneration  The regenerntion process bears many resemblances to embryonic
development A strihing stnmlarty 1s the accumulation n the regton of mjury of
cells wiuch have the disposition and appearance of the mesenchymal cells of the
embryo concentrations of which gne nise to varous organs Morcover the rapid
growth of this cellular mass and 1its later structural and functional differentiation
resemble closely embryonic formations 1n general appearance arrsngement and
developmental sequence  The regencrate amses directly from and deselops mn nt:
mate relation with adult structures and there 1s no barrier between the new formation
and the old tissues The histology of the r e empl the continmty
and inter relation between adult and regenerating tissue the former passing gradually
nta the latter with no absolute ine of demarcation between the two Moreover
regeneration occurs n typical fashon m the immature animat or 1n the developing
embryo

The regenerating tissue throughout its deselopment 13 nourished by the adult
blood stream and there 1+ no apparent obstacle to free exchange Letween the two
unless 1t be endotheltal in nature Thus the new growth is perfused continuoushy
with substances of adnlt ongin and smportance  Macrophages appear yvery early
1n the area 1 all these conditions  In the case of wounds orinjury theres an merease
m the vital staining of the area and Lization of resting, phages and pen
cytes  Annterstitial matrix 1s then laid down by the fibroblasts and in this reticulin
fibres are first to appear The next change in regeneration of connective t1ssue 1s a
budding of the eapullary endothehal cells at the margin of the injured area and an
outgrowth of capillary sprouts accompamied by perteytes into the matnx and then
the deyelopment of collagen fibres The cells of regeneration  have their ongin
erther dircetly from adult cells by a senes of changes 1n which the cell dnests itsell
of differentinted structures or from primitive cells winch lte among the adult tissues

and are called forth by the injury (review by Weiss 1939 Schotte 1940) The cells
gradually become transformed into fibroblasts lipoblasts angioblasts  chondro
blasts osteoblasts etc Regenerating nerve fibres arsing from the mterrupted ends
of adult peurones mtade the regenerate and are present within 1t m greit numbers
at all stages of deselopment

We have seen that cortisone appears to depress the actryty of macrophages It
also mhabits the formation of fibres new vessels and granulation tissue and suppresses
the reaction to repair (Dunlop 1955}  Such obserations suggest that the actiiity

of macrophages s essentzal for regencration of tiosnes
1
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substances to places where they are required removing waste products which anse
m physiological wear and tear of tissues and reconstituting the grow th of tissue where
needed In view of tho sinularity of embryomic development to regeneration it
seems probable that Joeal macrophages play the same role m the two conditions
They must help to concentrate cireulating physiological substances i the area and
make them asmlable to the multipotential cells of the ting tissues  They
8150 remoy e débms and metabolites  If a normal tissue 18 njured there follows the
ymmediate resction known as inflammation and this merges into that of regeneration
Where one process ends and the other begins 1s impossible to say and often regenera
tion 13 considered as part of the phenomena of inflammation It seems that hoth
are dependent on the same stimulation of macrophages of the damaged tissues
Thus can be explained the stimulation of subperiosteal bone growth that oceurs in
the region of inflammation affecting bone
After removal of a part of the body either a part or the whole of a imb the breast

or & smaller structure or even after a lesser myury 1t 18 usual to find that there 13 an
overgrowth of the distal cut end of the nerves running to the part  Thejy are swollen
and simulate a tumour Such an amputation neuroma however always develops
to some extent after removal of only a very small part  For example such so called

amputation neuromatr  may be found i the base of chronie peptic ulcers chronic
tuberculous ulcers or 1n the bile or cystic ducts 1n long standing cases of gall stones
or ulcerative cholangitis (see Feyrter 1848)

It would seem that n all cases 1 which there 13 damage to & part of the body

or a part of the body however small 1s removed that there occurs a division and a
proliferation of the macrophages which pass into the regenerating tissues  The

growing tips of the nerve fibres later reach the T The 3

< phagl

serve to physiol 1 sub n the 1ating areas

The Neural Crest and Embryonic Differentiation 1n the Vertebrate

As development of the blastoderm of reptiles mammals and birds proceeds the
primitive streah appears in the dorsal midline It represents the blastopore of lower
vertebrate ova From the sdes of the streak the lateral mesenchyme 13 largely
denived and grows forward and laterally This consists of stellate multipotential
cells Iying n a mucinous matrix  From the antenor end of the primitive streak cells
grow forward and differentiate into the neural folds the notochord and mesoderm
The neural folds rum parallel to the long axis of the embryo on either side of the mid
dorsal hine and nse up and fuse 1n the mid ine  Before they fuse the neural crest
differentiates and forms cells at the summt of the neural fold and 1ts cells migrate
mto all parts of the body

As s00n a8 the primitive multipotenttal mesenchyme cells appear and begin to
differentiate there are seen among them vitally staming macrophages (Maximov
1909) and fine argyrophil reticulin and later collagen fibres Macrophages appear
very early mn embryome hfe  New formation occurs from these around blood vessels
nerve trunks and m the tissues generally In the middle of embry onic intra uterme
hfe the loose connective tissue 1s so rich i macrophages that 1t resembles the
inflamed connective tissue of adults (Mavimov 1909) The primitive multpotential
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becomes sluggish msensitive and atroplue the bladder msensitive and thinned and
may become gangrenous and perforate  Indolent pamless perforating ulcers
frequently develop usually on the feet  In the region of the ulecrs the bone may
become rarefied and neerotic and the pieces extrude through the uleer We harv,
shown abos e that both nerve fibres and macrophages have been shoswn to be sbsent
i theso areas and that m the regton of such necrotic ulcers tho trple response
could not be ehcited

In cases of leprosy there are also found similar atrophie changes 1n the penpheral
nerve axons  The skun atrophies  Lhe hair becomes bnttle and 1 shed At the
hmb cxtremities & panatrophy nvolses nals skin harr subcutancous tissues
muscle and bone  Terminal phalanges become thichened and shortened rarefy and
evontually are adsorbed  Perforating ulcers open sores through which fragments
of necrotie bone are extruded and arthropathies deselop They resemble those of
tabes  There 1s no inflammatory response or attempt at regeneration after damage
by noxa which mstead causes necrosis  Similar changes are found 1n the buceal
and nasal mucosz and the bones and tissues of the face are insolved The stmulanity
of the changes to those occurring n tabes 13 obvious

In normal conditions the macrophages are congregated around the finest branches
of the unmy elinated nerve fibres  In all the above chimeal conditions these nerves
hate disappeared and macrop} are no longer present in the tissties in any num
bers Anmjury to the shan or deep tissues including bone fails to heal s pamless
and results in bttle or no inflammatory response and no tnple response to noxious
stimuli  Instead injury leads to necrosis and this may spread  There 18 no attempt
at regeneration and redifferentiation of tissues  All theso phenomena would seem
related to the absence of macrophages in the tissues

This v1ew agrees with that of other worhers who believe that the development
of granulation tissue 1s apparently dependent on the mutial activity of the macro
phages (see Franceschint 1955) Oberhng and Bouetn (1931) for example followed
the effect of Llockage of the reticulo endothelial system on the regeneration of
wounds m rats and concluded that 1t markedly interfered with the wound healnz
Agam after surgical removal of a portion of iy er or when large numbers of hver cells
are hilled by disease or intovieation regeneration ocenrs frequently  Before this
takes place there 15 an outgrow th of hupffer cells into the tissue spaces where reticnlin
fibres are formed (1lorey 1954) This scems to be an essential phenomenon The
perichondnum and periosteum have been shown to control the nutntion of the
cartilage and bone cells respectively  In regencration, as in embryonic development
of bone the periosteum with its macrophages 1s essential ~ Carrel (1922) and hia
fellow workers (Carrel and Lbeling 1926) showed that macrophages exert a trophic
action on other cells which res eals itself duning tissue proliferation and regeneration
He found that they promote the multiphcation and differentiation of epithehal
cells and tissue culture fibroblasts  They majy stimulate the growth of tissues
or orgamsms  Jaffe (1938) also thinks that macrophages may stimulate the Lrowth
of vonnective tissue and of coverng eprthelium Carrel (1924) observed that free
macrophages serve apparently m the nutrition of the inflamed tissue by carrving
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medulla the ssmpathetic ganglia 1n the retropenitoneal region on the aorta 1 the
pres ertebral ganghis of the sympathetic and m the sy mpathetic plexuses such as the
coeliae superior and inferior mesenterie the tympame hody m the heart (VW 1essel s
cardine pariganghon) ladney renal peliss ureter liver (Maximov and Bloom)
uterus testis epididymis prostate ovary (Maximov and Bloom) and parodphoron
[he most prominent paraganglia in man are two aortic bodies Iying anterior to the
aorta 1 the region of the inferior mesenteric artcry  Chromaffin cells are always
found 1n relation to nerve fibros and usually 1n relation to vessel walls

(7) The chromatoblasts In mammals pigment prod cells or
normally oceur 1n the eprdermus hair and eye (i3 retina and choroid)  Sometimes
they are also found 1n perivascular regions 1n the leptomeninges or brain on the cere
bral (pral) vessels 1n sencory orgins in the sympathetic nervous system adrenal
medulla and per1 coelome tissues and 1n the intestinal wall and gall bladder (see
Alasson 1948 Dushane 1948} All igment producing cells appear to be neural crest
mongin  Pemoval of the appropriate region of the ncural crest tissue i vertebrate
embryos (amphilna reptiles birds and mammals) causes failure of the prgment
producing cells to appear 1n the shin hair mucos= or eye (ins retina and choroid)
If the limb buds of an embryo are grafted heteroplasticalls at an early tail bud stage
the limb acquires host mgmentation if at a later tail bud stage 1t acquires donor
pgmentation  In the former ease the mugrating cells from the neural crest have not
retched the bud at the time of transplantation but in the latter have already
entered the graft

(8) The satellite cells of the ganglion cell bodies of the posterior root ganghon
and the similar capsule cells of the autonomic gan,khia and their homologues and the
sheath cells of Schuann (neurilemma cells) with which they are continuous by therr
processes  Schwann and satellite cells both yield macrophages i tissue culture
(Weiss and Hst Wang 1940)

(9) Some at least of the endo and pert newral cells wiich are macrophages and
fibroblasts are al o denved dey elopmentally from (he neural crest ceIIi (Horstadius)

(10) Many of the cells of the The p; hnotd ) 19
continuous with the endo penneurnum and like 1t contams ﬁhmblaits and macro
phages the latter especially common alon, the neuro vascular channels If the
neural crest 13 removed early 1n devel the pia hnord shows atypical and
defective development A varying number of melanoblasts can often be found 1n
the pia arachnoid and around the cerebral vessels and these are of course derrved
from the neural crest

(11) Macrophages Many workers have concluded that the interstitial cells of
Cajal are neural i tvpe and ongin and clamm they are continuous syncy tially with
the Schwann cells which are undoubtedly neural erest m ongin  Again much
evidence 1 favour of a neural ongin of the Hellen Zellen cells and cells of Langerhans
of the epidermis has been adduced It has been demonstrated aiready that the
nterstitial cells of Cajal the Hellen Zellen of Feyrter the basket cells and the cells
of Langerhans 1n the epidermis are really macrophage 1n nature Furthermore
the satellite and Schwann cells the endo penineural cells and many of the cells of
the meninges are all macrophage 1n type and are all of neural crest ongin  There 13

Tanoblast
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mesenchymo cells gradually become transformed into fibroblasts, lipoblasts angto
blasts chondroblasts osteoblasts and blood cell precursors

Tho cells of the neural ercst are ndistingmishable from other embryonic cells
duning therr pertod of mugration  Yet they have reached all regions of the chick
embryo by the fourth day of ncubation and all regrons of the mouse by the tuelith
day of gestation  The cells migrate (1) Iaterally just bencath the epiderms (2}
dorsally to lie abose the cord (3) sentrally in farcly coherent sheets on both sides
of the cord between 1t and the myotomes to reach the region of the ventral wall of
the neural tube and notochord They pass even more ventrally i relation to the
worta and cardmal vemns and ducts of Cuvier to form the cells of the sympathetic
gangha primtno sheaths of nerves and chromaffin bodies with further outposts
moving into the viscern such as the heart lungs liver hidnes adrenal gonads ete
The neural crest dernvatives are thus often pernyascular

A good review of the development of the neural erest and its derivatives s given
by Horstadius (1950) (sce also Huxley and de Beer 1934) It has been shown that
the neural crest gives nise to a large number of cells i different parts of the body
many of winch were not presiously hnown to be dernved from it The cells directly
dernved from the nugrating neural crest cells are —

(1) The cranal sensory nerve gangha and their nerve cells and fibre¢ (part of which
may also be contributed by the placodes of lateral ectoderm of the head)

(2) The dorsal spinal root ganglia and theiwr nerve cells and fibres

(3) ke sympathetsc and parasympathetic gangha (? also from the ventral part
of the cord) The ganglion cells aro surrounded by satellite and mantle cells and
therr axons by Schwann cells

(4} The enteric and visceral gangha neuroblasts meluding the cells of the local
nerve plexuses of the lungs heart gut uterus glands ete Tho ganghon cells of
the sy mpathetic are normally surrounded by sateliite (capsulo) and mantle cells and
their avons by Schwann and endo perineural colis

(5) The Rohon Beard cells These are giant ganghon cells forming sensort
pathwuays m the dorsal part of the cord in embryos and larvee of lower 1ertobrates
(fish and amphibia)  After bilaternl remos 2l of the neural crest these cells are laching
m the corresponding regions of the cord (Horstadins) The prinutive neural crest
cells evidently mugrate nto the central neryous system It 1s possible that the same
phenomena occur 1n mammals

(6) The chromafin (or argentaffin) cells Developmentaily all the cells destined
to become chromaffin cells omgmate 1 the neural crest though they cannot be
Asffurentiated from other cells of nervous orgin mn the sympathetic primordia mn
early embryos They are the lurge cells of the sympathetic gangha They drfferen
tiate before the nervo cells of the sympathetic although they anse from the same
blastem? as the Iatter They assume the charactemstic appearances of chromaffin
elements relatively Jate durng embryonie development (see huntz 1953) In
doveloping fishes and other lower vertebrates a group of chromaffin colls (para
ganglia) 18 thrown off from each ganghon of the sympathetic chain and comes
mto contact with the tmibutanes of the cardinal vemns Some remmr;’ mgx tht;
sympathetrc gangha In adult humans chromaffin cells are found in the adrenal
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from a very early stago and durin, the early stages of deselopment of the central
neryous 8y stem no blood neural barnerexists  Immigration alwavs oceurs n relation
to the first blood vessels and to the attachment of the choroid plexuses and meninges
The microghal cells invadoe perivascularly especially 1n certain areas the three
fountains or nosts where the pia comes into close contact with the white matter

These are at the points of entrance of the choroid plexuses of the third and fourth
ventricles and around the leptomemngeal vessels of the interpeduncular fossa
(Pamon y Cajal 1933) The cells also enter beneath the mentnges related to certan
nerve tracts which are deyelopmg about the same time as the migration takes place
They are the site of formation of the cerebellar peduncles at the margins of the
internal eapsule 1n the fornic and corpus eallosum around the optic tracts and in the
rhinal fissure  They also enter at the mite of attachment of the posterior nerve roots
to occupy the whele ipsilateral half of the cord and also with the memngeal blood
vessels (seo happers 1020 Rudberg 1932) At the time of microghal migration
the nervous system consists only of undiff d blasts and spongioblast:
from which astrogha ohgodendroghs and ependymal cells anse The amount of
microgha n the deseloping central nersous system 1s directly proportional to the
stage of development of the neuraxis

Since many of the cells of the pia arachnoid 1ncluding macrophages seem
derived from the neural crest and microghal macrophages invade from the pia

hnowd then ¥ bly lia 18 also ¢etodermal and of neural crest ongin

(13) Cells of the cramal neural crest extend v entrally mto the region of the visceral
arches They give e to some of the cells of the mesenchyme of the head region
{Horstadius) If the neural crest of the head 18 remoy ed bilaterally early m deselop
ment the visceral arch cartilages chondrocranium and membrane bones of the shull
teeth nasal sacs auditory vesicles and lateral Ine sense organs fail to form normally
By following the migration of vitally staining neural crest cells theseappearto become
directly_converted mto cells of the head cartilages and visceral skeleton (Huxley
and de Beer)

The Effect of Macrophages on Embryome Differentiation

All the fundamental ph of morph and h aro indepen

dent of thoso phystological actions of the nervous system which we call conducted
inpulses or excitations The speaific character of all organs 13 determimned long
before nerves make thewr appearance Histological differentiation of considerable
perfection has been obtamed mn tissue culture and n transplantation that 1s
conditions m which no nervous influence could reach the tissue Thus the major
traits of differentiation do not require the presence of nerves Euen those tissues
which later come under the most direct control of the nervous system the muscles
and sense organs deselop first m full independence Explanted myoblasts differen

tiate 1nta contractile muscle fibres (Olino 1925 1928 Holtfreter 1929 1033) with
cross stnation (Goss 1933)  The capacity of self differentiated heart muscle to
pulsate 1n the absence of all innervation has been the most convincng test of the
purely muscular ongm of the heart beat Limbs which have been pres ented from
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direct cxperimental ey tdence that all macrophages are so derved  Clark and Clark
(1930) studied tho first appearance of macrophagesin the tag of v ery early amphibian
Tarve and avolot! Jarve  In axolot! larse they examned the tail when ropresented
by only a small pointed bud contamng s thick opaque central mass and two narrow
dor<al and ventral fin folds cach eomposed solely of two layers of emdermis  This 1s
at o stago pnior to the formation of blood capiliartes in the tail fin and the mamn
vessels have not yet revched the reglon  The cells can thus not have been blood
borne  Later some cells migrate from the blood vessels In the central mass four
Tongstudinal divisions could be distingwshed
(1) Lving dorsal to the cells which become the cord was a strand of cells at first
without cell houndaries and from which eclls nugrate to the dorsal fin at
an early age
n) A dor<al strand which becomes the caudal portion of the spinal cord
{m) A central strand becoming the notochord
(1v) Anventralstrand at first apparently undifferentiated with no cell boundanes
and contaming volk  This resombles (1} and from 16 cells mgrate mto the
sentral fin - Strands (1) and (1) give nise to pigment producing cells and
macrophages It was found that three types of macraphages arose from it
(a) histord wandering cells (5) macrophages  which nugrate to the fin
margt and eventualls become chromatophores (pigment bearing macro
phages) (c) cells which form the canahcular (lateral line) apparatus

In the later sta,es of faetal Iife the majonty of the histord wandenng cells (macro
phages) pass 1o a resting stage (resting wandering cells) and may either persist in
this form or assume the appewrance of fibroblasts Thus it seems that the first
macrophages of the body onginate around the cells which form the neural folds
and 0 the region of the neural crest cells and are found in the paths of migration
of these cells 1o embryos  Vith other cells snch as chromatophores which are also
of neural crest origin they mugrate outwards to the peripheries  Thus macrophages
appear to be of ectodermal rather than mesodermal ongm as 1s usually thought a
suggestion 1 accord with the meso ecto dermal nature of many other mesenchy
mi  elements first shown by Platt (1893-97)

Such conclustons may explain why after Wilateral extirpation of the arch neural
crest the healing of wounds often proceeds very badly (Horstadws) Tius 1s
presumably due to the failure of neural crest macrophages to pass to the wound m
suffictent numbers

(12) Macroghe In the central nervous sistem the phagocstic and vitalls
stain,, marroghal cells do not orginate within the nervous system but nugrate
into 1t early m devel from the lep The develop of ricrogha
1s desersbed and reviewed mn an excellent article by hershmann (1939) Van Santha
and Juba (1933) showed that in rat embryos the eathest appearance of microgha 18
related to the first evidence of vascularization of the central nervous system In
chick embryos microghal cells begin to made the bram on the fourth day of incuba
tion Kershmann dentified the cells in human embry os of 5-8 mm Macehi {1949)
showed that microghal cells are present i the central nervous sy stem of chick embri o3




