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PREFACE

Sunce the preparation of our first blood specimens more than two years
ago we have depended on cooperation and help from many sources
The chief financial support of the laboratory has been provided by the
United States Public Health Service under Grant H 1663 The RCA
EML electron microscope on which most of the electron mucrographs
were taken was purchased with funds from this grant A substantial
part of the runming exp of the Yy
maintenance was also denived from this source Supplementary sup
port for the laboratory has been generously granted by the Lilly Re
search Laboratories Annual grants from this source have provided a
h s salary and d TUNBING XPX Particular thanks
are extended to them for a special grant of $2000 supplementary to
thesr annual contnbution which was given in recogmition of our need
for added funds to meet the extraordinary expenses mcident to the
preparation of this book During the preparation of this book one of
us (JAF) was a Public Health Tratning Fellow under Grant HTS-5111
The Chanty Hospstal of Lowsiana i New Orleans mamtains an
RCA EMU 2 electron microscope for the use of interested screntific
personnel m the New Orleans area this instrument was used 1 the
early stages of the project An RCA EMU 3 electron microscope
the Pathology Department at Lowsiana State University was also used
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through the courtesy of Dr Henry C McGill His light micrography
apparatus was used to take the hight micrographs of the leukemias
Dr R A Smmmons head of the Department of Publhic Health and
Preventive Medicine took the light micrographs of the normal blood
cells The International model PR 2 refngerated centrifuge n which
the blood samples were spun down prior to fixation was made available
to us through the courtesy of Dr Ernest Bueding of the Department
of Pharmacology of this school

Dr Monroe § Samuels of the Department of Pathology m this
school and 1n Charity Hospital cooperated in obtainmg blood samples
assisted with taking the lhight micrographs and made the chnical diag
noses Without his help mn obtaiming samples and his advice m nter
pretative problems this undertaking would have been extraordinanly
difficult Dr Ralph M Hartwell of Hotel Dieu cooperated i obtaming
blood samples from certan patients Dr Esther E Anderson of the
Lowsiana State Umiversity Department of Pediatnics assisted with the
clinical nterpretation of the stem cell leukemias Marjonie Ledoux of
the Loustana State Umversity medical library helped prepare the
reference lists The cooperation of Rita Bondio of the Chanty Hospital
record library n obtarming chnical charts for study s appreciated

In our own laboratory the sections for electron microscopy were
cut by Max R Clevenger who also performed general technical work
Lucien C Caro and later Robert E Druce mamtamed the electron
microscopes m the fine working order necessary to obtain the electron
micrographs Many of the final prints used for engraving were made by
Peter Gregorio Lowss LaScola of the Lowssiana State Untversity De
partment of Medical Illustration lettered the prints Don Alvarado
head of the Department of Medical Ilustration made the drawing on
page 6

Much of the umnterrupted progress of the work has been due to the
liberal policies of academuc freedom expressed by Dr Charles M Goss
head of the Department of Anatomy and by Dr Wm W Frye Dean
of Lomsiana State Unmiversity School of Medicine

FNL
JAF
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INTRODUCTION

During the past few years excellent pmvress has been made m the de
velopment and use of p y for b 1 electron
microscopy Plastic embeddmg 3 buﬁered osmwm tetroxide fixation
[3] glass kmwves [1] and a mew and mmproved ultramcrotome ([4]
have all combined their menits to make high-qualty preparations rou
tinely possible All the soft biological tissues are now amenable to analy
sis at the electron level of magnification In keeping wath these ad
vances an electron of ultr; m the
leukocytes of normal and \eukemlc human blood was undertaken along
the followng lines

TECHNIQUE

Durmg the summer of 1955 James A Freeman developed a techmque
for the collection of samples of human blood for electron microscopic
study [2] The method was designed to 1nvolve the least possible tech
necal mantpulation of the bleod sample both before and after fixation
All mstruments were coated with nonwetting agents and the blood was
refrigerated to prevent or delay clotting The sample was centnfuged to
concentrate the bufly coat thereby obtaintng minimal contamination by



erythrocytes No anticoagulant or any other foreign substance was added
to the blood prior to fixation