MACROPHAGES IN RECFNFRATION AND DEVELOPMFNT 141

along developing fibres forming a tubular sheath (neunlemma) around them  Inside
the sheath the cells (cells of Schwann) preside aver the deposition of myelin  If the
neural crest 13 remos ed as soon as1t appears motor fibres fail to migrate mto the hmb
muscles normally  Sheath cells appear to constitute an essential element in the
environment for normal development and distnbution of motor fibres to Imb
museles  The formation of myvelin depends on contact of Schwann cells and nerve
fibres  Whether an axon becomes myelinated or not depends on the property of
the axon and not on the Schwann cells It appears that neural crest cells 1n the
shape of Schwann cells act as pilot or pathfinder cells and migrate mto the
developing tissues to which they guide the outgrowing nerve fibres They further
serve a trophie function 1n relation to nerve fibres and control therr differentiation
outgrowth and myelin formation  Axons cannot exist in the absence of these cells
The homologous capsule cells control the function of the ganglion cell bodies
{2) hershman (1939) obtamned evidence which suggested that collections of
nucroghal elements explaned the direction of growth of nerve fibres in the developing
central nervoug sy stem by chemotaxis of nerve endings and in fact that the microgla
acts on the nervous system like the corresponding Schwann cells 1n the developing
peripheral nerves serving to control growth and differentiation
(3) The pra ‘hnotd many ph and recenes cells from the
neura] erest  If the neural crest 13 removed early in development the pia arachnoid
{leptomemmges) shows atvpical and defectise development This suggests that the
macrophages migrating from the neural crest mav be the essential cells necessary for
the normal development of the pia arachnod
(4} In the developing thyroid of vertebrates are found the so ealled grey cells
parafollicular cells or macro thyreocytes described by vanous worhers (Godwin
1937 and others) which also stamn vitally with intra vital dves  Thejy persist m the
adult as macrophages 1n the interstitial tissue (see Bargmann 1939) These cells
often lie tightly pressed against the dexeloping folhicles They have been shown to
exercise an mfluence on the development of the follicles
(5) For the normal embryonic development and differentiation and contmuous
health of both cartilage and bone and for reformation of the latter after injury the
perichondrum and the periosteum and endosteum with their contained macrophages
are essenttal  Cappell (1929) deseribes the presence of free macrophages 1n close
apposition to the bony lamellz m the developig bones of young animals  They
serve a troplue function in relation to developing bone
{b) Again the neural crest 1s necessary for the formation and thickerung of the
corum  The migrating neural crest cells 1n contact with the ectoderm of the embry o
cause merease 1 the number of cell divisions and thickening of the eprdermes
(Magner 1949) The melanoblasts of the epidermis have been seen to be derved
from the neural crest The only other cells of the epidernmus which might be of
neural crest origm would appear to be vutally stammg clear cells and cells of Langer
hans which seem to be macrophages and to which nerve fibres are m close relation
ship  Thus the macrophages are perhaps essential for the normal growth and
differentiation of the conum
Head neural crest cells appear to migrate to and be converted drrectly 1nto
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recenving nervous outgrowths nevertheless develop normal musculature (Ham
burger 1928) Consequently the stimulus of functional acin 1ty, which 13 ordinanily
mediated to the muscles by their nerves 13 mrelosant for muscular differentiation
Sensory organs can likewise dovelop mn the nbsence of innervation (Stone 1933) So
can bones and jomts 1 explanted imb buds jomts form in therr typical posttions
notwithstanding the absence of all movement (Iell and Cant: 1931)  After the
Jomts have formed tho bones fuse again owing to the lach of movement

It has been shown that the cells of the neural crest of the head region are essential
for the differentiation and deselopment of the nasal sacs placodes of the head the
sucher and balancer organs 1n the head and external gills in Jower vertobrates the
eyes the teeth the auditory sesseles latera! hine organs and taste buds (which are
related detelopmentally and in evolution) and the visceral arch cartilages chondro
cranuim and mecenchime of the head the neural crest cells betng comcrted directly
snto these structures  Apart from the direct cons ersion of neural crest cells mnto the
cells of the various head structures from numcrous obscryations (see Horstadis) 1t
hag been deduced that the nugrating neural crest cells exert influences on the gros th
of other cclls and tissues  If o length of the neural crest 15 removed as soon as 1t
appears the tissues which normally recerse the migrating neural crest cells partialiy
or completely fail to develop Thus crest cells are essental for the formation and
thicheming of the cortum and epidermis (Wagner, 1949) Again the cells of the trunk
neural crest nugrate m the mesenchyme to the outer side of the myotomes and mnto
the dorsal and ventral fins (Raven 1931) The trunk neural crest 1s necessary for
the formation of the fins both mesodermal and eprdermal elements  If only a short
portion of the trunk neural crest 1s removed opposite the area where the dorsal fin
appears a corresponding gep 1s sud to oceur mn the dorsal fin during development
The elongation and stretching of the notochord and musculature and the metamenc
arrangement of the latter are tkewce dependent on the presence of the trunk neural
erest cells  In the absence of the neural crest the mutral elongation of the ta) bud
stops nd regresston of growth seta in (Huxley and de Beer) <o that the differentr
tion of the tail scems dependent on the neural crest cells

We have seen that macrophages are present m large numbers 1n all t1 sues from
= very early stage of development In view of the deductions already made with
regard to the role of macrophages 1 normal and degeneratmg tissues and the
simihanity of developmental and regenerati e processes 1t would be expeeted that the
macrophages were es ential for the feeding of the developing and differentiating cells
of the embryo  The possibihty that macrophages may mnfluence the growth and
dufferentiation of other cells nas first demonstrated when colonies of macrophages or
monocytes from the spleen werc planted adjacent to colomes of fibroblasts
the plasma coagulum (Casre} 1921) The wandering cells from the spleen sury ned
ind multiplied 1n the plasma alone m this way differing, greatly from the fibro
blasts  which normally do not multiply in this medsum Vi hen the two groups of
cells were planted together 1t was found that the fibroblasts alo multiphed
rapidly  The macrophages played the role of collecting the serum constituents mto
food for the fibroblasts  Therr role in the embryo 1s shown n other ways )

(1) Intheembryo neurlernmal sheath (Sehiwann) cells normally group themselies
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mutual inductiv e influences on therr Inter and d ton  Thus
the brain and notochord mutually induce one another In the development of the
teeth the dental lamina which 1s an ingrowth of the oral emthelium into the sub

Jacent mesenchyme becomes thichened in certrun areas over condensations mn the
underlying mesenchyme The thichenings form the enamel organ the condensations
m the mesenchyme the dental papille  The cells of the latter are odontoblasts

Dentine 13 only formed under the influence of odontoblasts 1n rontact with oral ecto

or endoderm (Holtfreter and Hamburger 1900) On the other hand enamel 1s only
formed by the ectodermal enamel organ in contact with a tooth papilla Ty ler {(19.0)
demonstrated that the forces responsible for the specific adhesion or non adhe<ion of
cells and tissues that 1s attraction duning development appear analogous to antigen

antibody reactrons and through this are related to genic action Thus when dis

soctated cells of different species are rmxed m a medium coalescence 13 found to
occur only between those of the same speeies It 15 also possible that patural auto

antibodies may act directly as inductive agents  The migration of neural cresi cells
to their defimtire position the attraction to one another of the cell elements forming the
teeth and kidney the grouth into a lissue of nerre axons and the attraction of macrophages
o a developing part presumably depend on such processes It follows that should
genetic mutation occur during development these forces of attraction and induction
between cells would be disturbed and major developmental anomahes might ance

such as errors of neural crest cell migration or innervation of tissues or fajure of two
parts of the teeth pnmordia or hidney primordia to grow together
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mecenchymal cells but i addition 1t secems probable that el.ewhere macraphages
tncluding their specralized Jorm the Sehuann cells are neural erest cell uhich migrate
lo all parts of the body and are essential for the normal grouth and differentiation of the
tartous tissues  These cells pass to and settle down n all tissues where they control
the metabolism of the cells by adsorbing urculating food substances passing them
to the growing cells and recesving thar wasto products  When the neural crest 13
removed over an area the macrophages which would normally migrate from the
removed areas fail to pass to the developing hissues such as the pia arachnoid
shin teeth fin ete so that the differentiating primitrve cells are unable to obtam
food for their growth  In the developing eye the retmna 15 of neural ongin and the
cells concerned are microghal in nature  In the other coats of the eye the cells are
macrophage m type  The migroting macrophages from the neural erest passing to
all tissues of the body would appear to be an essential hinh 1n the action of the chenuesl

organizers  of the embryo which they concentrate and brng to bear on therr
target cells i the developing and differentiating organs  Thug retienlo endothehal
cells and the neura) erest and its dern atrs es serv e a truly trophic function m relation
to other embryonie cells

In the embryo the growth of nene fibres mto relationship with the macrophages
of a tissue oceurs at a later period than the macropbage migration to the same tissue
In ecrtam curcumstances for example berugn conemtal tumours the outgrowmng
nerve fibres of the embryo fall to come into relationship with the macrophage
synevtium of a tissue (see below)

In early development the neural crest ccls nigrate in close relotionship to the
Jarge vessels Iying dorsally on either side of the notochord and many of these cells
remam m this pernascular position and migrate to varous situations hyng on the
blood ves (J¢  They arc seen as the penvascular melanoblasts and the chromaffin
cell precursors thrown off on the tributares of the cardinal yeins of the embryo  Their
denivatives appear m this per scular situation an the adult for example as the
paraganghn  In the earliest embrvos macrophages from the neural crest come into
close relationship with the wlls of the developmg large vessels and miade a diffe
rentiating tissue uswally around the capillaries in the form of pencytes This s
very well seen in the developmg centril neryous svstem

Any influence acting on the mecrophages duning embryonal deselopment may
alter the rate of or otherwise interfere with normal growth and gie i e to some
munor type of congental abnormality of growth such as occurs in cases of rubella
affecting the pregnant woman Tlus may explam the occurrenco of cleft palate in
the offsprin,, of mothers given cortisone m early pregnaney (Harns and Poss 19.0)

Duning normal development many different cells exhubit attraction to one
another resulting i migrations or & tendency to grow together This 15 seen 1n
the attraction of growing ends of nerve fibres mto relationship with druding cells
(Weiss 1955) and in the mugration of neural crest cells and of the Wolffian body  In
the des eloping hadnes the cells of the nephrogenic cord grow into contact with those
of the uretene bud the outgrowth of the Wolffian duct to form the secreting and
collecting unsts of the Judney The twan prinutrve heart tubes and nevral folds also
attract one another and grow together Neighbounng cells and tissues often exert
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while subjeet to exception 1s 80 generally true as to establish the greet sigmficance
of chronic 1rritation as a factor it tumonr genesis (I wing) Thus warts may oceur
on cczematous shin or followmng herpes zoster (VW vburn Mason 1950} or herpes
simplex (W3 burn Mason 1907b) Fibromats or angiomata may appear after zoster
Lichen simplex of which pruritus sub e 1s a vanety lchen planus psorasts and
eczema ncluding varicose eczema mas be followed by mahgnant change to rodent
ulcer or squamous carcinoma  alignant tumours of the shin may also follow
herpes zoster (W vburn VMason 1905) or herpes simplex (W yburn Mason 19.7a) In
mucous and ulcerattve colitis the inflammatory and ulcerative changes are present
1 the mucosa of the colon Polym may form and show a tendency for malhgnant
change to occur
The hangr: cancer deselops on the abdomcn of the hashmir natives as a result
of repeated 1mtation by the heat of the earthenware vessels which thev carry next
to the skan for warmth  Lpitheliomata of the shan mty appear in the areas of burns
mjury lupus 3ulgans or osteomyelitic sinuses (Marjoln s ulcer) (see Hueper 1942)
Frost bite of the ear or extrermties which leads to inflammatory changes and
hyperkeratosis may be followed by squamous carcinomn of the shin (Hueper) In
the buccal mucosa malignancy mayv develop 1n an ulcer resulting from the chronic
intation caused by sharp teeth or as a result of repeated burnsin clay prpe smohers
when 1t 15 usually preceded by the chrome mflammatory change known as leuko
plalia  Leuloplaki in the pharnyx and ccsophagus or 1n the vagina also predis
poses to the development of malignant change The site of predilection of eesophageal
cancer 13 at the point of narrowing where contact with food and imtants 13 most
mtimate and prolonged The changes in the tissues i cases of gastric uleer are
those of o chrome nflammation and this predisposes to malignant change The
mucosal scars on the stomach resulting from drinkimg of acids alkalies and other
Is not nft 1y turn mal (see Hueper) Experimentally gastrie
carcomata were produced 1 rats by feeding them on cochroaches nfected with
nematode worms which eause chrome irmtation (Fibiger 1913) Malignant change
1n the bladder rectum or hiver has followed the chrome imtation and inflammation
resulting from the presence of hook worm ova Malignant growths of the gall
bladder or pelvis of the ladney hate arsen from chrome trmtation of calouhr A
carenoma of the uterine ceryix not mfrequently develops in an area of chronme
cerviatis  Carcinomata, of the bronchial mucosa may appear i regions affected by
chronic pulmonary tuberculoss or bronchiectasis or around foreign bodies (S1ddons
and Macarthur 1952)

Hormonal Influences on Tumour Formation

The uterus breast prostate and thyroid gland are organs whose activity 1s
largelv controlled by hormones and cvclical increases m their activity and growth
followed by regression occur dunn, hfe Admimstration of cestrogens produces
hypertrophy of the breast thyroid and wterus Large doses or prolonged admim
stration may be followed by the appearance of leiomyomata (fibroids) or caremoma
of the uterus adenomata or carcimoma, of the breast adenomata of the thyroid or
chromophobe adenomata of the pitwtary gland (Gardner 1948)

o r
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PART 111
THE ROLE OF MACROPHAGES IN TUMOURS

CHAPTI P VNI

KNOWN AGENTS CONCERNED IN BENIGN AND MALIGNANT TUMOUR
FORMATION

A NUMBFR of a,ents aro now hnown to predispose to the des clopment of both
benign and malignant tumours  Thas prolonged exposure to the clements especially
sun and ultra violet Iight favours papiliomatous formation and the appearance of
rodent uleers and squamous caremomata 1n the shin  Chronie exposure to M rays
may Jead to bemgn tumour formation such as papillomata of the shin angioma
hpomata fibromata ete to rodent ulcer formation or to malignant change which
may affect any trssuo  The admimistration of arsenicals by any route may 1f long
continued cause tho appeirance of paprlomats or angiomata m the shin or to
mahgnant change to rodent ulcer or squamouns caranoma  In addition malignant
growths of the internal and other organs may occur These melude earcinoma of
the tonsil @sophagus stomach colon hidney bladder prostate panircas breast
bronchus and sarcoma of the chest wall  They are sometimes muitiple (Sommers and
McManus 1043} Tho whalation of both suchel and chromuum compounds may
alse result in the appearance of maliynant growthy of the nasal passages and broncht
(Hueper 1947) The entrance of such substances as phosphorus arsemic lead
manganese copper alcohol chlormated hyvdrocirbons coal tar et mto the hver
may result i multiple nodular proliferations of the bile ducts and Inver cells and
adenomata of the Iver and Iile ducts Later cholangio carcinomata and hepato
careinomata may oceur (see Hueper 1947)

Amline dye worl ers are predisposed to papilloma and careinoma of the bladder
Smobing appears to favour the development of bronchial earemoma winte chrome
exposure of the skin to tar or the carcinogeme agents derned from 1t leads to the
appearance of warts or papillomata rodent ulcer or squamous ciremomst  Chronte
writation by tar or its actino constituents will produce experimenta) cancers m the
oral cavity stomach and wmtestine  \Lhen mjected nto the tissues extracts of tar
may canse sarcomata or lenhamia (see Willis) Many azo compounds including
dves halogenated aliphatic bydioe irbons and urethane are also carcinogenie in the
Liver The filterable agent responstble for the Shope skin tumonr i rabbits mduces
both bemgn paplioma formation and squunous carcimoma

Chrome 1mitation and tlammation may result both in bemgn tumour formation
1n malignant transformation  The role of chrome irmitation and its resultant
tion m predispostng to the develop of mahg v 15 generally
wrthout chronic mflammation cancer does not exist

14

and also

accepted  Billroth s dictum
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the testicle on one mde  This nes er subsided and afterwards gradually inereased
size with the onset of malignant change Sarcomata of bone are known to develop
directly as & result of fracturo in certamn cases I have observed the appearance of
an osteosarcoma of the radma deielopmg during the healing of a fracture sustained
by = fall on tho hockey field An osteosarcoma of the nibs of a dog, followed the kick
of a horse (Schulte and Welz 19)2) and a bone sarcoma after uncomplicated healing
of a fracture of the mandible due to a shot wound (Schmutt 19.2) A number of
well d d cases of t carcinoma, of intestine and colon are known
(ses Hueper 1949) Cruber (1923) records a case of abdominal erushing which was
followed by the development of pylone caranoma  Melchior (1929) another which
was followed by earanoma of the sigmoid colon  Sauerbruch (1925) desenibed a
case 1n which a blow 1n the night flank was followed by hematura and later by the
appearance of a sarcoma of the nght hidney  Ruechart (1923) a case 1n winch a
blow on the left side of the trunk g ded the devel of a hypernepl
and Wells and Cannon (1930) one m which a blow on the chest appeared t0 lead to
caremoma of the bronchus  An epithelioma of the male urethra followed 1njury 1n
the case descnbed by Cooke {1952} and carcinoma of the pemts similarly developed
n Amelar s (1956) patient  plasmocy toma (myeloma} of bone followed trauma n
that of Schmauss {1902)

Thero 1s a small number of cases for which an important =tiological role of trauma
in the subsequent development of ghoma must be sustained Marburg (1936)
recorded one in which a ghoma ouginated from scar tissue i the bram of & man
wounded five yoars previously the bullet remaimng lodged m the brain  Neuburger
{1926) and Fischor Wasels (1932) described simular cases Merzbacher and Uyeda
(1910) reported the history of a young man who immediately after a fall on his head
developed the symptoms of a night sided skull fricture  Some time after the acerdent
epileptiform attacks occurred with increasing sevenity and frequency At death
threo and a half years after the injury two large tumours were found 1 the right
brain at autopsy The two tumours differed in colour and consistence and one
partly surrounded the other The more superficially located sarcoma originated
from the pia arachnoid while the second tumour a ghomn was situated beneath
originating from the cerebral tissue The demarcation between the two tumours
was sharp m places while there was a mutual penetration 1n other areas In
addition to the tumour several foa1 of traumatie softentng surrounded by a zone of
glial tissue were found in the brun

Congenital Tumours

In many subjects benign lesions called tumours but which may well be termed
congenital malformations are found at birth They consist of papillomata angio
mata pigmented or vascular nevi hpomata fibromata ete They have the same
structure as the simlarly named tumours developing post natally  They may under
go malignant change In some cases a malignant tumqur 1s present at birth or
develops soon after These are usually sarcomata Wilms tumours of the kidney

or neurobl. (Wells 1940)
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Trauma Preceding Tumour Formafion

Weo hiave scen that Jocal trauma however produced results in stimulation of
phagocytic activity of the macrophages and ths 1s followed by repair proceswe 1n
which redifferentiation of multipotentisl cells tahes place  Followmg injuny
bemgn tumours or malformations may develop Faworshy (1932) deseribes the
formation of neurofibromata, after mjury to the peripheral nerves In some subjects
Jocal trauma has given rice to an angioma (see Lowenthal 1895, Ewing 1940)
The author has observed this chango following & bumn on the palm w a child of
7 vears  a scrateh on the cheeh 1n a child of 3 months  a spramn of the ankle in
a gurl of 16 years, a blow on the back of the thumb wth the starting handle of &
car1n & man of 33 years, and sitting on a hmtting needlo m 2 yoman of 28 vears
Lipomata may also develop at sites of trauma or pressure such as that of a corset
(sce Buschke and Mattisohn 1914 Hueper 1942 Adair Pach and Tarnor 1942)
They mav follow the njection of many different substances such as atsemc quintne
1ron or nsubin into the subcutaneous trssues (Adair et e Sutton and Sutton 1939)
On three occasions the author has observed cases 1n which a parotid swelling arose
immedtately after a severe blow over the gland  This did not subside but later
ereased 1n size and subsequently proved to be a mxed savary tumour

The role of trauma in the production of maliynant change has been much dis
cussed  Owing to the constant exposure of the body to trauma which occurs without
mahignant change developing and the argument put forward that trauma only drass
attention to a condition already present there are many who deny 1ts role n pre
capitating mahignant change mn the tissues  Statistical methods are often apphied
1n attempts to assess the role of trauma n causing malignant change Ewmng (1940)
remarhed that the relationship of trauma to cancer would be greatly sumphfied
1f the statistical tendency were repliced by clearer 1de1s of the results of trauma n
different tissues and the mechamsm by which such lesions lead to tumour growth
Studies in this field are as meagre ts the statistical contributions are superabundant
As regards the shin however the role of trauma 13 generalls accepted and books on
dermatology contan many examples of thi relationsnp  This bemng so 1t seems
meonastent to deny its importance as a factor i cattsing malignant change in other
tissues  Sequerra (1957) mentions the case of a man in whom repeated striking of
the face by the recoil of a rifle led to the des elopment of a rodent ulcer 1n the area of
the blow  In a personally observed case a rodent ulcer developed in the shin sub
jected to pressure by the pad of a truss meant to contam an mgumnal herma 1
have collected numerous other examples of rodent ulcer and squamous carcitoma
after trauma such 1s blows burns gun shot wounds etc from the records of the
Royal Mar<den (Cancer) Hospital

As regards the deeper tisues and viscera the relationship of trauma to malignant

change 18 more difficult to prove  Trauma to a hpoma ma lead to malignant change
as 10 the case desenibed by Adarr Pack and Farnor (1942) Cases 1n which tumours
of the breast and testicle have deseloped directly as & resnlt of a blow are well
recognized ind the latter are documented by Cordon Taylor (1948) The author
saw one such ca e m which & blow by a enicket ball resulted in severe swellin,, of
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of the testes and ovaries  In soventeen species of tobaceo plants pure genetically
conditioned tumours have been obsersed mm Fy hybnds  Such observations suggest
that the predisposition to tumour formation 1s genetieally controlled 1n some way

Viruses and temour formation

In anmals bemgn or malignant tumour formation may result from virus m
fectton In man certain types of shin papitlomats are due to viruses Mention has
Leen made above of benion or malignant tumours which have followed herpes
simplex or zoster lesions VWhether viruses play any part i tumour formation n
man remams to be seen

Conclusions

Bemgn or malignant tumour formation commonly follows chrome or acute
mflammatory changes and tissue repair including those produced by traume
Certain carcmogeme factors wlnch also produce inflammatory chan.es greatly
predispose to tumour formation m the mflamed tissucs  Stimulation of growth of
tissues by lormones may also give mse to tumours Tumours symilar to those
occurnng postnatally may also appear i prenatal development and are then
difficult to label as malformations or tumours In some cases genctic factors prc
dispose to bemgn or malignant tumour formation *

Th varou_sgents and factors roncern d n tumour format 61 are discusse | at 1 ngth mn Cowdry
FV(19)) CancerCell Saunt m Philadelpl a
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Heredo famhal Tumours
In some families a tendeney to develop benign or mahgnant tumours exists  The
conditions are mhertted  They include
(1) Multiple polyposis of the colon This disease 13 characterized by hvper
trophy of the whole of the colonic mucosa and the presence of local areas of adeno
matous thickening of the epithelium forming polypt  Similar tumours are seen 1n
some cases of Y on Recklinghausen s diseise  The tumours tend to turn malignant
(n) Peutz s syndrome  Tamilics are desersbed 1n which there occur ephelides
especially of the faco and of the mucosz including the mouth and there 1s multiple
polyposis m the nose and nasal sinuses stomach bladder or intestine combined in
vanous ways (Peutz 1921 Rasch ated by Merowsky 1933 Crone and Jight
19534  Walker Brash 1954) The multsple polypous of the mucosa 13 preceded by
hypertrophy of the whole epthelial ining of tho organs Tho tumours may tum
malignant
() Congemtal cystic Jadneys This condition may be umlateral or hilateral
when 1t 15 often heredo fanulial  Mahgnant growths are lable to develop :n the
affected hudney s
(1v) Von Recklinghausens discase In this condition the cells of the vanous
bemgn tumours and anomalies may undergo malignant transformation
(v) Retinoblastomata Apart from their association with congenital anomahes
of the oye these growths may oceur as an heredo farmlial discase  The tumours
appear soon after birth and usually n both ¢y es simultaneously or almost so
(v1) Tylomis (keratosis palmans et plantans) 13 an nhentable dommant charac
tenstic A famuly 1 which numerous cases of carcinoma of the cesophagus oceurred
1 assoctation with tylosis was desenibed by Clarke Howel Evans and VeConnell
(1957)
Apart from the above the inhentance of 4 predsp to cancer 18 1y
seenmman  Rarely o family such as those described by Warthin (1925) and Hauser
and Wller (1936) and by Savage (1956) show so many members 1n successive
generations with some kind of cancer that an mhented disposition cannot be doubted
The fanulial occurrence of leuhzenua 1s occasionally reported (see Carter 1907)
That a hability to cancer 1s inhertted was shown by Haldane (1938) who found that
the chances of cancer appearing m an indisidual are much greaterif one of his parents
suffered from 1t Again umosular twins are much more prone to tumours than are
bmovular while racinl differences m proneness to tumour formation in different
organs are known for example the observation that Japanese women are only one
sixth as hable to breast cancer as compared with I'uropean women
There 1s a great deal of evidence from animal and plant sources mdicating that
the tendency to tumour formation s genetically controlled (sce Huxley 1908)
Thus guinea pigs appear to be non cancer prone wlule mice and budgerigars are
Different strans of mice are hable to develop cancers of different organs By
mnbreeding the hiability te cancer m1y be mereased to 100 per cent All grev horses
ate etremely prone to malignant disease (chiefly melinomata) as compared with
horses of other colours  Generte crosses m birds are also verv prone to develop cancer
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of the testes and ovarnes  In seventeen spectes of tobacco plants pure genetically
conditioned tumours have been observed in Fy hybrids  Such obseryations suggest
that the predisposition to tumour formation 18 genetically controlled in some wav

Viruses and tumour formation

In ammals berign or malignant tumour formation may result from tirus
fection In man ecertamn types of shin pipllomata are due to viruses Mention has
heen made above of bemgn or malignant tumours which have followed herpes
simplex or zoster lesions W hether viruses play any part in tumour formation m
man rematns to be seen

Conclusions

Betugn or malignant tumour formation commonly follows chrome or acute
mflammatorv changes and tissue repair including those produced by trauma
Certain carcinogenic factors which also produce wnflammatory changes greatly
predispose to tumour formatton mn the inflamed tissues  Stimulation of growth of
tissues by hormones may alo give rise to tumours Tumotrs suulir to those
oceurning postnatally ma) also appear in prenatal development and are then
difficult to Inbel as malformations or tumours  In some cases genetic factors pre
dispose to benign or mahignant tumour formation *

The variou_sgents and factors concerned 1n tumour format on a e d scusse 1 at 1 ngth in Cowdry
FY (13 ) CancerCella “aunl rs Phladelph s



CHAPTLP I\
SOMATIC MUTATION CONGENITAL ANOMALIES AND BENIGN TUMOURS

Het tic and Xenopl T t s

Tg term heteroplastic usually refers to trssue o
species of the sume genus and venoplastic to those between more distantly related
forms  Parts of embryos belonging to different species and genera may be sub
stituted early in development  The cells of the donor of necessity differ genetieally
from the host Rotmann (1919) emploved two <pecies of Triturus cristatus and
fenatus  The former 1s Jarger and 1ts eve vesicles correspondingly so  He grafted
gastrula ectoderm of T eristatus i place of the future eve region of the smaller
T tematus embryo  The eye vesicle Iater formmyg, from the graft was usually of
the same size as the normal host ese but 1 a few cases st was Jarger than that of
1ts host  This corresponds to the condition of umlateral buphthalmos 1n man  In
the reciprocal expeniment 7' teniatus ectoderm 1 the larger 7' cristatus formed a
vesicle appropriate 1n size for the donor species that 13 much smaller than the normal
host vesicle  This corresponds to the condition of unilateral microphthalmos in
man A balancer organ induced by head structures of 7 cristatus mn transplanted
prospective belly ectoderm of 7' fermuatus 18 a tvpical teniatus balancer (Rotmann
1935} Harnson (1935) usmg embryos of dmbystoma punctatum and ligrinum
v hich are anmals of different sizes and differe nt genetic make up carrted out hetero
plastie transplantations of the branchial neural crest on one stde and obtained gill
arches of different sizes on the two sides  Again the larvie of urodeles and anurans
are genetrcalls different and differ in vanous spectfic structures The urodeles are
equipped with a parr of balancers on the yentro lateral side of the head and posse s
dentine teeth whereas the anurans have a pair of suchers more ventrally and no
dentimne tecth but horny denticles There are also differences 1n the shape number
and topographic relations of the visceral cartilages ete It was found that 1f appro
poate tissue was transplanted early in development from a part of one embryo to
a corresponding part m the other then the pattern and structural characters induced
were those of the donor which differ genetically fromr the host and structures could
be induced which do not occur in the genetic repertory of the indueing host (Holt
freter and Homburger 1955) Again if the neural crest 13 transplanted on one side
then that half of the host embryo may deselop donor prgmentation (see Horstadmus
1950) Clearly genetically different material may exist in an ammal and produce
structures abnormal 1n size and foreign to that animal

Many wherited bodily charactenstics are dependent on the presence the
fertihzed germ cell of speafic genes If these genes change tlus 1s followed by
change in the bodily characters In certain subjects multiple genetic mutations oceur
at the same tume in the fertihzed germ cell and a number of mherited anomalies may
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Le found together  Tlicre 1s every reason to believe that genetic mutation 1s as fre
quent 1 romatic cells as i germ cells (Tockhart Mummery 1934 Burnet 19,7)
The essential dhfference between a mutation occurrn,, in & germ cell and a similar
process 1n a romatre cell depunds simply on the extent and (lwtnhutmz:’;yﬂ’cclh
descendent from that i which the mutation occurs and that the mutwfion 15 not
henited 1n the latter case A germ cell mutation can potentially nfluence all the
body cells of all those individuals who recerve the modihed allele in question A
somatic mutation can nfluence onlv those bods cells i the individual organism
which directly descend from the mutant cell

Somatic mutation has been studied particularly m plants and insects foi example
Drosoplula but its occurrence m vertebrates and man has as yet recened seant
consideratton  Mutation oceurs more frequently (some allege only) during cell
disision and 1 the course of repeated tissue subeultures of normal cells (Carle ef al
1043 Sanford ef @l 19>4) We have seen above that there 13 a constant repur
process 1nvolving cell division and differentiation oceurring 1n yanous tissues of the
Lody thronhout hife It 1s possible that mutation may oceur duning this process
'The chnces of such mutetion inerease with increase in the number of cell divistons
for example i nfaney and youth during repur processes or stimulation of growth
and dunng physiolo.ical mcrease m growth activity  The longer the anmmal lives
the more the chance of romatic mutation occurning Mutations may  thus appear
theoretically at anmy time dunin, Iife from the s, le cell to death including the period
of intr uterine development and the genetically different material may remamn m
the tissue and grow 23 1n cases of b plastre and venopl t 101

In man the conditions of 081> 1113 polydactyly
syndactyly mucrophthalmos epicanthus albimsm supernumerary teeth piebald
hair and hare hp and cleft palate are each characters determmed at least princ

pally by a single mam gene occurring 1 the fertihzed ovum (see for example Cord
1942)

T A A with Hi h Inds in Man

By the term heterochromma mndis we refer to a condition 1 which the imses of
the two eyes are different n colour a state indicative of 4 difference 1 the genes in
the pigment cells 1n the two eyes In some cases this may oceur as a stmple con
dition d with other lies and sometimes mhented (Stern 19.5) but
rarely 1t 15 accompanied by unilateral deyelopmental anomahes both 1n the eye and
its surroundings (see hoby 1921) and also elsewhere in the body  These are un
mhenited The anomalies of the eye affected and its surroundings include coloboma
of the ms and choroid  coloboma of the macula  a persistent membrane m the
anterior chamber and a white pelhicle at the free ed, e of the ins  melanosis ocult
which 1s the counterpart of the cutaneous nzvus marked by focal or diffuse excess
of prement cells 1n the choroid 1ms optie nerie sheath and conjunctiy a and sometimes
on the eyelids and over the skin of the face on one side  umilateral melanosis ocul
assouated with a trigeminal vascular nmvus (see hoby Mann 1937) umlateral
buphthalmos (Lutz 192%) a facial hemhyperplasia with its corresponding
difference 1n growth rites on the two stdes buphthalmos and a facial vascular nevus
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covered with neuro angio lipo fibromata (Crse 2 Tig 71)  a umlateral Sturges
Weber syndrome that 1s a t 1 and corresponding intracramal navus often
with buphthalmos (Weber 1929) T hase obcerved a cae of heterochromia indis

F16 "0 Warty hyperheratot over with Fetero
chromiairidi | Section of se eral of t] ege e owed them 1o be rompo ed of ne o fibro | po
angiomatous t ssue Tie la ge tumour was a teratoma The eye on the affected s de wa

¢ and & emall meningoceele of the orbit was present Note the malformation

of the etr  The left was normal

with a meningoceele and teratoma of the left orbit deformity of the ear and left
microphthalmos (Fig 70) Heterochromia mdis has al o been recorded with unt
lateral microphthalmos (Wal h 1947) with intricrania] hpomata (Echart 193.)
and syringomyeht (Walsh) Heterochromia indis may be found i cases of Yon
Pecklinghausen s disexse (Tannhauser 1926) and facial or body asymmetry (Seihiner
1015 ‘alsh 1947) I hase observed a patient with a blue ins on the left and 2
brown on the might in s hich the left half of the face and most of the front and siles
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of the nech showed areas of hyperpigmentation with patchy flat and rased nevus
formations and the ¢ were also present 1n bands on the front of both arms and fore

arms and irregulatly on the leftleg  The left side of the base of the neck and the right
face and part of the left frontal region showed areas of achromia  The condition of
partial albinism seen strikingly i negroes may bo hinear or metameric and may be
accompansed by heterochromia imdis and prebald hair (Merrowshy 1933) (g 72)

kio 1 Leftfacalh mhyperplasanss telwthh t chroma d  tog m nal nwvas
buphthalmo and ¢ ngenital patent interventr cula septum (Ca ?) Thee 1 mach
ming from treatment

Differences in genetic material in the two trises are thus evidently accompanied
by a tendency to growth anomalies in and around one eve and to disturbances m
prgmentation in other parts of the body Among these are dufferences i the srze
of the eye vesicles  We have seen above that transplantation of genetically different
prospective eye material into eatly embryos may pive nise to umlateral buphthalmos
or microphthalmos ¥ hen such conditions occur in man they presumably indicate
that the cells composing the eye are also genetically different on the two sides Thus
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covered with neuro angio Lipo fibromata (Case 2 Fig 71) 2 unmilateral Sturges
Weber syndrome that 1s a trigeminal and corresponding mtricramal navus often
with buphthalmos (Weber 1920) T have observed a case of heterochroma indis

k1o 0 Warty hyp t r angioma 1 wath Fetero
chromiairidis  Section of reverl of there s} oned them to he compose 1 of neuro it 1o lipo
angiomatous tissue  The large tumour was & teratoma  The eve on the affected sid wa
mcropt thalrme and a emalt menmgoccele of the orbit was present  \ote the malformation
of the ear  The left 1 aa normal

with a memngoceele and teratoma of the left orbit deformuty of the ear and left
microphthalmos (Fig 70) Heterochromia mndis has also been recorded with um
lateral microphthalmos (Malsh 1947) with ntracramial lpomata (Echart 1934)
and syringomyelia (Walsh) Heterochroma indis may be found 1n cases of Von
Rechlinghausen s disease (Tannhauser 1926) wnd facal or bods asymmetry (Sexlinc)
1015 Walsh 1937) T hase observed a patient with a blue 1s on the left and 2
Lrown on the night 1n which the left half of the face and most of the front and sides
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Heterochromia, michs partial cataract atrophy of the bulb of the eye or phtiusis
bulbn may also be present {(Walsh 1047)

In cases of generzl hemiliypoplasta again every tissue 1s affected including the
bones fat muscles joints Itmbs lymph nodes laryn< thyroid kidnevs the chambers
of the corresponding side of the heart the blood vessels breast suprarenal glind
ovary testis and parathyroids  Narrowness of the palpebral fissure partral dental
aplaca and defeets of nails may be found on the affected side (Calnan 1949) and the
hair growth and pigmentation may differ on the two sides It mv be associnted
wath Oller s disease or chondrody splasta (Zondek 1940)

In cases of faeinl hermhyperplasia the ehanges again roughly correspond to the
tugemnal distribution (Fig 71)  There 18 considerible merease in volume of the
soft parts of one wde of the face mvolvmng muscle subcutaneous tissue and fat
The shin 1s congested nnd rugose and 1s often mere pigmented than on the normal
side The facial bones nasal onfice tissues of the cheek lips hard palate tonsil
tongue mucous glands of the cheel and sahvary glands are notably larger than on
the other side  The mucosa of the cheek 13 granular and the papillz of the tongue
Jarger and more numerous on the affected side  The frontal and parietal bones in
the affected area may show hyperostosts forming bosses Radiographs reveal an
1ncreased density of bone and changes 1dentical with those of Paget s disease may
be present and this may also be found histologically (cases 2 and 3) Lert (1926)
described a case of facial hemthyperplasia 1n a chuld of 53 vears of age m whom
the fontanelle closed prematurely and there was premature falling out of the
temporary teeth and eruption of the permanent set on the affected smde  oroover
the ealcification of the teeth germs was much advanced on this side as compared with
those on the normal and with normal children This was also a feature of Case 3
The teeth may be larger on the affected uide (Pushton 1837 1942 liles 1944)
(Case 2) The overgrowth of one side may be associated with a trigeminal vascular
and pigmented nevus in the affected slun («ee Case 2) The vascular nevus may
be covered with hyperkeratotic skun or soft pedunculated warty _rowths which on
section prove to he neuro an,o lipo fibromata (Case 2) Exophthalmes buphthal
mos or glancoma may eccur on this side (Bing 1939) Heterochromia indis may be
present with factal asymmetry (Seabner 1915  Yvalsh 1947 Case 2) In two
petsonally observed cases epicanthus was present only on the larger stde (Wyburn
Vason 1950)

In cases of general hemthyperplasia all the tissues on one side of the body are
larger than on the other The skin may be thicher hyperkeratotic more hy hly
mgmented vascular and hairy on this sude (Cesell 1921  Cassirer and Hirschield
1935) The fatty deposits are larger the connective tissue thickened and buphthal
mos cut ineous vascular segmental nzvi phlebectasia and congenital s aricose vems
niay be found on the hyperplastic sde on which the hair may be darker and thicker
The ludney tonsil suprarenal gland and testicle on the affected side are larger than
on the normal Power may be greater and the temperature higher on the larger <ide
In some recorded cases of hemihyperplasia such as those of Honstemn (1893) and
Arnheim (1898) autopsy showed that the corresponding side of the heart both
aurcle wnd ventricle were enlarged and the blood vessels on this side were larger
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Tic 72 Congemital partil segmental albimi m 1n a negro

like the differences m inis colour the growth anomales and other lesions such #s
melanosis vascular nwsvt the teratoma lpomata angio hipo fibromata menn
goceele synngomyelia and partial albiism associated with heterochromia indis
may amso from differences in the genetic make up of the anomalous material that
18 they are due to somatio mutation ocetrring during des elopment

Congemtal Hemihyperplasia and Hemihypoplasia (bodsy asymmetrs)

These congerutal umnhenited disturbances are to be distingtished From hemr
atrophy and hemuhypertrophy wlhich are acquired conditions The congemtal
conditions may be largels confired to tho trigenun.! distribution or affect one half
of the body  In any given ca.c it 15 often mpossible to decide which 1s the normal
side  Faaal or general hemihy poplasia or hemihy perplasta may compheate cases of
syringomyehia and syringobulbra of ¥ on Rechlinghausen s disease or other congenital
diseascs of the central neryous system (Landawuer 1939)

As already said the manifestations of factal hemthy poplasia are largels confir ed
to the trigemun~] distribution on one mde  The conditron becomes more noticeable

as the subject grows older Therce1s a relatis e failure of development of all the tissues
Tuding the shin sub: 9 trsues muscle and bone

1 the affected rcgion
as compared with the other stde  The shin 1s thin pale and relatis ely unpigmented
with little or no hair  Sweat and sel 5 seeretion 1s d hed and the fat less

than on the normal side  The muscle of the cheek the nasal cartilages and bone
and jans are smaller  Therc may be an mcomplete or delay in eruption of both the
dectduous and permanent teeth 1n addition to other changes (Rushton 1044