About 6 to 7 cc of blood was obtamed by vemupuncture either (a) by
withdrawal with a 10-cc syringe fitted with a 20 gauge needle and trans
ference to a 10-cc Lusteroid centrifuge tube (Internatonal) precooled
to 5 to 10°C or (b) by needle dnp directly into the tube The syringe
had been previously silicon coated with Dow Corning 200 2 per cent
CCl, by immersion and bikmg for 3/ to 1 hour at 450 to 550°C The
needle had been coated with 10 per cent aqueous Armour Monocote
[tris {2 hydroxyethyldodecyl) NH,CI] by immersion dranng and air
drymg The icecooled sample was then centnfuged at 1500 rpm for
15 mmutes at 0°C (relative centnfugal force = 265 International model
PR 2 refngerated angle head) The buffy coat was aspirated with a silt
con-coated pipette and transferred to a glass tube contaiming 5 cc of
1 per cent Veronal buffered (pH = 7 4) OsOy at 5 to 10 C[3] It was
fixed for 1/ or 1 hour usually the former Between the successive steps
(1’ to 1 hour) of fixation dehydration and methacrylate mfiltration the
specimen was centnfuged for 1 to 11/ munutes at 1500 rpm (relatne
centrifugal force = 385 Clay Adams Safeguard) 1n glass tubes (alcohol
dissolves Lusteroid') After each centnfugation the supernatant flud
was decanted the next flnd added and the tube manually agitated to
produce a suspension The last methacrylate suspension (6 parts n butyl
1 part methyl) was permutted to settle by gravity in 00 gelatin capsules
for ¥ to 1 hour to avoid close packng This also eliminated bubble
formation dunng polymenzation which was performed overmght at
47°C Sections were cut on a Porter Blum microtome using a glass
knife and were mounted on copper gnds covered by Formvar or carbon
membranes Three RCA electron microscopes were used for viewmng and
photography an EMU 2 an EML 1 B and an EMU 3 The micro
graphs were taken on 2 by 10 m or 314 by 4 n Kodak lantern shde
medium plates and were printed by projection enlargement Neither
Pprints nor negatives were retouched

MATERIALS

The normal blood samples used i this study were obtamned from vol
unteer donors The leukemic blood was obtaned from patients at the
Chanty Hospital of Lowsiana in New Orleans They represent a typical
group of leukerma patients coming into a 3000 bed hospital over a
period of a hittle over 2 years At the same time that the blood samples
were obtamned for electron microscopy smears were prepared stamed
by Wright s method and studied under the light microscope The pertt
nent data on the blood samples are given 1n the table on pages 4 and §

CHARACTERISTICS OF ELECTRON MICROGRAPHS

Electron micrographs depict cellular morphology m much greater de
tail than the finest hght micrographs Observers fammhar with the ap



pearance of tissues in hight Py no difficulty 1n recog
mzmg most cellular structures m electmn m\ctographs But there are
1 and quite fi between the
two kinds of preparation Certain inaceuracies may anse from meautious
mterpretation of electron micrographs of Jeukocytes by those primarily
famliar with the hematology of light microscopy Since these musinter
pretations can be avoided by the use of a few simple and easily applied
punciples the sigmificant differences between light and electron mero
graphs are discussed below 1n the order of their importance
The most important difference between the preparations of hight and
electron microscopy 15 traceable to the actual amount of tissue present
In smear preparations those most commonly used tn usval hematofogic
preparations entire cells are present All the formed elements of the cell
which have been preserved by the techmque are available for examina
tion But 1n electron microscopy very thin sections of cells averaging
Vo to Y4 p thick are used A ¥ o x section through the middie of a
rounded up cell 10 x in diameter contams only %} of 1 per cent of the
total volume of the cell This presents a very revealing picture of the
formed element d within that lar section But compar
able information about the remainder of the cell would require 133 more
sections 1n sena} order an obvious wmpracticalty The wisvalization of
any structure 1n a particular section may be accepted as proof of its
presence 1n a cell but 1ts absence 1s not evidence that the cell does not
possess such a structure Thus the thin sections of electron microscopy
mpose an PP h to the P of cellu
Jar ultrastructure Many sections from 2 number of cells the larger the
better must be studied to form an idea of their structural organization
Another feature of importance traceable to the thin sections of elec
tron microscopy ts the fact that the plane of section through any cell
15 haphazard It mav pass centrally or penipherally by chance and
any direcion The figure on page 6 illustrates some of the ambiguities
anising from this circumstance In this figure each one of the four hypo
thetical planes of section results 1n 1 section quite different from the
rest although all are derived from the same cell
1t 15 well to be aware of certain other ways 1 which efectron mucro
graphs differ from those of light microscopy although they are of less
entical sigruficance The densities of hight micrographs are traceable to
varable hight transmission and chromatic factors which are famihar to
2l But the densiies 1n an clectron micrograph are functions of the
atomic mass of the elements present in any particular part of the spect
men When the atormic mass 1s high s 1n areas occupied by concentra
tions of heavy metals the density 1s ligh and the area 1s dark Wherever
the atomic mass 15 low as 1 parts of the specimen populated by elements
of low atomic weight corresponding areas of the graph are hight
All the electron micrographs 10 this volume were made from tissues
fixed with osmum tetroxide and the varying densities i them are
largely expressions of local distributions of osmum atoms Osmium with
a specific gravity of 225 15 the most dense of ol) the elements This
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Therapy before

Case WBC Peripheral Specimen
No  Sex Age  Clinical Diagnosis ~ Count Biood Picture Obtained
la  Male 22 Normal 6500 Normal None
1b  Male 22 Normal 7200 Normal None
ic  Male 22 Normal 6800 Normal None
1d  Male 22 Normal 8100 Normal None
le  Male 23 Normal — Normal None
1f  Male 23 Normal 7400 Normal None
g Male 24  Normal 6700  Normal None
2a  Male 23 Normal 7600  Normal Nane
26 Male 23 Normal 7500  Normal None
3a  Male 20 Normal 7400 Normal None
3b  Male 21 Normal — Normal basophils 6% None
4 Mnle 22 Normal 7000 Normal None
5 Female 16  Normal 8400  Normal None
6 Male 23  Normal 8200 Normal None
7 Male 46 Normal — Normal None
3 Male 56  Normal — Normal None
Male 26 Normal —_ Normal basophils 4% None
10 Female 15  Undiagnosed iflness 15500  Eosmophils 50% None
11 Female 58  Undiagnosed illness — Eosinophils 5797 None
12 Male 3 Pneumonitis 125000  Eosinophils 85¢” None
13 Male 47 G of h, 11500 hl % None
basophuls 4%
14  Female 62 Chromc myelogenous 86200 — None
leukemta
15 Female 60 Chromc myclogenous 235000  Metamyelocytes 20 None
leukemta myelocytes 11¢%
blasts 5%
16 Female 48  Chronc my 37 000 8% None
leukemia myelocytes 6%
blasts 4%
17 Female 63  Chromc myelogenous 15000 Metamyelocytes 289" None
leukemia myelocytes 11%
blasts 4¢7
18a  Female 52  Subacute myc]ogenous 397000 Metamyelacytes 15% None
leukem myelocytes 07
blasts 10%
18b Female 52  Subacute myelogenou: 184000  Metamvelocytes 19% Myleran 2 mg/day
leukem myelocytes 13% for 4 days x ray
blasts 3% 50 r to spleen
19 Male 38 Subacute myelogunoui 81000  Metamyelocytes 20% Xray twice to
leuk myelocytes "0 spleen and three
blasts 10% times whole
body rrradiation
over 11, year
period Myleran
6 mg/day for 7
days then 4 mg/
day for 21 days
20 Male %2 Acute myelogenous 287000  Metamyelocytes 6 None
Teukemia myelocytes 8¢
blasts 65
21 Male 5 Acute stem cell leukemia 1850  Stem cells 207" None
22 Female 7 Acute stem cell leukerma 35000  Stem cells 80¢7 6 Mercaptopurine
40 me every 2
days for 4 days
23 Male 3 Acute stem cell leukemta  1.50  Stem cells 14 6 Mercaptopurine
7 mg every 2
days (last dose 2
days prior to
spectmen)
24 Mak 63 Chror;{lc lymphocytic 30000 Mature lymphocytes 95 None
Teukemia
25 Female 49  Chrome lymphocytic $300  Mature lymphocytes 337 None

4 / Introduction
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Therapy before