Sprawson 1046—47) The bones are less dense  Half of the tongue the mucosa of
the cheek the mucous glands salnary glands tonsil and papille of the tongue re
all smaller than on the normu side  The pinna and eve may be smaller in size  The
superficial temporal artery may be smaller and pulsate less than on the noraral side
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numerary teeth and digits (polvdactyly) syndactyly and epicanthus all of wluch
are characters coutrolled by genes and not represented in the normal genetic make up
of the indridual  For such unilateral changes to be present gene substitution would
seem to have occurred on one side  They are like the indis idusls which are obtamed
by heteroplastic and venoplastic transplantation expeniments and this suggests the
cells on the affected sde differ genetieally from the normal In addition there may
occur on this side various benign tumours and other anomalies such as hipomata
angiomata fibromata loealized disturbances in bone formation ery ptorchidism ete

Such obsertations appear to show that all such growth anomalies as are found mn
cases of hemihyperplasia and hemihypoplasia are related to differences in genetie
make up between the abnormal and the normal tissue or of the tissues on the two
sides of the body A parallel condition can be produced experimentally i animals

Von Reckhinghausen s Disease

Yon Rechlinghausen s disease may occur as a heredo familial disease or as an
1solated case 1n an otherwise normal famuly when 1t must anise by germ cell mutation
The disturbances in the disease affect any part of the body and any tissue The
commeonest lestons are tumours 1n the shin and peripheral nerves and various types
of nevus but many other growth anomales alvo occur The skin lesions mnclude
mgmented areas varving in colour from yellowish to dark brown and in size from
flecks to plaques or sheets They sometimes have a metamenc distnbution In
other cases pigmented often hairy moles (neyus neryosus) or vascular nevi Iikewise
sometimes having o metameric distnibution mav be present A trigemmal nevus
15 an example of the latter Pigmented vascular or depigmented an®mic nev: may
also be found Facial or general hemihyperplasia or local gigantism of a limb
eterochromia indis (Tannh. 1929} and buphthal may be present Fatty
tumours of a metameric distnbution are also recorded Eichenlaub (1921) and
Sutton and Sutton (1939) described a linear nazvus which histologically was a
fibromy xoma Tumours form on the nerve roots and trunks and on tho finest nerie
branches Thousands may be present and affect not only crantal and spinal nerve
roots and branches lut are also found throughout the autonomic system 1n all
viscera and mucosz such as the alimentary tract from the mouth to the rectum
and the bladder in bone and periosteum 1n the ims and m the vamous endoerine
glands  Shin tumours are pure fibromata In other cases the tumours are really
neuromjyomata or neurolipomata They always have a well marhed angiomatous
element which m some cases 15 5o pronounced that they may be termed angio
fibromata anglomyvomata or angiolipomata The tumours which are bemgn
the sense of pursming slow development sometimes undergo sarcomatous trans
formation especially those of large size and as a sequel to partial exeision which
may marhedly stimulate growth Occasionally a general state of sarcomatosis may
exist and the tumour growths everywhere become malignant at once Growths
may also develop n tissues other than nerves and multiple heterogeneons tumours
may be found In a case of recurrent fibromata of the peripheral nerves observed
by the wnter there also appeared recurrent fibro adenomata of both breasts and
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than on the other exhibiting abnormal thickemng of the media and mtima  The
brun on the affecicd eide 1s Jarger than on the normal Hemnhy perplasia with
precocious puberty was recorded by Harwood (1932) Heturochromra indis may
occur (Merrowshy 1933) In a personally observed caso astmmetry of the two
sides of the body was }t 1 by heteroch midis and by two vasenlar
nz11 one b the nape of the neck and the other oser the Jower dorsal spmne  The
number of teeth on the larger ade may be greater than normal Polydactyly
syndactyl; or ervptorchidism may bo present on the larger side or congemtal heart
disease and hypospadias may co exist  The bone Jesions known as Ollier s disease
or umlateral chondrodysplasia may be associsted with body asymmetry (Zondeh
1945 Walsh 1047) Thus diseaso usurlly has a completely umlateral distribution
The bones on the affected side become a different length from those on the normal
and contain multiple arcas of unossified cartilige 1n which the normal process of
hone formation has not occurred  In some cases areas of cutaneous pigmentation
maj be found 1n a distribution related to the osseous changes and in girls the disease
may be associnted with precocious puberty Cavernous angiomata and phlebectasia
(Maffuca s syndrome) may also be present
In cluldren there occastonally occurs an mcreased deposition of fat on one side
gIving nse to congemita]l hemt obemty (Hutchicon 1904 Shaw 1814-15) This mav
occur with or without henuhyperplasia  In Hutchisons case (Hutchison 1904)
which came to autopsy suprarenal, kidnev testis and heif of the thymus on the
affected sde were Jarger than on the normal but there wag no mncrease wmn size of
the bones In congenital diffuse ipomatosis the hpomata may be uniateral They
may occur alone (pseudo hy pertrophy ) but are usually assoctated with corresponding
enlargement of the 1pulateral muscles and bones  The latter show thickening and
osteoporosts and may be co existent with diffuse casvernous hzmangiomata (seo
Von Wimwarter 1892  Adar Pack and Farrtor 1942} The latter described two
cases In one a boy aged 11 years the left arm and hand were larger than the
right at birth and had grown more so since A diffuse lipoma was present over the
left thenar emmence and also m the rest of the hmb  Radrographs showed deformity
and enlargement of the bones of the thumb and wdex finger I'he other case was a
cir! aged 6 sears At the age of 1 jear a small ipoma appesred on the postertor
aspeet of the right shoulder and eventually insvolved the entire right upper limb
The skmn over 1t was rough 1 lymphoedematous and pigmented Between the
elbow and wrists was a large subcutaneous mass with keloid formation over it
X rays showed much enlargement and deformty of the right ulna and Jower half of
the humerus  After operative removal large tender kelods formed Berenbruch
(1890) described another case of hemihypertrophy with three congemti! an,lolipo
mata over the nght chest an angioma of the eapsule of tho right hidney and another
of the cord substance and a thoracic extradural angtoma on the rght side connected
with the angiolipoma on the back by a large plexus of vems
In ammals nkerited genetic asymmetnes occasionally occur (Stern  1955) but
the above asymumetries are not mhented In association with excessive growth of
one side of the body or part of the body as compared with the other the larger
side may exhibit a difference 1n 11s colour harr colour and growth eye size super
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the nature of the discase was reported by Crocher (1903) and already mentioned
He desenbed the case of & subject of Von Recklinghausen s disease who sustaned a
transverse lesion of the cord and this was followed by an enormous enlargement of
parts below the lesion the skan hanging m large folds

The viscera may be mvolved  Weise (102) records a case of exclusively visceral
localization of tho disense with partial overgrowth of the stomach aud duodenum
Ford (1946} 15 of the hnie nerves or pelvie plexuses with grant
appendix megacolon or papillary adenomatous of the imtestinal mucosy  and
Feyrter (1948) the so called Rankenneuroma or disc hho polypoid tumours of the
gut of Von Rechhinghausen 5 disease  They are found 1n the small or large intestine
or as a grant tumour {ganglioneurome) 1n the appendix  They consist essentially
of a pleuform tumour khe developmont of the local coarse fine or finest nerve
network with overgrowth of the nervous ground tissue and reticulin fibres  In the
nen ous networks are overgrowths of ganghon Schwann and endoperineural cells
There 1s an overdeselopment of the mucosa of the gut covening the lesion and of
the local muscle fibres In addition the fibres can be seen surrounding and lying
withun the walls of the blood vessels This vascular neurofibromatosis ean occur in
any or all layers of the vessel wall Tuh (1952) describes a case of neurofibromatosts
with a jant bladder This was due to the gigantism and hyperplasia of the nerve
plexus 1n the wall The latter were nenromata and neurofibromata and there were
marhed vascular changes as deseribed by Feyrter

The various tumours of the shin and other anomalies may be nottced at birth
develop soon afterwards or appear at any time durng life (Ormsby and Vont
gomery 1943 and others) Certain factors however mfluence their development
They 1nclude puberty pregnaney mtercurrent mafections and lead posomng
Crocher (1903) mentions a case i which enormous folds of shin formed on the
palms soles sides of the nech nose and tonsils (necessitating tonsillectomy) after
an attack of scarlet fever Developmental anomalies of every conceivable type may
also be present such as meningoceele umtliteral hare lip and eleft palate buphthal
mos bony defects of the skull eryptorchidism spina bifida syndactyly and poly
dactyly fusion of the vertebraw congemtal heart disease and teratomata The
writer has observed two cases 1n which supernumerary breasts exasted In one
case this was umlateral In another case recurmng adamantinomata were
present

Thus 1n this disease apart from the bemign tumours meluding fibromata
angiofibromata lipomata etc which are inherited and controlled by gene substitu

tion 1 the germ cells there ma) Ily be seen het h midis bodv
asymmetry l buphtt polydactyly d 1y cleft palate and
hare ip d n®v1 Bup y breasts and teeth teratomata

cryptorchidism ada.mantmoma and other errors of growth but these are not
wherited Now we have seen that s colour syndactyly polydactyly cleft palate
and hare ip changes in the eye size and supernumerary teeth are all conditions
controlled by genes Smce the changes are found umlaterally and are uninherted
m this disease somatie mutation seems liable to occur during development and to
be responsible for some of the assoctated umlateral and uninherited anomalies
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recurrent fibromyomata of the uterus “alignant chromaffin tumonrs m1y be
present in the adrenal medulla or organ of Zucherhandi (see Wills)  There may be
meningiomata and nodules in the dur, suggestive of fibroblastomata Innumerable
menmgeal tumours may be found  Mek sof the with bemgn al
shin melanomata 18 also desenbed  Angiomata of the central ner ous system may
be present  Within the nervous svstem have also been found ependymomata
astrocytomata hwemangiomata cte  As many as five different types of meningio
mata and ghomata hase occurred sn asingle case  Acoustic neurofibromata may form
part of a generalized neurofibromatosts and may be associated with hyperplasia of
the bramn hypertrophs of the ghal cells of the cortex endothehioma fibroma and
psammoma of the durt and sarcoma of the brain  Ghioma of the optic nemve may be
assoaated with symptoms of neurofibromatosts multiple fibromata of nerve trunhs
and ghomata of the bramn (Ewing 1940) Tord (1946) described a case of plexiform
neuroms of the orbital tissues and eyelid with buphthalmos and ghomata of the
optic nerve and temporal lobe and another case with plexiform neuroma over the
cranium defects i the shull bones and enlirgement of the orbit  Von Rechiing
hausen s disease 13 not infrequently associated with syningomyehia  Lumbosacral
tumours consisting of fatty fibrous myxomatous and angromatous tissue or a
dermoid or teratoma may be found partly withmr and partly outside the sptoal
canal and projecting through a spina ifida  This 15 usually covered by areas of
shin showing hypertrichosts and pigmentation In case 1 there developed a
caranoma of the rectum and a ghoma of the cord  Skeletal changes may also
oceur
Other manfestations of the disease are those hnown as plextform neuroma
and the related pachydermatoccele and elephantiasis neuromatosa  Vhen the
whole distal fan  of a nerve or of contiguous nerves 1s the seat of disturbance
changes are found 1n the tissues supplted by the nerve TIhe shin and subcutaneous
tissues are mvolied n a diffuse fibrous swetbng which feels soft and m which
cotled contoluted or beaded nerve cords can be distingmshed Over 1t the skin 1«
sometimes pigmented or nxvoid development occurs  This disturbance mayv be
present alone but often accompanies other signs of Von Recklinghausen s diseise
It may affect any part of the body but especially the head face and nech  Sometimes
one side of the tongue or the lips are mvolved produung a hemihyperplasa  In
.ome cases the condition hnown as pachydermatocarle dovelops and the proliferated
skin and subcutsneous tissue hang down 1n folds often of enormous size In others
the tissues of the growth ate even more soluminous and result i a greit o1 ergrowth
of a part such as the whole of one limb or of the scalp In any of these vaneties
hyperostosts of bone mn the vicmnity 15 not uncommon The Lones of the hmb may
be greatly enlarged bowed rough and pitted and 1n some cases longer than their
follows Yhen the tissucs arc examined microscoprcally they sre found to eontun
enormons numbers of overgrown nerve fibres which 1n many cases are unmj elnated
or finely myelmnated (Spittel and TPernando 1929) Within therr meshes much
fibrous tlssue 1s present and angiomatous change may be found The shut may be
pigmented  In some cases a local giantism of a digit or part of a hmb (;ccurs
without 2 local neurofibroma  &n observation which throws considerable i ht on
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In all bemgn of eputk ) the 1 b are intact
and macroplmges lie in them and bet“ een the epithelial cells but are unaccompanied
by nerve fibres  If there 18 an angiomatous development below the epithehum the
capillattes are dilated and contrun macrophages m their walls but no nerve fibres
are present  Often in the pedicle of a berugn tumour the blood vessels are normally
differentiated the eapillanies possessing pencvtes and unmjyelmated nerve fibres
may be found In such cases the tissues of the pedicle do not form an essential part
of the tumour

(1) Lipomata A macrophage syncvtium lthe that of normal fatty tissue 13
present 1n hpomatn but no nerve fibres The tumours thus consist of mutant
fat cells growing without nhibitorv nervous control to therr macrophage
svney tium

(2) Meurofibromata and Fibromala My imvestigations \Htl\ vital dyes have shown
that the tumours consist of fibre producing non staming fibrobl sed
with spindle hike vitally staining macrophages The former are presumably mutants
and 1t 1s therefore not surpmsing that according to Vuhs (1943} the collagen of
neurofibromata stains differently from normal Mjelinated nerve fibres often tra
verse neurofibromata but no unmyelinated fibres supply the macrophages At
the margins of bromata the ph and fibroblasts of the growths are
continuous with the endo permeural cells The tumour tissue 15 not well eircum
seribed nor encapsulated but mungles with the surrounding neural and other
tissues

(3) Congenital Melanomata of the Skin (pigmented nzvi) It has been shown
that melanomata probably arise by somatic mutation and that the pigment cells are
genetically different from the normal cells of the body By using vital methy lene blue
staimng pigmented nwevi can be divided nto two groups (¢} pigmented flat naevi in
which nzvus cells are present in the corium beneath the pigmented epidermus and
which show no evidence of thickening or overgrowth of the epidermus hair follicles
skin glands or angroma formation and in which the nerve supply of the tissue1sintact
Macrophages or melanophores which have taken up melamn are present 1n relation
to the melanoblasts and the clear and Langerhans cells of the skin and the Schwann
cells of the nenve fibres are also deeply pigmented () Hyperkeratotic raised
pigmented nmvt often with hypertrophy of harr follicles and skin glands and

angiomatous formation beneath the epid In these L t and clear cells
of the epidermus stain normally and macrophages are present 1n the vessel walls but
no nerve fibres are found 1n the thickened or ous vessel walls

A bundle or bundles of nerve fibres can be found to one side of the skin lesion  The
presence of Langerhans and clear cells 1n the epidermus 1n these lesions was also
described by Masson (1920) The mutant navus  cells accompanied by melamn
containing and vitally staining macrophages may or may not be found 1n the cornum
n these n@vi  These are considered further below Graduations from (a) to (b)
alsoeust Vasson also described an abnormal thickened leash of nerve fibres 1n such
anomalies and regarded the nevias neuro nevi My findings suggested that the leash
of nerve fibres did not actually enter the pigmented lesion and that they appeared
deflected from 1t

Ty n
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Conclusions on the Mutant Nature of some Congemtal Anomalies and Bemgn
Tumours

From a conuderation of the disturbances of growth associated with hetero
chromia indis hemuihyrerplasia and hypoplasia and with Von Recklinghausen s
distaso and the experimental evidence 1t would appear that —

(1} In association with heterochromia indis the assocated disturbances includig
buphthalmos microphthalmos yascular nes1 melanosis oculi pigmonted naw:
angto lipo fibromata ltpomata ter ta gemtal anomalies of the eye and
menngoccele are due to somatic mutation during development and the matenal of
the lesions 13 genetreally different from normal

(2) In cases of body asymmetry the lesions on the larger smde such as buphthal
mos pgmented nevr vascular nevs anglomata lipomata angio lipo fibromata
syndaetyly  polydactyly  eryptorchidism hare ip  supernumerary tocth and
breasts opicanthus disturbed bone formation and syrngomyehn and congenital
heart diseise are probably the result of somatic mutation and the material of the
lesions probably differa genetically from that on the normal side

(3) In Von Recklinghausen s disease 1gamn umlateral buphthalmos polydactyly
syndactyly cleft pelate hare hp angiomata supernumerary teeth and breasts
teratomaty eryptorchidism and adamantimoma and congenttal heart disease may
occur and appear to be due to somatic mutation

(4) Winle the various benign tumours fibromata angiofibromata pigmented naev1
and lipomata m Y on Recklingl s disease are nh d and the result of gene
substitution in the germ cell these same tumours oceur 1n unilateral condations and
association with heterochromiaindis and are then presumably due to somatic mutation

It seems probable that many uminkerited congemital grouth anomalies and all
bemagn tumours such as fib ta and Uy are due lo somatic
mutations occurring some fime in early derelopmen! and they consist of matenal
genetically different from the rest of the body  When there 1s a great dispanty
the size of pared organs the effect 1s comparable to that resulting from the trans
plantation oxperiments described 1n which the organs on the two sides differ genet:
cally  As seen from these expertments genetically different cells may exist m the
body from an early date without grving nse to inflammatory or immune reactions
which are responaible for graft incompatibility 1n adults  Wilher and Rawles {1940
1944) and Dagg Rarnofshy Toolan and Roddy (1943) basing their work on the
observations of Burnet Stone and Edney (1950) and Billingham Brent and
Medawar (1943} showed that 1f genetically unrelated cells are mtroduced sufficiently
early nto embryonic tissues thev are not recognzed as foreign in later tmmuno
fogical development  They may thus persist unattacked by immune reactions mto
adult ife  In so far as bengn tumounrs developmg later n Iife and singly appear to
be rdentical 1n structure and behaviour with congenital tumours thes are also

presumably demved from mutant cells

Some Features of Benign Tumours and Malformations
The occurrence of vitally staning cells and the absence of nerve fibres m all
bemgn tumours (apart from flat ben_n melanomata) huve already been discussed
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(1) Navus telangicctodes and nevus flammeus n which the thin walled
vewsels especally the capillares are dilated but empty on pressure

(2) Nevus angiomatosus {angioma casemosum) m which the abnormally
dilated thin walled vessels will not empty on pressure

(D) Nevus lipomatodes for example the case described by Robinson and Ellis
(1937) 'The<e consist essentially of lipomatous formations often combined with
angiomatons elements

(E) Angioma verrucosum m which 1 warty or verrucoso and often a Lipomatous

nes us are combined S 5 fibromatous nodules are present

A and B have ealready been considered  The latter conust of a general over
crowth of the lavers of the skin with hypertrophy of harr follicles and skin  lands
and sometimes with nzeyvus cells 1n the conum  Macropha,es are present throughout
the leston but no rene fibres though abnormal leashes of these may be found to
one side

Y ascular nayvi consist of an enormous dilatation of the capillaries in the affected
area  Macrophages are present n their walls but no nerve fibres are found The
overlymg skin 15 frequently thichened and Leratomatous and every gradation from
ths conditson to pigmented hyperheratotic hairy nevus may oceur  The shin may be
studded with irregular warty excrescences (nevus verrucosus) (Fig 70) Some
pigmented or vascular nzevi may contarn much soft connectrve tissue and fat (n-evus
lipomatodes) (Ormsby and Mlont,omery 1943 Ewing 1940) DBetween the vescels
there 1s usually an increased deposition of connective tissue and of fat (1ngiolipoma)
A vascular nevus majy also be associated with considerable new growth of connectrve
tissue desceribed under the name navus vascularis molluserfornus (see Ewing 1940)
When a limb 1s the seat of an extensive an_tom2 there 1s often 4 pan hypertrophy
of the tissues of the mb 1§ hen the nevus 1volves the trunk the breast on the
affected side may be drfferent n stze from that on the normal (Wyburn Vason 19.0)
In a personally observed case red marhs were present on the left ear at birth  The ¢
gradually increased 1n size spread to the nech and occipital region and on to the face
The hemangioma was a 7 b; e more extensive
than the shin discolouration  When seen at the a.e of 3 years there was obvious
hypertrophy of the left ear Tacchia (1929) reports the case of a patient with a
nz'vus m the mandibular diviston of the trr, eminal ares passing on to the neck which
developed after birth It was assouated with hyperostosts of the mandible and
hy pertrophy of the tongue on this mde

1:gmented vascular nzevi are not infrequently segmental hnear or umlateral m
istribution or confined to the territory of a peripheral nerve or sensory dermatome
The best known examples of such conditions are the pigmented nwevus nervosus
lateralis and the vascular tri_eminal naevus but such segmental nevi may recur in
any part of the body  5'm Jesions may extend 1n long bands corresponding to
sepmental root areas (nmvus verrucosus) The changes 1n association with a
trigemnal nevus may affect the mucosz of the cheeh palate no e and tongue

The affected eide of the skull mav be larger than the normal There 15 often a
local facral hemthy perplasia myohiing all the tissues ncluding the ear In other
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An observation of some significance 15 that a flat pigmented navus may be
surtounded by an arca of hypochromie or achromic shin (Rolleston 1910 Sugton
1916  Weber 1920), in which the melanoblasts are deficient

Tho mutant navus  cells in the dermus have been thought to have dropped
down from the basal lay ers of the eprdermig a theory supported by Dawson (1920)
and others  Masson (1926) believed that navus cells anse partly from the cells of
Schwann partly from the  cellules clarres  and partly from colls of the spectal
touch corpuscles in the papilic of the corum  He stressed the occurrence of local
neurofibromatous change Tcyrter (1938) recogmzng the objections fo Massons
hy pothesis that Schwann cells are the source of nzevus cells supposed the latter to
come from Masson 3 clear cells or Langerhans cells 1n the eprdernug and he proposes
for such nas1 the term neuro endotheliomas  However all migntent cells retch the
epidernus by migration from the neural crest The obseryation that the shin around
& flat melanoma may show an absence or deficieney of melanoblast colls may mean
that 1n fact the flit melanomaty result from an error of mugration of the primtite
nutant melanoblasts mto the basal layers of the epidermis  Rather than dropping
down from the eprdermis mto the conum as Dawson suggested the cells would
seem 1n fact to be i process of passing wnto the epidernus mn excessiy e numbers
Vhen the nevus 1s surrounded by an achromie aren 1t may be that the mutant
melanoblasts which should have migrated mto the achromic area have been diverted
to the pigmented area where they are in excess IPartial or complete albimism 13
explicable on a failure of migration of mutant non pigment produeing melanobiasts
to the skin and eve esther loctlly or completely  The oceasional scgment H distnibu
tion of a flat pigmented ney us or of albmism 1s presumably due to a mutation in the
cells of a single segment of a neural crest  Rassed hy perl eritotic prgmented nesvs
will be conardered below

(4) Melanosis oculy the counterpart of the cutaneous nevus 1s marhed by focal
or diffuse excess of pigment cells in the choroxd s optic nerve sheath and con
junctrva  Pigmented spots may ~lso be present m the evelids and over the shn
of the face The changes may be associited with heterochromia smcis (lkoby 1921
Mann 1937) The abnormal cells seem to be somatic mutants and this condition
presumably results from their abnormal mu ration and failure to reach thetr destma
tion completely and in normal amounts

(%) Vascular Pigmented and Anemic dckromic Veerz  Vascular nast are of
various 1mds ind may be divided into those exhibitin, excessive pigmentation and
overgrowth of tissues (rused bypertrophic pigmented and vasculr nevi) and those
showing the oppostte changes (atrophie and anemnc tvpe) Such prgmented by per
trophic and vascular pavt mey be clasafied as follows —

(4) Promented flat nav: without hyperkerat 3 or
formations and with n-esus cells 1 the conum (considered above)

(B) Warty nevus (nmvus verrucosus) or rared hvperkeratotic prgmented
neyvi congisting of areas of hyperl eratosis or papillomata usually pigmented and
often with overgrowth of hair and shin glands ~ Sometimes navus cells may alvo be
found 1n the corum (see above)

(C) Vascular nevt
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(8) Adenomata of the Thyrowl Such tumours tend to anse especially in the
hypertrophied glands occursing m gostre regions end m conditions 1n which the
growth of the gland has been stimulated  The tumours contain macrophages around
the acit hut no nerve fibres

{9) Polym of the Gastro tnlestinal Tract These occur singly but also as heredo
familhial conditions both in multiple polyposis of the colon and 1n Pentz s syndrome
The tumours presumably consist of mutant cells As shown such lestons contain
macrophages but no nerve fibres

(10) Mirred Saluary Cland Tumours This normally bemgn tumour consists
essentially of glandular acim atypical glandular acty with margmal eprthehal
sprouting sohd glandular epithelial formations masses With cystic spaces or of
epithelial filaments and networks The gland cells contam mucus droplets The
formations Lie m lakes of mucinous matenal muxed wath collagen This gives a
pecultar and vanable metachromatic stam which differs from that within epithelial
cells and the lumna of epithehal cavities (hux 1931 Hemplemann and W omach
1942) The stromal connective tissue of the gland and the mucinous tissue mingle
mtimately

Tnvestigations of these tumours with methylene blue and trypan blue showed
that many cells lym,, 1 the mucinous matnx are macrophages and not epithelal
cells Others are found 1n the capsule of the glands and the macrophages of the
mucinous matrix mingle imperceptibly with those of the connective tissue of the
gland and the capsule of the tumours Sheldon (1943) regarded them as  mvo
epithelial 10 nature and such cells appear to be macrophages No nerve fibres are
present in the tumour tisste  The tumour presumably anses through cell mutation
posubly of the acinar cells

{11} Adamantinomate The normal enamel organ consists of a downgrowth of
buceal epithehal cells contaimng a vitally staaming stellate reticulum  This 1s nor
mally attracted to comes into contact with and mduces the formation of the dentl
germs or papillz formed by the odontoblasts Adamantinomata may occur m the
jawa and pituitary regton and are often ted with 1 hes of the
teeth They ma) also be found 1n cases of Von Pecklinghausen s disease wluch
suggests they are malformations and due te somatic mutation They consist of an
overgrowth of enamel organ epithelum whieh gives mise to cell masses and clumps
the centre of which 1s an open networh with spaces consistmg of vitally staimng
cells like the stellate reticulum of the enamel organ  In other parts no stellate reticu
lum 15 seen but areas hike basal cell carcinoma are found No evidence of dental
papille are seen  No nerve fibres were found in the columns or m close relation to
them
Thus this malfc consists tally of an enamel organ epithelimm with

d ¥ and p Ay posed of mutant cells This fails to
come mto contact with or induce a dental papilla which normally influences 1ts own
differentiation or to attract the growing ends of nerve fibres

(12) Teratomata  Teratomats are commonly found m ssocration with Von
Rechlinghausen g disease and n combination with vanous other congenital abnor
malities in the adjacent organs I have mentioned the case of teratomata of the orbit

it
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cases of trigeminal nevus the eve may be enlarged (buphthalmos) (see Ballantyne
1930) and glaucomatous and the angioma may extend to the underlying meninges
wnd even the corresponding side of the bramn may be imvelved The cortex may be
calafied and the hemusphere on tlis side enlarged 1n size as compired with its
fellow  The changes in the shull bones are those deseribed as cramostenosis  They
consist of an overgrowth but a premature fuston of the sutures on this side
(Ells 1945-6) Such a segmental trigeminal navus may be found in assoeiation
with syringobulbia A8 stated above a tr emmal vascular nevus may be accom
pimed by facial hemihyperplasia - Len (1926) gives details of a case 1 which were
present a hyperheratotic linear vascular navus n the left C8-DI1 segmental
areas and 2 greatly hypertrophid cervical nb in this segment on the same side
only

Sometimes the grossly dilated vessels are found not only mn the subcutaneous
tissue but m the whole metamere extending deeply 1nto the muscles and msolving
the corresponding vertebra and half of the cord (hhippel and Weil 1922 Schrop!
1927  Turner and hernohan 1941  Wiburn Mason 1943) harschner Rand and
Reeves (1939) described a patient n whom a segmental vascular nayus of the shin
was agsociated with a cavernous hemangioma of the corresponding vertebral body
Johnston (1938) records a case m which a cutanecous vascular n=vus corresponded
segmentally with an extradural eas ernous hemangioma and haplan (1395) one with
a tal nevus corresponding to an extradural hemangioblastoma

The lestons would seem to be ascribable to somatic mutation at some early
period m development The frequent excess of melanoblasts and the abnormal
Jeshes of nerie fibres found in the hyperkeratotic lesions the latter apparently
deflected from their normal course will be recalled They are evidence of fatlure of
attraction of the growing ends of norve fibres and of excesaive attraction of pigment
cells 1n relation to the mutant cells In cases of hyperkeratotic navi affecting a
whole body segment mutation presumably imvolves a cell or cells which produces
this segment

(6) Letomyomata (Fibrowds) These consist of plain muscle fibres surrounded by
reticulin and collagen fibres and by macrophages No nerve fibres are present
Macrophages (pericy tes) are found around blood vessels and are continuous with the
macrophages between the muscle fibres

(7) Fibro adenomata of the Breast As desenibed above although the evistence
of nerve fibres 1n relation to the normal breast acimi has been denied I was repeatedly
able to demonstrate their exstence 1n both hreast and prostate Each acinus 1s
surrounded by & nersous network with Schwann cells attached These le close to
the basement membrane of the actm and duets with therr macrophage syney tium
and basket cells between the acinar and duct cells In fibro adenomata of the
breast however there has occurred a prolif of qin and coll fibres
around the acun and the nerie fibres are divided from the basement membrane of
the acun and ducts by a varable distance Macrophages lung between the
fibroblasts 1 the fibrous tissue take up vital dves Nonerve fibres are found 1n this
tissue  Presumably the pnmary cause of this state 15 1 mutation n the pen acinar

fibroblasts
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spina bifida (Johnson 18,7 Von Rechlinghausen 1856 Borst 1888 Cramer
1913 Small 19:5)

Thero 13 often s dermal mnns pissing downwards tonards the defect mn the
vertebral arch and perhaps endmng at the tip of the cord This 15 surrounded by
pigmented  telangiectatic and often hyperheratobie slan wineh may be hary
Alternatively pigment may be deficient  The subcutaneous tissue may exhibit angto
matous or lipo angiomatous changes The smus may be of vanable depth  If 1t
18 shallow 1t 15 often continued to the arachnoid as a fibrous band the membrana
reuniens postenior (3 on Pechlinghausen 1886) The Line of this prolongation may
be nterrupted by one or more dermoids or epidermords  The arachnoid may be
pulled out to form a memngocale Surrounding the track of the penetrating dermal
smus or often at 1ts bottom or conneeting 1t with the arachnoid 1s a mass of tissue
forming & congemtal tumour This may extend into the meninges  The tumour

tissue may be a (nenro Yfibroma my<xoma or cystie lympk and
often contains smooth stmated musele cartilage bone or glandular structures (ke
salivary glands) and may be t ous The are not psulated

and they may mix with the neural tissues of the cord or with some of the roots of
the cauda equina  Lxcept 1n the case of teratomata howeser no nerve fibres are
present 1n the tumourt: sueitself The lestons presumably arse by somatie mutation
towards the end of the laying down of the mesenchymal tissues by the primtive
streak

{14) Cryptorchlism  Failure or imperfect descent of the testes may oceur
umnilaterally 1n Von Rechlin hausen s disease or body asymmetry  Not infrequently
1t 15 associated with a teratomatous formation In a case described by 1Whitehorn
{19>4) umlateral cryptorchidism was associated with complete unslateral Wolffian
duct agenesis It may be supposed that the condition 1s due to somatic mutation
1n some of the constituent cells of the W olffian body

(15) Congenitl Cystic Auwdney Developmentally the Lidney 15 formed of two
parts (1} a secretory portion the nephrogentc cord arsing from the hinder end of
the nephnidial sy stem and forming the cortex of the ladney the glomerul conyoluted
tubules and the loops of Henle and (2) an ureteric bud which deyelops as an evagina
tion of the hinder end of the Wolffian duct and forms the ureter pelvis and collecting
tubules The two portions exert mutual inductive influences on one another If
the nephric tubules fail to jom the collecting tubules the condition of congemtal
cystic kadney anses  This anomaly may be associated with many others and hike
them would seem to result usually from a somatic mutation though occasionally the
genetic abnormality 1s an heredo famihal condition

(16) Syringomyeha  This condition 18 frequently associated with hemibvper
plagta and with the genetically determmed \ on Pechhingt s dwsease
sclerosis and V on Hippel s disease wth neevs and numerous other congenital anoma
hes It may be famihal Like other anomalies in the above conditions 1t possibly
arses by somatic mutation mn the early ovum possibly of one half of the body so
that the neural folds on the two sides consist of cells of different genetic make up

The anomaly may thus result from an error of fusion of the genetically different
matenal




166 CROWIH AND TUMOUP I'ORMATION

associated with meningocale mrerophthalmos and heterochrona mdis  Like other
congenital anomalies the lesions presumably result from somatic mutation at some
time duning development  Testicular teratomata may be associated with incomplete
descent of the organ (Willis) A teratoma of the bladder may be accompanied by
atresia of the anus and urethra (Martint 1874} They occur oyer congemtal defects
of the lumbo sveral region when they are often ascociated with an angioma pig
mented hairy nevas spina bifida or meningoceelo and other abnormalitics of the
lower half of the body (see Ingriham 1044) A teratoma close to the cervieal spine
was accompimed by cervical spma bifida and congenital anomalies of the cord
(Gerlach 1891  Hennebery, and hoch 192%) Intracramal teratomata may be
assoctated with cramum bifidum  anencephalus palatal fissures etc A cervieal
teritoma was desenbed 1n assocration with reduphieation of the lower jaw (Wilms
1895)

Teratomata arc mixed tumours which may include m therr structure tissues
derrsed from all three prinutive gernunal Inyers  There 1s an infinite varety n the
arringement of tissues which may appear to havo some order or consist of un
differentiated cells deficzent 1n orderly arrangement and 1n which malignancy may
later supersene  The tissues may vary from those of a dermod cyst with harr
teeth ete that s with httle more than ectodermal derivatives to complex tumours
contaimng every type of tissue  The primary sex organs (gonads) however arenever
present  Pigmentation due to melamin producing cells 13 found 1n various tissues
Nersous tissue 13 present in at least four fifths of all teritomata (Wallis 1936)
Peripheral nervous tissue 1s found as nerve gangha of sympathetic type nerve
bundles usually accompanied by plentiful Schwann and penneural cells and usually
unmjehnated but sometimes myelmated and occasional well defined Pacrman
corpuscles (haboth 1924 Hausmann and Berne 1932 Willis 1936 Nicholwon
1937 MMasten 1940) The nerves of these tumours are not demsed from the host
except that the shin of a dermoid may receive such fibres (Nicholson 1937) The
tissues of the growth however do not contain the myrads of fine unmyelmated
fibres of normal tissues In all its tissues such as perichondrum periosteum
epidermis hair teeth connective tissue and fat macrophages are found as m
normal tissues The enamel organ of the tecth has o plentiful stellate reticulum
which 15 of course composed of reticulo endothelinl cells

The structure of a teratoma vanes with its position Thus central nervous
tisste may be abundant in mtracramial teratomata  gastric and pancreatic tissuo
in thoracie and upper abdominal teritomat  digits or hmbs in sacro coecygeal
and retropentoneal teratomata  that of the branchial arch contams rudiments of
the ear The last aro also associated with deformities of the tongue palate and jaw
(W llmann 1809) uch observations suggest that when some teratomata dev elop
mutant multipotential cells which would normally pass to certan areas have been
displaced and pulled out of position and so produce distorted structures 1 an abnor
mal position and at the same time the structures which should be formed by the
ongnal cell fail to develop properly at thetr normal site |

(13) Congenstal Lumbo sacral Tumours ( 1 are
found 1n relrtionship with congenital Jesions of the lower end of the spine such &

v
s
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of the cells of mahgnant tumours 1s thesr ability to feed without the aid of macro
phages It may be that the cells of bemgn tumours also possess this property to
some extent

Bemgn tumours show certain features which suggest they consist of cells whose
metabolism 1s partly controlled by macrophages umnhibited by nerve fibres so that
the normal method of dimimshing the feeding of their cells does not exist

(1) Bemgn tumours show an excessise tendency to become inflamed

(2) Bemgn tumours show an mereased metabohsm as compared with the normal
for example benign breast tumours have a greater uptahe of P? than normal tissue
(Tobin and Moore 1942 Das Gupta ef al 1956)

{3) The cells of all bemgn Ity produce of
their speeific products as compared with normal tissue Thus papilomata or
adenomata of the gut secrete excessive muem and adenomata of endocrine glands
for example thvroid 1slet cells or pituitary excess normal secretions

(4) As with normal tissnes many bemgn tumours such as warts fibromata and
neurofibromata are stimulated to grow by local iwmtation mld trauma or local
sncomplete attempts at excrston  Neurofibromata increase in size with Jocalwritation
pregnancy and vanous mtovcations such as lead poisoning or intercurrent 1llnesses
(Walson 1940) In contrast with normally mnervated tissues the tumours do not
tend to decrease in size after the irmtation has been removed All such factors
stimulate the activity of macrophages throughout the body including those m the
tumour It seems that rate of growth of a bemgn tumour 1s propartional to the
phagoey tic activity of its contained macrophages

(5) During wasting of the body the feeding of the bedy cells by macrophages 18
presumably inhibited by nervous discharge  Bemign growths are to some extent
independent of general body metabolism Many lipomata continue to grow or remain
unaffected durmg loss of body fat in phthisis and other wasting diseases (1 1irchow
1862 Madelung 1888 and others)

It 18 suggested therefore that the essential basis of bengn tumour lissue s the
presence of mutant cells surrounded by macrophages uhich largely control their meta
bolism but which themselies are uncontrolled and uninkibited by nerve fibres

The Nature of Von Recklinghausen s Disease

Certain facts are worthy of note in considerng the nature of Von Pechlimghausen s
disease

(1) The cells of the varous tumours and malformations appear to be mutants
and the raised pigmented and vascular nzvi and the various tumours such as fibro
mata myxomata or hipomata often with an angiomatous element contan no nerve
fibres  Any other benign tumour may develop None contamn nerve fibres and thev
exhibit features mndicating an absence of 1nnervation of these tissues

(2) Crocker s case 1 which transection of the cord caused a local overgrowth of
the tissues supplied by the lower half of the cord indieates the great importance of
nervous mmpulses m controllmg growth and suggests that normally eentrifugal

impulses descend the cord and mhihit the growth processes m the tissues below
{3) In cases of pact or eleph the
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(17) Congemital Disease of the Heart Najor developmental anomalies of the
heart may occur 1 cases of Von Rechlinghausens disease 1n association with
asymmetry of the two halves of the body or with numerous other congemtal
anomalies such as syringomyeha or eongemtal cystic disease of the Lidney Con
gemtal malformations of the heart may also exhibit & familial ncidence (Mcheown
et al 1953) In such cascs presumably the tissue composing the whole or part of
the heart differs genetically from the rest of the body

Conclusions as to the Possible Nature of some Congemtsl Anomahes and Bemgn
Tumours
During norme] embryome development and repair processes various cells and
tissues attract one another and may later exert mutual inductive mfluences (soe
Willier Weiss and Hamburger 1955) This 1s seen m the attraction of the ends of
growing nerve fibres into relationship with dividing cells n the rmgration of neuro
blasts and melanoblasts from the neural crest and the ingrowth of the latter into the
epidernus and eye (choroid and ms) 1n the migration of the Wolffian body
the enamel organ which grows imto relationship with the dental germ the two
causmg mutual induction to tahe place 1n the twin heart tubes which grow into
relationship with subsequent secondary fusions and foldings n the kidney where
the nephrogenic cord comes inte contact with the ureteric bud the outgrowth of the
Wolffian duet to form the secreting and collecting umts of the lidney  We have
seen that these various attractions ineluding those of nerve endings depend pni
marily on genetic consmderations which control reactions akin to antigen antibody
reactions (Tyler 1955) All benign tumours such as fibromata lipomata and angio
mata and hypertrophic nev: do not contain nerve fibres while n the last named
a leash or leashes of nerve fibres which have deviated from their normal destination
are observable Jultus (1929) studymng tar papiiomata in mice found the nerves
deflected back at the edge of the tumour It seems that the mulant cells of bemign
tumours fal to altract ingrouang nerie endings as do normal cells The mutant
pigment cells of flas prgmented nzvi and of the tissues affectod by melanosis colt
fail to nugrate normally from the neural crest to thewr objectives The mutant
eells of hyperhoratotic nzv1 may attract melanoblasts abnormally while the cells of
undescended testes consist of tissues which have faled 1o migrato normally
Adamantinomata are composed of enamel organs without dental germs the two
prmordia of the teeth having failled to establish contact Benign teratomata
consist of multipotential cells which have failed to mmgrate to their normal dest:
nation Polycystic kidneys result from failure of the two parts of the kidney to
approach and fuse normally  syningomyelia from failure of the neural folds to fuse
properly  some Linds of congenital heart lesions from failure of normal fusion of
the twin heart tubes Al of these conditions seem to result from somatic mutation
during development It appears that when somatic mutation occurs wn the body cells
at any stage of development the normal mutual atlractions and snductine influences
betueen the normal and mutant cells are disturbed giving nise to lesions contauning
mutant cells and macrophages but often no nerve fibres and when this1sso growing
with their macrophages uncontrolled It will be seen later that an essental feature
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accessory adrenil  The melanophores were very widely distributed throughout the
bran sheathing the Targer vessels fmng, the endothelum of capitiries wnd fornung
rettes  Sweet and Lonncn) (141) dcscnbcd the ease of & now homn wnfant \ntl\
what was i a Thero were widespread darkly
pigmented wdurted devated cutaneous tiestes on the head trunk and penpheries
the largest of winch was covered by hate A confluent grey brown Jenon cosered
the waphin region and extended down the nght leg to the knee  The externat
genutalts were replaced by 8 large fungating gr(mlh nnd simtdar masses arose from
permeat and perinnal regrons Theanfant lned 17 days during which time the colour
deepened pereeptibly  \t autopsy were found numerous ton pigmented nodules of
tumoue tresue 0 the Iver mnsses of tumour cells contaming pigment n the pons
cevobrat cortex and subentancous tissue and tumour masses an<ing from the perineat
reton  The structure of some of the permeal lesions s which nerve fibres were
present tamed the question of a malignnt melnoma develapug from a congental
ntine or bromatoss i i by srconia and congemtal
navt A sorieshat ainular e1se was reported by Wieox (1938} under the title
melinomatosis of the shan and central nervous sistem beeanse of the associrtion
of & large nevas that cosered the shan from the upper portion of the thughs almost
1o the costal margm with melann filled novus tells w tha bram and menwges
Wilhs (3049} described & case of melwnows of the pra of the base of the Lrun and
expeciatly the frontal jobes  Patches of shight brown i mentation were present in
the shin of the nght sdo of the face and temporal wrer outer surface of the sclera
of the nght ey e and slightly of tho et A malignant melnoma of the memnges was
present at the medsal border of the n bt cerebrsl hemmphere
It will Yo recatled that alf the melanoblasts of the body are dernved from the
neural erest from which thes sugrate to the shin eve stroctures and other parts
of the body  Thus mugration takes piace at the same time as that of the macrophages
which tend to retmn 3 pent asenlar and pennearad situation and which form some of
the cells of the meminges and endo permeural tissues and the satellite and Schwann
colls and mieroghn and pass to the adrenal cortex and medulla wnd spleen Tt s
thus significnt that mutant melanoblists may be found 1 certam circumstances in
the body an abnormal situstions chuefly penvascular on the penpheral nerves and
svmpathetic chamn 1w the meminges penvasculirly w the bram m the adrenal
medulla spleen in the gut wall and gall bladder Tt su_gests thad such phenomena
re<ult from ¢rrors of migration from the neural erest of the primitiy e mutant meline
blasts whach are perlmy@ dragged wath the migrating macrophages also demved
from the neural crest and settlo down with the Jatter in abnormal stuations
(B} Teratomata Teratomata occur espeaally mn the testis ovacy and broad
Leament  The affected testss may be undescended or ectopic or the testieular
teratoma associated with psendo k phroditism  The may occur n
the epudidymns or spermatic cord  They also oecte 1 other situations  These
mctude
{a} The sntenor mediastinum especialls between the heart and root of the luny
Here they may be closely comnected with the groat veswels at the base of
the heart and project wto the perxardial cavity
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fissues contun myriads of unmyehnated nerse fibres and tissue osergrowth oceurs
i the areas where these nerve fibres are found  The skin may show pigmentation
overgrowth or a vascular nwvas  The deeper tisstes oxhibit a general inerese m
size excessive formation of connectine tissue vasodilatation or an anglomatous
formation and hyperostosis of bone There 1s 1n fict an overgrowth of mutant
tissues but nerve fibres seem to fail to find the peripheral structures they are
norm-lly attracted to

The disease thus shows par excellence, the effects of mutation in the germ cells
and 1 somatic cells giving rse to both inhersted tumours and non mhentable growth
anomahes The developing mutant cclis of both lesions fail to attract the growmng
ends of nerve fibres which are normally mbthitory to the macrophages of the
mutant tissues and this leads to ammless out,rowths of nerve fibres  The gene
complex 1n this disease appears to be unstable

Developmental Disturbances (Congemtal Anomales) and Tumours resulting from

Disturbances of Migration of Neural Crest Cells

The macrophage tells orgmating 1 the neural crest of the embryo normalls
mugrate to all tissues especially along the vessels  The active macrophages shimulate
the growth and differentiation of the tissues  The melanoblasts hhewise arse from
the neural crest and normally pass to the eve and shin  Dunng thewr migrition
from the neural crest 1t seems that owing to disturbances of mutual attraction
between themselves and mutant cells the macrophazes may drag exther mutant
melanoblasts or multipotential cells no longer attracted to their definiti e situations
n the embryo by normal genetically dependent forees from the neighbourhoed of
the primtsie streah nd lateral side of the deyeloping neural fold and notochord to
abnormal situations  There they settle down and produce pigment or lestons con
tainng diverse tissues (teratomata) particularly 1 relation to blood vessels and
nerve plexuses The reasons for these suggestions will be adduced from vartous
sources

(A) Eatradermal Melanomata Melanoblasts are occasionally found n the pert
pheral nerves and sympathetic chain m the spleen adrenal intestine and gall
bladder Thev have been reported in the kidney n fishes They may also be found
1n the memnges optic sheath and on the cerebral (pial) vessels In some patients 2
considerable increase of these cells producing, definite pigment spots and streaks has
been ob<erved repeatedly  In Crihl s (1906) case an extensive pigmentary n-eius of
the bathing trunl area was associated with profuse pigment spots of the pia mater and
QOberndorfer (1909} saw 2 simylar extensive cutaneous natus with sy mmetrical pig
ment pots and tumours of the cerebral pa Thorel (1907) observed diffuse pigmenta
tion of the pia of the bram and upper cord wich merged into a tumour process only
at the cauda  Some of the tumours have been multiple otherssingle In Boit s case
(1907) & tumour arose from the outer side of the spinal dura  in Berblmger s (1815}
an infant of nme months multiple melanom ita of the slin and neurofibromatosis
were assocated with a melanotic tumour of the hippocampal gyvrus multiple pig
mented spots 1n various portions of the bramn glioma of the pons diffuse penthehnl
sarcoma of the cerebro spinal pia with dary dep of pigment and a truo
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accessory adrenal  The melanophores were very widely distributed throu,hout the
bram sheathing the larger vessels imng the endothelium of capillares and forming
rosettes  Sweet and Connerty (1941) desenibed the case of a new born infant with
what was dered a mal 1 There were widespread darhly
pigmented 1indurated elevated cutaneous tissues on the head trunk and penphenes
the largest of which was covered by hair A confluent grev brown lesion covered
the napkin region and oxtended down the nght leg to the knee The external
gemtahia were replaced by a large fungating growth and sinular masses arose from
perineal and perianal regions  Thenfant Ined 17 days duning which time the colour
deepened perceptibly At autopsy were found numerous non pigmented nodules of
tumour tiseue 1 the hver masses of tumour cells containing pigment 1 the pons
cerebral cortex and subcutancous tissue and tumour masses ansin,, from the penineal
region  The structure of some of the penneal lesions 1n which nerve fibres were
present raised the question of a mahgnant melanoma developing from a congenital
nevus or neurofibromatowis complicated by neurogenic sarcoma vnd congemital
nes1 A somewhat similar case was reported by Wilcox (1939) under the title
melinomatous of the shin and central nervous svstem  because of the association

of a large nmvus that covered the slan from the upper portion of the thighs alnost
to the costal margin with melanin filled nmvus cells in the bramn and meninges
Willis (1948) deseribed a case of melanosis of the i of the base of the brain and
especially the frontal lobes Patches of slight brown pigmentation were present in
the skan of the nght side of the face and temporal 1rea outer surface of the sclera
of the i ht eye and shightly of theleft A malgnant melinoma of the meninges was
present at the medial border of the nght cerebral hemsphere

It will be recalled that all the melanoblasts of the bods are denved from the
neural crest from which they mugrate to the shin eve structures and other parts
of thebody This nugration takes place at the same time as that of the macrophages
which tend to retam a perivascular and perineural situation and which form some of
the cells of the meninges and endo perineural tissues and the satelite and Schwann
cells and microgha and pass into the 1drenal cortex and medulla and spleen It 1s
thus sigmificant that mutant melanoblasts majy be found 1n certain crrcumstances i
the body 1n abnormal stuations chuefly pernvascular on the peripheral nerves and
svmpathetic chamn 1n the meninges persasculatly 1n the bram 1n the adrenal
medulla spleen 1n the gut wall and gall bladder It suggests that such phenomena
result from errors of migration from the neural crest of the primitive mutant melano
blasts which are perhaps dragged with the mgrating macrophages also demved
from the neural crest and settle down with the Iatter 1n abnormal situations

(B) Teratomata  Teratomata occur especially n the testis ovaey and broad
Liament The affected testis may be undescended or ectopic or the testicular
teratoma associated with pseudo her h The may occur In

ihel eé)ldxd\mxs or spermatic cord They also occur n other situations These
mclude

(1) The anterior mediastinum espectally between the heart and root of the lung
Here they mav be closely connected with the great vessels at the base of
the heart and project mto the pencardial cavity



172

GROWTH AND TUVOUR FORMATION

(4) Retroperttoneally where they are found especially on the aorta or close to
the superior mesentene and cahac artertes and behind the pancreas and
lidneys A teratoma of the abdominal eavity attached only to the wall of
the renal vessels was described by Potter (1852) Another has been de
scribed attached to the upper pole of the left kidney and supphed by the
renal and lumbar artenes  Others have occurred in the hidney Such
retropenitoneal teratomats may extend forward to occupy the root of the
mesentery or mesocolon

(c) Behind the rectum and above the levator am muscles in presacral and pre
coccygeal posittons  These lie n front of the sacrum and coccyx  The
tumour 1s often attached to the periostoum of the anterior surfaces of the
lower sacral or coceygeal vertebre The sacrum mav be rudimentars
The spinal dura 18 rarely imvolved  Hjy pertrophied sacral artenes and the
branches of the sacral nerves course over the tumour which 1s attached to
these structures

(d) In the neck antemor to the cervical viscera and m connection with the
branchial clefts or within the thyroid gland  In several cases the structure
of the tumour has suggested branchial arch involvement such as when
there arc deformities of the tongue palate jaw and ear and the tumour
contams rudiments of ear (Vallmann 1859)

(e) Attached to the roof of the nasopharynx or palate or with an intracramal
portion connected by an 1sthmus traversing the sphenoid bone These
may be composed of ghal and brain tissue and associated with extensie
deformities of the skull for example anencephalus hemi crama palatal
fissures etc In other cases teratomats or dermoids are found m the
hypophyseal or hypothalamic regions

(f) Multsple teratomata of the pia of the cord and brain have been recorded
Potter (1952) reports a fostus with no less than five teratomata wathin the
bran substance

(g) Teratomata may oceur anywhere along the dorso median line of closure of the
medullary tube from the third ventncle to the filum termmale (Saxer
1896 Trachtenberg 1898 White and Fripp 1900) They may be found
m the pineal gland or chorord plexus of the third ventricle or over the
dorsal surface of the sacrum and cocevx where they are adherent to or
enclosed within the periosteum or connected to the bone by 2 pedicle

Teratomata occurring in relation to the central nery ous system are often
associated with deselopmental defects of the latter and of the skull and
vertebrm Thus a teratoma of the cervical region was associated with
syrmgomyeha and central glosts of the card in cases recorded by Gerlach
(1894) and Henneberg and hoch (1923) Those in relation to the lower
part of the spine are often accompamed by sacral spina bifida {Vaton
1895 Témomn 1892 Lindsey 1896 Clutton 1898 Schwinn 1910-11
Barthelmy 1912 Park 1912-13 Broca 1813 Bucy and Haymond
1932 Hermanns 1935)

(%) In the breast orbit subcutaneous tissues mesentery or omentum
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Teratomata occur especially 1n the ovaries and testes hence the suggestion that
thev amse 1n some way from the totipotent germ cells by a process of partheno
genesis  \icholson (1900) points out that n teratomats (of the ovary) in which
there appears to be evidence of attempts to forma vertebral column  the appear
ances are deceptive and that histological exanunation shows that its bones are not
disereto elements products of metamene segmentation but centres of osaification
m one and the same cartilago and that the notochord 1s absent at points where 1t
should be present in a vertebral column Again teratomats do not contan the
primary sex organs (gonads) This 1s evidence that the object never underwent
development on somatic lines or gastrulation and nes er possesced a primmtive streak
that 15 1t has never developed from a totipotent sex cell by parthenogenesis The
cell from which a teratoma onginates 13 thus nearly but not entirely totipotent
On the other hand 1n mahgnant teratomata of the testrs there occurs tissue which
looks Iike a chorton epitheloma and verv frequently there 1s an excretion of anterior
pituitary lthe hormone which gives a positive Aschherm Zondek test The metastaces
may have a similar structure  This suggests a true totipotentialits and that m the
case of the testis these tumours arse by mutation and a process of parthenogenests

However teratomata may also occur 1n the epididymns and spermatic cord and
1n the broad hgament where sex cells are not found and mn fact 10 any part of the
body where totipotent cells do not occur normally  In these cases no excretion of
anteror pituitary ke hormone occurs 1n the unine and extra testicular tumours
appear to be of a different ongin  Certain of the observations quoted above are of
significance 1n pointing to their nature

{1) Teratomata may occur attached only to an artery wall such as the renal

by a stalk or 1n relation to the great vessels at the base of the heart and
root of the lung or on the sorta or the sacral artery It s along the vessels
of the embryo that macrophages and other neural crest cells mugrate from
the neural crest

{2) They occur on the pia arachnowd which 1s largely densed {rom neural crest

macrophages

(3) They occur 1n close relationshup to the ceatral nervous system 1n the roof of

the nasopharynx sentral to the yertebral column and over the site of the
dorso median line of closure of the medullary tube m tissues dernved from
the neural crest regron of the embryo and corresponding to the line of
closure and fusion of the neural folds

(4) They occur uithin the brain especially at the base  Vlacroph: { hia)

migrate to enter the central nervous system 1n this region

It seems therefore that teratomata occur at sites and along lines to which
neural crest cells includmg macrophages migrate These sites 1n fact correspond
to those where melanoblasts may also be found 1n abnormal circumstances  Such
observations supgest thut when some teratomata develop Tautant multipotential

cells which would normally pass to certain areas have been misplaced or pulled out
of posttion and so produce distorted structures 1n an abnormal position and at the
same time structures fail to form properly at their normal sites

It mught be that the essentral disturbance 1n teratomatous formation {other
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than n the test1s) 1s that duning migration neur1l crest macrophagea drag with them
mutant multipotential cells to abnormal situations where they continue to dif
ferentiate These mutant multipotential cells may ornate clase to the neural tube
2nd thus have a wide potentil or from more peripheral regions v hero their potential
13 more mited  Their deviation from their normal destination will then lead to
developmental defects with which they are so commonly associated  Whle the
multipotentigl cells continue to be surrounded and therr growth controlled by
macrophages the tumours remaun benign  If the macrophages disappear malignant
change has occurred (see below)

(C) Heterologous Meningeal Tumours and Tumours of the Postertor Merre Root
GQangle Peripheral Merres and Awtonomc System  The memnges lihe the endo
permeunum with which they are continuous recenve cells from the neural crest
remosal of which causes local developmental anomalies espectally in the lepto
menmges  Harnison {193%) pomts out that identrcal tumours may occur i the
meninges posterior nerve root genglta perspheral nerves and sympathetic  The
tumours which mayv develop irom the lept mclude a of
fibroblastic xanthomatous and my xomatous types and angioblastomata melano
mata lipomata osteoblastic tumours and teratomat: Those on the perpheral
nerve roots mnclude neurofibromata and melanomata (see Cushing and Weed 1915
Oberhing 1922) hzmangioblastomata (endothelioma) (W yburn Mason 1943) and
tumours contatming muxtures of lpomatous and haemingroblistomatous trssue
{Small 1955) They presumably develop from mutant cells

The microghal cells originate from the leptomeninges and so ilso from the neural
crest The nugration of microghal cells into the nervous system occurs especially
1 the nter peduncular fossa wnd the chorord plexus regton of the third and fourth
ventricles and at the site of attachment of the posterior nerve roots It 1s mn these
regions that there occur various tumours of non nertous elements rdentrcal with
those of the meninges and also mcluding hpomata angomata hemangioblasto
mata  d 1 cysts chole ta and teratomata In tho cord angiomata
may occupy only one side  Multiple ipomata my occur in the choroid plexus the
base of the brain and spme They m1v be assonvted with defects of the skull
malformed 1rides heterochroma iridis (Echart 1930) absence of kadney hare ip
and cleft palate (Baker and Adams 193%)

As with teritomata and melanomaty such heterologous grow ths m the peripheral
nerses memnges and brun can readdly be explained by the drag_ing of mutant cells
of muitiple or abnormal developmentl potentials by the mugrating neural crest

macrophages




CHAPTER X

THE MUTANT LIKE NATURE OF BALIGNANT CELLS THE FACTORS STIMU
LATING THEIR GROWTH AND THE SUGGESTED NATURE OF MALIGNANT
GROWTHS*

Sowr mlignant tumours can be transplanted mto other animals of the same
spectes and will continue to grow  Tus was first shown by Jensen (1903) m mice
At first this was only found posaible m ammals of the same breed but later they
could be transferred to any species of mouse The operatson required the transplant
of tumour cells and transmission 13 only a grafting process as the tumour cells do
not come from the new host  The new host merely acts as a cnlture medum
The successful transplantation of tumours llcpends on the stroma reaction of the
host  Toolan {1903} has recently a st ) and b logous tran,
planting of cultures of human cancers mto human y olunteers

Malgnant disease does not amse merely through Joss of restraiming influences of
the strom v on the growth of normal cells  This1s shown by a number of obsers ations

(1) Ture cultures of cclls tn titro have clearly been removed from all restraints
oxereised by other tissues but cultures of normal cells do not grow mto tumours
when 1mplanted nto homologous ammals while cultures of malignant cells of the
same type produce tumours when implanted

{2) The unimparred mvasiveness of mali nant tumours when transplanted from
one amimal to another shows that this cannot depend on any hy pothetical loss of tissue
restraints peculiar to the first animal

(3) Cells of pnimary growths continue to mvade ner hbourng tissues to depths
far beyond the extent of stromal chan,es due to the caranogemie stimuli which
evoked the growth

AMalignant cells appear to differ from the normal eells of the host The reasons
for this statement are numerous They are based on the immunological studies of
Pressman and horngold (1903) korn,old (1806) and Papport and Graf (1900) and
chromosomal studies of Levan (1906) and certam arguments such as follon —

(a) When transferred to other sites and tissues of the body by metastases or by
transplanting acadentelly dunag surgical operations cancerous cells continue to
grow and display undimimshed mvasive properties which are not displayed by
#rafts of normal cells experimentally transferred to the same site

{8} Many pure cell lines for example fibroblasts maintained in tissue culture
while at first not so can become malgnant when remjected into mce (Earle et al
1043 Sanford Likely and Earle 1904) Ths change can be mduced by chemical
carcinogens

(¢} Tumours of 1dentrcal ongin show widely different mvastve powers and the
particular degree of mvasiveness displayed by a given tumour reappears repeatedly

Th mutant nature of malgnant 1! d scu sed at length n Tha Plys pathology of
(103) Edtclby Hmbug F and F hman \\ H Hobe \w g b‘;ac o n T 55
(13 4) Boch mstry fCan ¢ tond ltem Aalm Press Ine \ew\u L “nibykoller P c

n Cncer (13 ) EMedbvPaen R W B tte worth Lonlon
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m ats metastases and m the ease of transplantable tumours m repeated tran
plants  Each tumour maintamns its own pecuhar mfiltrative and metastatie
properties

{d) Southam Moore 2und Rheads (1837} transplanted cultures of humsn cancer
and normal cells to normal and cancerous patients  They reported that eultures of
mahgnant cells caused httle reaction in cancerous patients but a violent reaction
mthenormal  Homologous normal cells do not gross 1n normal or cancerous patients
or proveke a particulathy violent reaction

(¢} Vanous factors are known to set as carcinogenic agents These melude
exposure to M rays and ultra violet hght arcemcals nichel and chromium com
pounds tar and its contamed carcinogens 3 amino 1 naphthef 1n the case of the
bladder mucosa_azo compounds and urethane 1 the case of the hiver and the Shope
shin papitomn factor m the case of the rabbit slan  Caremogenie agents have no
general or direct action sn stimulating the growth or metabolism of tissue culture cells
and many actually bt the growth and metabolism of cells 1n 1ifro (Earle ef al
1943 Haddow 1038 1944) However all these agents produce not only rualignant
but also bemgn tumours which seem to consist of mutant cells suggesting malgnant
cells may alse be of this nature

{f) Congenital abnormalities such as bemgn mel of the shin wmel;
ocult d ded or iy 1y d ded testes teratoma syrmgomyeha
poly ey stsc hudneys and Ollier 8 disense of bone seem to be evidence of mutation
the mother cells of the tissue It has often been obsersed that such developmental
errors are espectally hable to underge malignant transformation of their constituent
tissues  Renal carcinoma tends to develop s polyevstic Jadnevs m adulty and
sarcomata in nfarts  Wilms tumour may anse s hidneys showing microscopse
foer of undifferentiated tissue forming congemtal anomalies Hogan and Simons
(1957) desembe a renal adenocarcinoma m a cluld with redupheated colleeting
system and an ectopie ureter eperany, mnto the urethra  Cordonmer and Spjut (1957}
record a transithional eell earcinoma e an extrophie bladder Doherty {1927) found
that 279, of cases of mel oeult developed mal t mel A ghoma
may develop from symingomyelic cysts  Retinobl ta may be ted with
des clopmental anomales of the eye such as merophthalmos or persisteat embry onal
veasels or plexiform neuroma of the orbit and skell  Deselopment anomalies also
appear to be more hable to malignant change This 15 seen 1 mahgnant change w
sequestered portions of the breast and supernumerary breasts aberrant portions of
the thyrmd thymus pancreas uterus ovary andadrenal haplan (193u) recorded a
segment nevus assoviated with an extradural hemangioblastoma

Devie and Tolot (1908} desembed a prtient with body asymmetry There wasa
congemtal enlargement of the left upper Imb m which the superfienal vems were
enormousty developed Later severe intermttent pamn developed in the arm and
with 1t an incresse 14 size of the ipsifateral breast  On the back over the left seapula
there appesred a hpomn  The breast was found at sutopsy to hmve undergone
complete angtomatous transformation and this change extended to neighbounng
fissues and towards the axwlla  An angioma vwas present 1 the mediastinum  In
addstion there wers anglomtta of the tisswes of the left Join with excess of cellular
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fatty tissue around the left kidney and maltiple angiomata of the hyer and spleen
Reth (193%) n a female wfant of 11 months wath marked ovorgrowth of the left side
of the hody found a large embryome tumour  Since the eells of congemital anomahes
and those 1 the cnlarged half of the body m cases of hemshyperplass are probadly
mutants 1t seems that the cells which develop malignant properties also differ
genetienlfs from the other cells of the body
{g} In the fish the Mewean top nunnow {PMalypaedus) a sngla sex hnked
gene {Sp) merely produces domimant spotting  The hybnds botweon this and the
sword tarl & memberofanothergonus{ \ephophorus} presumably diffenng genetreally
are quite healthy unless they recene the gene Sp from the Plaiypacdus parent
which m the hybnd gene complex pnes nse to a fatal cancerous melinematous
gronth (hosswig 1829)  This supggests that malignant tissue differs genetically
from normal
{#) In Y on Rechlinghausen s dsseaso the cells of the various berugn tumonrs and
anamilies which have been shown to be mutants ma) undergo mahignant trans
formation
(1} The evidence that cancer proneness depends on genetic factors has been
bnefly referred to 1n Chapter VIII
To conclude such ebseryations would appear to show that the cells of malignant
tissue hie those of benygm tumonrs are genetically and probably antigemcally different
fromthe cells of the rest of the body  Thes do not appear to give nise to normef anttbody
responses in tho orgamiam  Hawerver poverful mutegens do not cause cancer wheon
tested on mice {Berenblum and Shubik 1949}  The invasive properties of tumours
must reside largely m the tumour cells themselves though thus does not mean that
the host s tisswes play no part  The mutstion khe change has characters unlike
other mutstions and resembles that from damage to the self produaing areas of the
cell {Berenblum 1954) It has been shown that makgnant tissues consst of cell
masses m which are neither macrophages nor controling nerve fibres Thus an
essential property of the cells of mahgnant tumours s that unlke normal cells they
are able o a large exfent to grow wathont the aid of macropkages to feed them or vemme
ther metabolstes
All populations of cincer cells are heterogeneous and subject to the processes of
mutation and selectine survival  Because of the latter a tumour strain can extend
s virulence to other hosts and alter ita response to sgents being tested for thera
peatic possibilities (Puck et al 1846  Rhoads 1957 Burnet 1957) Fisher and
Holloman (1941} assumed that only one mutational step 1s necessary in the change
of normal tissue to & mabgnant tissue but that cancer does not develop unless a
nuatber of i cells find tt s 15 juxtap Ifone change
oceurs i random fashon throughout hfe and overt malignancy develops only when
seven pot cells are then the observed age mcidence of
cancer would be expected dhng (1903} subseribed to the theory that multiple
mutations are necessary for mabgnant invasion  Stocks (1803) on statistical grounds
suggested the number might be five  Armitage and Dolf {1954) arguing from the
statistics of increased frequency of cancer with age concluded that six to seven

mutations are necessary for mabgnant changes from normal tissue but later
wty

1
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(Armitage and Doll 1957) found acceptable a two stage theory of cancer When 4
benign changes to a malignant tumour 1t may be that erther further mutation like
changes oceur or only that the bodily control of the mutant cells 1s completely lost
duning this change

Bemign or malignant tumour formation may oceur durmng prenatal dev elopment
or any time after birth  In mam subjects a hiability to develop mutants seems to
be due to a genetic mstability 1n cells Mutants may appear 1 response to known
carcmogenie agents to trauma or to chrome inflammation m all of which the cells
of the affected region are stimulated to grow and divide and during this process
mutant cells may appear Mutation may also occur simply during cell division
m the normal repair process oceurring all through life i the ovum fetus or after
tarth  In eases m which a carcinogen plays v part in the appearance of a mutant
scveral possibilities as to 1ts mode of action ewst

(1) It may cause mutation by direct damage to chromosomal materal m rindom
fashion  Those mutations which release the control agamst excessne growth will
then prosper

(2) It may merely stimulate regeneration and increase the chances of mutation
oceurring

(3) It may act on some key cellular component render 1t non functional and
nduce all of 1ts descendants to undergo a genetic change

As yet wo cannot ansver these questions It may be that both (2) and (3) are
operative

The Sigmficance of Macrophages around Malignant Cells

Single or scattered mutant mahgnant cells may rest mn the tissues for years
and show no tendency to multiply (Willts 1952 Hadfield 1954) A frequent
finding at autopsy In cases of carcinomatosis 1s the presence of many tumour cell
embol1 which have evohed a surrounding mflammeatory reaction and are m the
process of dissolution (Willis 1941 1952) Smmlarly one not infrequently obsersyes
a patient who develops distant metastases 15-10 years after removal of the primary
growth (Hadfield 19.4) It 1s not uncommon to find simlar cell massesin the spleen
(Jaffe 1938) Apparently tumour celis can be restricted m a dormant state in the
tissues for many vears Such tissues have of course a normal macrophage content
controlled by nerve fibres

Malignant growths are usually surrounded by a wall of macrophages 1y mpho
evtes plasm« cells and occasionally polsmorphs  This 1s a highly signiicant feature
of malignant tissue growth There are many reasons to suppose that this wail of
macrophages tends to restramn malignant tumour growth

(1) The role of marropha_es around tumours has been vestigated by many
ohservers {Fichera 1910-11  Borghi 1926  Favilh 1930 Bogomoletz 1936
see Jaffe 1938 Franceschim 1905) Borght (1926) reported that duning the trans
amours 1n ammals there are hy pertrophy and hvperplasta of the reticulo
macrophage cells that this 1s especially marhed m antmals m which
d that 1t 18 slight 1n cases where tumour deselop

planting of t
endothelial and
the tumour des elopment 1s slow an
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ment 1s rapd  Numerous observations showing that the degree of local collections
of macrophages ascociated with fibrosis parallels the resistance to the growth of
malignant tumours are forthcoming (see Franceschini 1955)

(2) The spleen 1s an 1mportant antibody producing organ of the reticulo
endothelial system  Vlalignant metastases are rare mn the spleen though small
groups of malignant cells may sometimes be found thers (Jaffe)

(3) Foulds (1932) using Brown Pearce rablat tumour found transplants gave
metastases frequently i adrenals kidneys and eves and less often in iver and hungs
Intravenous mjections gave sumlar dissemination In amimals vitally stained by
repeated njection of trypan blue that 13 1 which the actity of the reticulo endo
thelial cells was altered the spleen hsver and lungs were now the commonest sites
of metastases Evidently sital stamnmg with its subsequent alteration of macro
phage activity had dimimshed the normal reactive infertihity of these organs as sites
for metastases

(4) In experiments in which the reticulo endothehal system has been blocked
with dyes ete the ammals showed a lowered resistance to the spread of malignant
growths {seo Jaffe 1838  Francescham 1905) Ludford (1831) found that trans
plantable tumours grew more rapidly 1 mce vitally stammed with trypan blue
havetzhi and Diadjuscha (1937) reported that stimulation of the reticulo-endothelral
system lowered the incidence of development of carcinomatous metastases in rabbits
moculated intraienously with Brown Pearce carcinoma whereas blochage of tho
system rarsed the mcidence of tumour growth Diadjuscha (1037) has also clatmed
that implantation of Ehrlich 8 carcinoma into mouse Iiver or spleen or of Flexner
Jobling carcinoma into rat testis was invanably successful when the reticulo-endo
thelial svstem was blocked and rarely so when 1t was simulated Bogomoletz (1936)
suggested that the functional state of the reticulo endothelial system decrsively
conditions the resistance of an individual to caneer

(5) \ wrradiation first if and then dep the actryity of h
Vorlander (quoted by Zachert 1930) tested the effects of X irracdiation of different
mtensity on the resistance of mice to tumour grafts He found that weak dosages
made ammals more resistant and high dosa,e more susceptible krebs (1943)
adapted a lymphosarcoma by wmoculating mice after \ mrradiation  Onee grown in
the 1mmunologically weakened host 1t became capable of transplantation to the
normal growing ammal previously resistant to 1t Poussy and Guerm (1947) also
found that transplantation of sarcomata into rats 1s more eanly done and growth 1s
greater 1if carried out after successrve doses of \ rays (see also Cluchsmann 1900
Kaae 1953 haplan and Murphy 1049 Mottram 1937 1938 Yon Essen and
haplan 1952) Large volume uradiation mcreases the risk of metasteses in ammals
even 1f the pnimary 1s regressmg  Tavares and Morais (1937) found that 1n mice
pretreat; with i t f2 the growth of Ehtlich carernoma

The importance of pretreatment with X rays i causing growth of tumours 1s

illustrated by the following case reported by Cohen (1926) A 59 year old man

dwith 2 6 em d carcinoma of the dorsum of the left hand

of two years duration This was trested with superficial radio therapy Seven

months later there was an obvious local recurrence and mvolvement of the ep:
1—
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trochlear and axillary ymph nodes Al three stes showed squamous careinoma on
biopsy and were treated by intensive srradiation  Tor the succeeding six months the
patient was well except for a small necrotic ulcer at the primary mte He then
suddenly developed a febrile constitutional reaction with a generahzed macular
rash  The skin rash faded within a few days except for those lestons mside the
irradiated areas which persisted and increased Some weeks later each macule
within the irradiated shin fields had developed mto a palpablo tumour The lesions
became confluent forming tw o rectangular tumour masses exactly demarcating both
axillary treatment fields Biopsy of these Jesions showed unpigmented malignant
melanomata  Although the pnimary melanoma was not found the patient dymg
shortly afterwards without necropss there was no doubt that wido spread melanoma
cell embohzation had occurred but that all tumour emboh were effectis ely suppressed
except 1n those tissues subject to iradhation  Schurch (1934) saw a simular case of
nodular metastases of gastric carcinoma m an irradiated area of skin

(6) Not only large doses of X ravs but also cortisone depress macrophage
function  Toolan (195¢) has recently grown cultures of human cancers 1n hamsters
previously treated with X mrradiation or cortisone Toolan (1957) also succeeded
1 growing, embryonic gut and stomach mn the external chest wall of adult homo
logous amimals previously treated with cortisone Bacerga and Shubih (1954) found
that cortisone favoured an increased metastatic spread of all experimental tumours
studied

(7) Local trauma also primanly affects macrophage activity which may be
mcreased or decreased It often alters the rate of growth of tumours (Deelman
1922 1924  Des Lignens 1946  Fredwald and Rous 1944 1950 1901 Lacas
sagne 1933 Mackenzie and Rous 1941 Tullinger 1940 1943 1945 Rous and
Kidd 1941) Thus attempts at mecomplete surgical remos al of malignant growths
may stimulate the rate of growth of the tumour Cases where metastases grow
more raptdly 1n myured or mflamed tissues aro described (De Craene 1911 Firket
1925 Wilhs 1930 Dahhin and Henderson 1956) Such observations relate the
rate of growth of tumours to changes in the reticulo endothelal cell actrvity

Thus 1t appears that all factors which affect tho activity of macrophages around
mabignant cells may also affect the rate of growth and of metastatic spread of a
cancer Any factor which depresses the activity of macrophages fay ours the growth
of tumours and vice versn  Now the hastc reason for fatlure of transplanted tumours
to grow 1n an heterogeneous stramn has been clasmed to be the immune response of the
new host to foreign marher antigens in the graft (Burnet 1957) If these are lost
the tumour dev elops a progressively wider range of trinsplantibility  Loss of marker
antigens may be a primary determinant of malignancy  If this 1s so the effect of
macrophages on tumour growth may be accounted for by the fact that they contamn
and concentrate tmmune bodies round the growth and engulf tumour cells

Guggestions as to the Nature of Malignant Tumours

A malignant tumour has been defined as a now growth of tissue growing
appm"enﬂy spuntaneousl} possessing an atypieal structure subserving no use and
with no defimte termation of 1ts growth largely or wholly uncontrolled by the
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orgamsm and growing at its oxpense  Willis definition1s that a  malignant tumour
1s an abnormal mass of tissue the growth of which exceeds and 1s unco ordinated
with that of normal tissue and persists 1 the same excesstve manner after cessation
of the stimulus which evoked the change (Wilhs 1948) Micholson (1933) states
that failure of co ordination 1s the distinctive character of overv malignant tumour
Cancer 13 & breahdown 1n tho control of cells and the co ordmation of their activity
with that of other colls of the body  Yet n spite of many allegations to the contrary
the cells of malignant growths differ from normal and are mutants  The failure
1t cancer 18 due not to any weakness of the orgamsm but to a change 1n the character
of the cells rendering them in one way or another msusceptible to the normal control
(Burnet 19,7) A cardinal pont of Armutage and Doll s theory 13 that onlv 1f &
mutation results m the loss of some structure or function by which general control
over growth 1s exercised will the descendants of the mutated cell become sufficiently
numerous to produce climcally or chemically detectable results
In the foregoing pages 1t has been deduced that tho reticulo endothelal cells
1 food stuffs | sitamimns and other substances and
present them to normal tissue cells Thes thus bnng hormones to bear on ther
target cells  They also receive the waste produets of cells  In this way they control
the metabolism and growth of normal cells  The activity of the reticulo endothelal
cells 13 inhabited by 1mpulses passing to them in the unmyehnated nerve fibres In
this way the reticulo endothelial system 13 an essential ink by which the metabolism
of the cells of a tissuo 15 controlled and correlated with the rest of the body by nervous
and hormonal mechamsms Stimulation of macrophages 13 responstble for the
phenomena of inftammation and 15 essential for the processes of regeneration of a
tissue Macrophages are concerned 1n the full differentiation of cells in the embryo
It has been seen that normally various cells mcluding macrophages are attracted to
other cells of & tissue through auto antibody  or immune body phenomena
which are dependent on gemc actions
A growing malignant tumour tissue consists of masses of mutant cells apparently
genetically different from normal and cpable of growth and division without the
normal feeding by macrophages Vithin the mass are found neither macrophages
nor functionmng, nerve hbres but around 1t are collections of macrophages A feature
of the tissues of & mahgnant tumour appears to be that the mutant cells do not
attract macrophage cells or nerve endin.s as do norm+l cells Such attractions
have been seen to depend on auto immune and genetic processes Lhe mutant cells
of a malignant tumour do not appear to excite normal auto immunological pheno
mena  The absence of inflammatory responses the failure of regeneration after
myury and perhaps to some extent the tendency to necrosis m the tissues of a mahg
nant tumour can be related to this absence of macrophages
Single or small collections of mutant malignant cells may exist mn the tissues for
long periods surrounded by macrophages and nerve fibres and show no tendency to
unrestrained growth In rare cases notably bl and retmobl
mata_spontaneous slowing or even cessition of growth and regression takes place
In malgnant tumours (see Willis 1948) Neuroblastomata then change their charac
ter to that of 1 This 13 d by the app within
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the growth of Schwann cells and macrophages and by duffe 1ation of the neuro
blasts of the growth to form ganghon cells and axons with applied Schwann colls
In <uch eases the entry of macrophages and Schwann cells (wluch hase trophie
functions in relation to other cells) has to some extent restored the normal control of
mutant cells which are now more differentiated It seems that the absenco of
macrophiges and nerve fibres could be an essentral feature of malignant
tumours and 2 mamfestation of the loss of control of the metabolism of 1ts cells The
wall of macrophages round a mabgnant tumour 1s perhaps evidence of an attempt
to re establish macrophage control of the mutant tissue *

Factors Precipitating Malignant Invasion by Mutant Cells

() Those associated with known Carcinogenic Agents acting on previously Vormal
Tissues Reference has heen made above to the uptake of particulate or chemical
carcinogenic agents applied to a tissue by the reticulo endothehal cells and also to
the fact that both tar compounds and X r1y» applied to a tissue lead firstly to
stimulation and later depression of the phayocytic activity of its contained macro
phages  Brief mention has been made of the known factors which may induce
benign and malignant tumour formation that 1s cell mutation 1n presously normal
tissues  These same factors also produce other phenomena In all occupational
shin cancers the onset of the tumour formation 18 preceded by a chromic dermatitis
hy perkeratosis folliculitis and acne  Exposure to the elements Likewse leads to
nflimmatory changes in the shin and hyperheratosis Chronie exposure to \ rays
15 followed by inflammatory changes mn the skin and other tissues and to hvper
keratoses and the irradiated shinis sensitive to hght  Agamn arsenicals cause hyper
keratoses and when ngested or 1n) d lead to mfl 3 changes 1n the shin
such as eczema and pustular eruptions conjunctivitis pharyngitis stomatitts
leucoplalua gastntis and colitis  The shin may be sensitive to hght Inhalation of
michel or chromium compounds canses chronie nasal inflammation and bronchitis
and i contact with the shin they may induce severe dermatitis Phosphorus
arsenic lead manginese copper alcohol chlornated hydrocarbons coal tar ete
which predispose to tumour formation in the Iner cause acute or chronte hepatitis
before doing so  The bladder mucosa of amltne dye worhers who are predisposed
to tumour formation at thus site exhibits inflammatory changes before the tumour
appears Smoking causes chronic mflammatory change of the bronchal mucosa
with mcreased sensitivity to mhaled mmtants  Chronic exposure of the shin to tar
or purified carcinogeme agents leads to foliculitrs hyperemia inflammatory changes
and hy perheratoses and the shin may be sensitive to ight  The agent responsible
for the Shope skin tumour m rabbits likew1se wduces mflammatory changes and
hy perheratoses

Following herpes zoster which predisposes to bemgn and malgnant tumour
formatton (W 3 burn Mason 1900) the affected shinis over sensitive to stimuli of all

form ton
t 15 Lorne out by the recer t obue at ons on the effe t of cortison on tymour

:},Tlc];?evc::i\l,a emogen (D1 nRevnsl personal commuitcat n) If mouso sku 15 pantel with
“I(h\lclolamhwne in_uffi ently to produ  Ieson the njece nof cortisntecavse th afpearance of
foth vay dlomata an | carcts omata ugg tng that d press o1 of macroph ge function allows mal gnart

cells to grow
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Linds and shows & tendency to become inflamed easily and for dermatitis and
peomass to appear m the shin or leukoplahts m the mouth  Agwin the smte of
recurrent herpes zoster may be the seat of benign or malimant tumour formation
{W3burn Mason 1907b) The affected t1 sues show an abnormal sensitivaty to heht
or temperature changes In the buceal mucosa malignant change 1s often preceded by
chrome mflammatory leukoplakie changes which are also frequently found in the
vagint pnior to mali nant change
In all the above conditions the affected tissues exhibit mflammators changes
and 1ncrensed eensitivity to novious stimubi indicatrve of disturbance of function
1 macrophages  The importance of stimuli in inducing malignant change 15 shown
especially in the heredo fammhal disease xeroderma pigmentosa 1n which the normat
protective secretions of the skin are deficient  Exposure of the <hin to light espectally
ultra violet leads to the development of hyperkeratosis chronie inflammatory
changes papillomata and anglomata and there 13 a marhed <ensttivits to sunlight
or other stimuli which may cause change to rodent ulcer squamous earcinomata or
1 v Inexp al tar eancers mn ammals injury of a careino
genically prepared area may preapitate tumour formation (Deelman 1922 1923
1924 Pulbnger 1940) Deelman and Van Erp (1926) showed that a crop of
papillomata was precipitated along the lime of deep ineisions in mouse shin presiousty
tarred  Berenblum and Shubik (1949) found that 1n mice brief treatment of the shin
with a standard carcinogen would not produce a tumour  If however the areas were
subsequently treated for a prolonged period with croton o1l itself non earcimogemie
tumours arose in pumbers approximately proportional to the concentration of the
carcinogen used  Scanfication wounding heating and freezing had a simular effect
The carcinogen acted as the mtiator and the other agents as  promoters of
mvasion (B bl 1954) When brought nto contact with stan
urethane does not lead to mflammation but 13 an mitiator of carcinogenesis If a
co carainogen 1s Jater applied malignant nvasion occurs  One essenfial step n
carcinogenesis appears to be the causing of mutation by the carcinogen  This 13
instantaneous srrerersible and wnvisible  The go called co carcinogenic action of croton
ol ayury and many other factors which act on macrophages 13 necessary to lead fo
mahgnant minnion and determmes 1ts latent pemod {Bereablum) Berenblum
con idered the possibility that co caranogen worked by irnitation though why so
many imtants are weffective he could not explamn
(B) Factors acting on O tal A )/ Ths ues Mutant Cells
It 13 well known that malignant change tends to be precipitated easily in congental
anomahes which have been shown to be compoved of mutant cells The<e include
mgmented nevs m which mfection and tranma are recogmzed agents leadng to
malignant change teratomata and ectopic testes 1n which surgical ntervention
and trauma, are also 1mportant factors leading to mahgnaney (Gordon Taylor 1948)
1n cases of melanosis oculi the onset of malignaney 1s related to infection and tranma
(Walsh 1947) In Von “echlinghausens diease and other heredo familal pre
cancerous diseases mahignant change m the neurofibromata may take place especially
after trauma or attempts 1t surgiral removal (Wilson 1940)
Again there appear to be two factors of importance 1n causing mahgnant change
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the existence of mutant cells surrounded by macrophages 1 the tissues and the
occurrence of a lus leading to nfla tory ch and mvolving alteration
m maerophage actn ity

(C) Trauma Chrome Irritation and Inflammation preceding Malignant Change
As shown above non speeific trauma chronie rmitation and nflammation may
precede bemgn and malignant tumour formation and the cell mutation occurs
during the repair processes  In such conditions there 18 of course an alteration of
macrophage actiuity  The tissues are abnormally sensitise to noxious stimuh

To summanze 1 almost all premalignant conditions the tissues contarn mutants
and may show snflammatory changes and an exaggerated reaction to noxious stimuls
of 1arious kinds trauma hght etc  Mal t iniasion 18 often precypriated by exposure
to stimuls or agents producing wflammation ncluding frauma  These act on macro
phages and exther stimulate or kil them  Most carcmogeme agents not only cause celt
mutation but also affect the phagoeytic activity of macrophages and so alter the rate
of cell diuision It has been shown that m certan circumstances malignant cells may
exst 1n the body surrounded by macrophages and exhibit no tendency to invasion
Staularly in benign tumours and eongenital anomalies the indiy idual mutant cells com
posing the lesions are surrounded by macrophages  We have seen that agents which
depress the phagocy tic actiaty of macrophages appear to stimulate therate of growth
of mahgnant tumours The role of noxious agents 1n promoting malignant sy asion
may be that they stimulate macrophages wd so cell division or they kil
the macrophages Iymg around and between the mutant cells and so prevent the
concentration of immune bodies 1n relation to the latter at the same time removing
the macrophage mechanism by which the metabolie activity of cells 1> normaih
controlled Some of these mutant cells possess the ability to feed and diside wathout
the intermediary of macrophages and emerge by a process of selectine growth  On
the other hand 1t 13 possible that the change from a benuga to a malignant tumour or
the appe trance of malignancy 1 a congemtal anomaly nught be the result of further
mutation 1 the componcnt cells of the lesion  Apart from that seen i hormone
dependent cancers spontancous regression of tumours 1< occasionally obseryed and
sometimes results from non speeific causes such as infectrons operations ete which
may also on the contrary stimulate tumour growth “Such effects might well result
from a non speeific alteration of the actisty of the macrophages around a tumour

Ghomata

In normal central neryous tissue the microgla 15 found exery where surrounded
and 1 relation to ganghon cells and axons the function of which they control  Here
also are found fine unmy elinated fibres No vital stamng of unmy ehmated nerve
fibres and mcroglia 1s found within a ghom..  Macrophages form a barmer around
the edge of these tumours In the more slowly growmg tumours this may form a
fibroblast Ithe capsule The structure of ghomata 13 that of areas of dedifferentiated
ghal cells Joohing like astrocytes or ohigodendrocvtes medulloblists or ependy mal
cells  Often mixtures of all types of cell and also diffuse pleomorphism may be
obsersed  Cliomata are lIthe malignant tumours of other tissues mutant cells

growing without macrophage and neural controf
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Placental Tumours

Benign tumours such as fibromat or angiomata may occur n the placenta pre
sumably as the result of somatic mutation in the appropnate cells Valgnant
tumours or chorion epitheliomata may lhewse develop n the placenta  Similar
tissue may also bo found in teratomata  In the former case they are probably the
result of early farlure or defective development of the embryo (sce Willis)  Thes<e
mahignant tumours gue no stammng with vital dyes and contamn no macrophages
or nerve fibres  They constst of choriome cells probably ansing by mutation dunng
feetal Ife  Their dev elopment m pregnancy 1s perhaps related to disturbed genetic
and therefore immunological relationships between the feetal matenal and that of
the mother

Congemtal Tumours

The 2l mall t tumours are the congemtal sarcomata the

bl sympathicoblastomata and gang] omata VWilms of

the hidney and retioblastomata (Wells 1940)  All may beessociated with congenital

growth anomalies of the affected or other tissue The tumours lhe congerital

bemgn tumours and abnormalities presumably anse from cells which have under
gone somatie mutation duning early development

Myelod and Lymphatic Leukeemias

In leukmnuas there 13 an excessive number of white cells and theirr immature
forms 1 the blood and these are also found infiltrating all tissues where they con
tinue to mature  In myeloid leuhermia granulopotests s disturbed 1n Iy mphatie
leukwmta the Jymphord tissue 1s pnmartly affected It 1s necessary to separate
from cases of true Jymphatic Jeukmmia those cases of Iymphoid reticuloses 1n which
abnormal lymphotd cells appear m the circulation and which appear to be separate
conditions VW hen considering the nature of the leukemias and whether they are
benign or malhgnant conditions that 1s whether they metasta ize 1t 1s important to
recall that blood cells and their precursors normally pass into the errculation and
may settle down prohferate and mature in any tissue

Leukzermias may oceasionally follow exposure to chemicals especially benzol
pvridine and anilme dyes mdole hydroxvlamme tar and benzanthracene \ rays
radium etc all of which mav cause mutation m cells and bemgn and mahgnant
tumour formation m various tissues It seems reasonnble to conclude that the
baas of a lenkamia 15 a mutation 1n the precursor cells of a portion of the hemo
poretic system  This allows uncontrolled production of abnormal whate cells which
pass nto the circulation and there mature In any condition in which division of
white cell p s st d such as mn 1nfe or 1n poly cytherma there 1s
an d chance of a developing  Acute differ from chrome leuhzemias
not only mn their course but 1n age d and resp to therap agents
such as 6 mercapto purme They are presumably due to different cell mutations

Such abnormal white blood cells act as imtants and stimulate the reticulo
endothelial cells of the vanous tissues i which they e Thus n Iymph nodes vital
staining shows a greatly increased number of retrculo endothehal cells as taking up
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the dye This stimulation of reticulo endothelial cells must cause yasodilatation
cedema local inflammatory changes and increases the uptake of arculating sub
stances and metabolic processes and so growth of the cells of the infiltrated tissues
leading to hvperplasia  Thus the uptake of P* 13 greatest in the tissues which
show the greatest mfiltration and ymtation by leuhemie cells such as the Inver
spleen Lidney and bone marrow (Marren 19043)

Because of these effects there are feitures common to both conditions which
resemble those of an intoxication or infection  These include shan lestons of various
tvpes such as generalized vasodilatation cedema inflammators lesions such as
mycosis fungoides eczema psomass and dermatitts arthntis ete and a nse in
BAIR and temperature all of which would seem to follow 1rmtation of the macro
phages of the tissues  Hyperplastic changes found include hyperplasta of the Liver
salvary and lacnmal glands (Mickulicz s syndrome) stimulation of periosteal bone
growth with osteoporosts hyperplasia of the gastro intestmal mucosa etc  All these
lesions are stuffed with abnormal white eells

Tumour Formation iz Lower Forms

Reference has been made to the eustence of elements with the character of
retlculo endothelial cells 1n ~ll vertebrates and i all mmertebrates above and

the H They are p d to function in the same nay as mn

vertebrates Fox (1923) Feldman (1932) Cramer (1932) Patchife (1933) and
Dobbersten (1953) found that nearly all neoplasms oceurring 1o man also oceur 1
vertebrate ammals Cancer in ammals appears to be due usually to chrome irmitation
It can be nduced by A ravs chemcals and hormone disturbances Pflugfelder
(1953) found that grow ths also occur m urochordates molluses annelids crustacea
arthropods arachruds 1nsects ete 1 which cells ke macrophages are found
Macrophages presumably perform the same function in relation to mutant malignant
cells 1n Jower ammals 1s 1n man




APIFADIN  CASE NOTES
Cise

Male aged s8years  Family ln tory—nilrlesant Tenyears before ho pital 1dnussion

he noticed gradual wncrea e 1n the size of s hands and feet and alteration mn his facial
A diagm of wasmade Five veirs before admission he began

to suffer from girdle pains around the trunk at the fevel of the fower part of the thorax
weahness of the legs and impurment of sensation  The physieal signs indicated a lesion
at the level of D8 sepyment  Investigitions showed no abnormality 1n the cerebro spinal
fluid and mtrithecal mjection of Liprodol no bloch n the spmal subarachnod space
Laminoectomy revealed the pre ence of an ntrameduliary tumour causing a fusiform
enlirgement 1n this region Mo treatment was posaable  The paralysis increased and two
vears before admusion he developed bleeding, piles and pun in the region of the anus
paticularly at mght  Consuiderable amounts of mucus werc pas ed per rectum and occa
sional bouts of constipation occurred

Examination —The patient had a typieal ) with y
and enormous hands and feet  Multiple pcdunculited p d moles and
of the shin of small type were pre ent over the trunk and hmbs  The signs of a central
leron of the cord were pre ent as mndicated by the severe spastie paraplegta extensor
phintar responses and dissoenited lo s of pun and temperaturc sensibility extending from
Db atove to T1 segment helow  Micturition was normal but there was no control over
defecition A papuliferous mass was pre ent round the anus chiefly on the right side
and an ulcer extended into the anal canal for about 13 mches  The rectal Iymph nodes
were palpable on both sides  The bloed pressure was 165/100 mm Hg  Biopsy from the
rectal mass showed a dedifferentiated earcinomn of collord type  Cerebro spinal flud was
normal with A protein content of 30 mgm °,  blood count 1 BC 4 o6 mill per cu mm
Hb 889 CI 09> blood urea 32mgm °, fasting blood sugar W mgm = W P and
hahn negative _Radiographs of the sl ull showed disorganization of the walls of the
Pitutary fossa The clinoid processes were displaced relative to each other and the dorsum
sella bachwards and partially de troyed The floor of the fos a was not clear The
Appearances were those of a pitwitary adenoma  Vell marked acromegalic changes were
present mn the facinl bones  Osteo arthmtic changes were found m both hip jonts  The
bones of the pelvis were osteoporatc and their trabecular structure coarse  Gross osteo
arthnitic changes associated with alteration of the texture of the bones were pre ent
throughout the spmal column and in other bones and appeared to be due to an unusual
form of Pagets diease The alkaline phosphatase content of the hlood was 129 umts
{normal 5-10) and the acid pho phatasc 4 u umts (normal 0 5-2 0)

Case 2

Female aged 30 years The patient was born with a left sided facral nevus  Her heart
was found t> be abnormal at an early age At the age of 14 years a partial surgreal excrsion
of the nevus was carned out  Thus lett much scarring At the age of 17 the nevus had
reeurred and she was treated by the injection of botling water mto the nevus folloned
by surface application of 50 mgm of radim plagues At the age of 2 she was agam
admtted to hospital and the boiling water mjections were repeated Smce that fime
the changes had recurred and Jarge veins had appearcd over the left side of the fice and
temple The vision 1 the left eye had much dcteriorated 1n the coure of the years though
that in the right was good  Ezamination ~1he facial appesrance of the patient 15 shown
i Fig 71 Pestricted to the whole of the left trigemmnal area was a blue ngiomatous
condition with purple raicd areas wnd mu h scarring  The fissues were swollen and
overgrown as compared with the normal The shin showed areas of hyperl ervtoss and

Y
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soft warty growths and tended to hang down asa fold  The right 1nis was blue and the Jeft
brown The left eyclids were much thickened and swallen The conyunctiva exhibited
chemosis and was swollen The sclera was very red and took part m the angiomatous
chainge  Reddish purple vesicles were to be scen in it The globe of the left eye was
marhedly hypertrophic and generally larger than the nght The left puna was somewhat
larger than the nght  Large varicose veins were present at the inmer canthus and on the
left temple  The mcrease 1n size of the left face caused the nosc to be noticcably pushed
over to the right  The teeth on the left side of the Jaws were obviously larger than on the
right side A loud systohe murmur could be heard over all areas of the chest especially
n the mesocardial region  The apex beat was not displaced  The blood pressure was
110/70 mm Hy, The other systems including the central nervous system were normal
Radiographs of the skull showed an increase 1n size of all the Jeft facral Lones and teeth
as compared with the nght  The flat bones on the left side show ed a noten orthy rarefaction
and appearances il ¢ those of Paget s discase the sutures being obltterated though those
of the right side were vistble The nasal septum was markedly over to the nght side and
the left ¢hinoid processes and the left orbit were larger than the nght  Radiographs of the
chest showed a prominence of the pulmonary arteries and nght ventnele but no enhirge
ment of the auricles or left ventricle  The hilar markings were normal It seemed probable
that a patent mterientricular septum w1s present  Biopsy of one of the warty growths
showed 1t to be an angro po fibroma

Case 3

Male aged 4 years Either at birth or within three weeks the face was observed to be
asymmetrical It was thought at first to be due to a birth mjury but gradually increased
n sevenity At the age of 7 months he attended Great Ormond Street Hospital where he
w1s found to have congenital left hemihy pertrophy of the face with enlargement of the
maxilla and left cye  rregular and eccentnic left pupil and night sided hydroccele At
the age of 2} vears indectomy was performed on the left eve and later a smail piece of
bone was removed from the hard palate for microscopreal exammation This had an
irregnlar Jnmellar structure with fibrosis consistent with some form of sclerosmg osteit
such as Paget s diserse or leontiaws ossea  Ezxamination —The onlv abnormality was m
the left side of the face and head The left face was con 1derably larger than the rght
arde and particularly 1n the lower part the mouth pulled over towards the nght  the left
eyeld dropped  The soft tissues of the cheel were thichened as were the gums and the
teft side of the hard palate The globe of the left eye was larger than the ght There
was an old iidectomy scar The thicl enng of the gums crused a pirtial burying of the
teeth on the left side whereas those on the right were fully erupted  \ riys of the shull
showed enl of the left sphenoidal fissure and orbat  The lesser and greater wing
of the sphenoid on the left stde was greater than on the right m fact the whole of the left
stde of the anterior shull was larger than on thenght  The bones showed evidence of inerease
1n denuity resembling that of Paget 5 disease  The calaification of the teeth on the left side
was considerably mn adsance of that on the right The incisor teeth on the left side sloped
downuards and to the nght and Jower upwards and to the nght  This was m contrist to
those on the nght
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soft warty growths and tended to hang downasa fold 'The right ins was blue and the left
brown The left eyelids were much thickened and swollen The conjunctiva exhibited
chemosis and was swollen  The sclera was very red and tool part i the angiomatous
change  Reddish purple vesicles were to be seen 1t The globe of the left eye was
marhedly hy pertrophie and generally larger than the nght The left pmna w1s somewhat
larger than the ght  Large varicose veins were present at the mner canthus and on the
left temple The increase 1n size of the left face caused the nose to be noticeably pushed
over to the nght  The teeth on the left side of the jaws were obviously larger than on the
right side A loud systolic murmur could be heard over all areas of the chest especally
n the mesocardial region  The apex beat was not displaced The blood pressure was
110/70 mm Hg The other systems mcluding the central nervous system %ere normal
Rndrographs of the skull showed an merease 1n size of all the left facial bones and teeth
as comprred with theright  The flat bones on the left ssde showed a noteworthy rarefaction
and appearances lil e those of Paget s disease the sutures being obliterated though those
of the nght side were visible  The nasal septum was marhedly over to the nght side and
the left clino:d processes and the left orbit were larger than the nght  Radiographs of the
chest showed a prominence of the pulmonary arteries and night ventricle but no enlarge
ment of the aurtcles or left ventricle The hilar marl ings were normal It seemed probable
that a patent mterventricular septum was present Biopsy of one of the warty growths
<howed 1t to be an angio Iipo fibroma

Case 3

Mnle aged 4 years Either at birth or within three weehs the face was observed to be
asymmetrical It w1s thought at first to be due to a birth injury  but gradually mcreased
i seventy At the age of 7 months he attended Great Ormond Street Hospital where he
was found to have congemtal left hermhvpertrophy of the face with enlargement of the
maxilla and left eye  irregular and eccentnic left pupil and nght stded hydroccele At
the age of 21 years indectomy was performed on the left eye and later a small piece of
bone was removed from the hard palate for microscoprcal exammation Tins had an
wregular Inmellar structure with fibrosis consistent with some form of sclerosing ostertis
such as Paget s disease or leontinsis ossea E. —The only Ity was m
the left side of the face and head The left face was considerably larger than the night
side and particularly i the lower part the mouth pulled over towards the night  the left
eyeld dropped  The soft tissues of the cheek were thichened as were the gums and the
left side of the hard palate The globe of the left eye was larger than the right  There
was an old indectomy scar The thiel ening of the gums caused a partial buryin,. of the
tecth on the left side” whereas those on the right were fully erupted '\ rays of the shull
showed enlargement of the left sphenoidal fissure and orbit  The Jesser and grenter wing
of the sphenaid on the left side was greater than on the nght 1 fact the whole of the left
aide of the antenor shull was larger than on thenght  The bones show ed evidence of increase
1n density, resembhing that of Paget s disexse  The ealetfication of the teeth on the left side
was considerably 1n adsance of that on the nght  The meisor teeth on the left side sloped
downuards and to the right and lower upwards and to the ight  This was m contrast to

those on the right
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