Case WBC Peripheral Specimen
No  Sex Age  Clinical Diagnosis Count Bload Picture Obtained
26 Male 70  Chronic lymphocytic 143000  Lymphocytes 957 most Xray 150 r to
leukemia mmature spleen for 2 days
tlast dose 2 days
prior to spect
men)
7 Femate 68  Chromc lymphocytic 28400  Mature lymphocytes 70% None
eukemia 1mmature 10%
28 Female 79  Chrome lymphocytic 57000  Mature lymphocytes 88 None
feukemra
29 Male 77 Chronic lymphocytic 239000 Lymphocytes 95 most None
leukemia 1mmature
30 Female 68  Subacute lymphocytic 25000  Mature Jymphocytes 64 None
Teukemia immature 13%
31a Male 16 Acute lymphocytic 520000 Immature iymphocytes 98¢ None
leukemia
316 Male 16 Acute lymphocytic 13700  Immature lymphocytes 73¢ Purninethol 125
leukemia mg/day for 4
days
32 Male —  Acute lymphocytic 170 000 —_— None
Teukerma
33 Female 63 Acute lymphocytic 25000  Mature lymphocytes 122 None
leukemia immature 80
342 Male 40 Acute monocytic leukermia 13 500 Blasts 83% many with None
Auer bodies
34b  Male 40 Acute monocytic leukemia 18200 Blasts 50% None
35a  Female 53  Acutemonocyhc levkemia 6100  Blasts 47% None
356 Female 53  Acute monocytic leuherma 64000  Blasts 30% Blood transfusions
35¢  Female 53  Acute monocytic leukemia 63 400 _— 6 Mercaptopurine
35 Female 33 Acute monocytic leukemia 57 600 — me/day for
35¢  Female 53 Acute monocytic 3 days then 50
leukemia 120 000 _ mg every two
days for 2 weeks
(tll expiration)
36 Female 81  Multiple myeloma — Normoeytie normochromie  None

anemia

circumstance combined with the fact that it has strong affimty for some
parts of the tissue and scarcely any at all for others produces a wide
range of densities Fortunately the density patterns 1 electron micro
graphs after osmium tetroxide fixation so closely parallel those of ord
nary black and white ight micrographs that Iittle interpretative difficulty
1s encountered But the chromatic staining so useful n Iight microscopy
cannot be transferred to electron microscopy with profit The varnous
dyes have much the same chemcal elements i their make up and hence
simtlar atomic masses They would therefore not be distinguishable from
one another i an electron micrograph Osmium tetroxide n effect
stains as 1t fixes and the result 15 essentially immutable But the wide
range of resultant denstties and the hgher resolution of the electron mi
croscope more than counterbalance any lLimutation set by the present
lack of selective staiming

It 15 notable that most of the cells in the illustrations are oval rather
than round in their outlnes In the low power fields contaimng many
cells their long axes are 1w general onented m the same direction
This 1s due to an unavordable compression of the section duning cutting
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Relationship of the plane of a thin section through a cell to the appearance of an electron mu ro h
that section In the center 15 a typical cell contammng a nucleus (n) nucleolus (nu) mnochondrg::ap( of
er) and granules (g) Each of the figures 1n the four corners numbered | mm,),
of the center cell which passed through
1t n the position of the arrow The thickness of the arrow 1s drawn roughlv to scale representing sect e
Jative to cell size Note the great difference mn general appearanc 0 the four resultant secuo‘:s"
tures contained m the thickness of the section are depicted in the final

endoplasmic reticulum (
sltustrates the appearance of an electron micrograph of a section

thickness re
This occurs because only the struc

mucrograph
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Its effect 1s not damaging and may be 1gnored except where size meas
urements are of critical importance The long axis of the cell not hav
ing been subjected to compression 15 the proper direction for taking
measurements

GENERAL PROCEDURE

Visual inspection of preparations mn the mucroscope itself 15 adequate
for summary jud; of sp quality and sel of p y
interesting fields But serious study of the specimens as visually observed
n the mrcroscope itself 15 himited by 2 number of significant factors
The softening effect of the screen the dimness of the image at higher
maguificatians and the known presence of details 1a the wmage too smail
to be seen by the operator s eye all require that a permanent record be
made for exarmination under more favorable conditions Therefore any
fields which appear to be worthy of closer examinaton are photo-
graphed The plates are developed immediately and viewed for quality
all factory neg: are pnnted enlarged four diam
eters These file pnints are the matenal that ts subjected to serous
analysts and study From ttme to time each category of file prints 1s
pp d by new hed out from fresh preparations
of the same specimens to determune the validity and frequency of struc
tural charactenstics revealed in the ongal set Funally representatve
fields from each dosster of file pnnts are chosen for quality varety
and general value These are worked up to serve as pubhshed illus
trations
In the course of this investigation more than 4000 separate negatives
were obtatned Although economy 1n choice of fields for publication 1s
commendable the use of a fairly large number of illustrations 15 desir
able for a number of reasons The larger the number of illustrations
the closer the reader approaches to the conditions under which the
ongnal study and analysis were made that 1s to the study of file prints
The characteristics of electron mucroscopie preparations cuted abave
are such that they encourage if not force a statistical approach to mter
pretation For example the size and shape of nuclet become evident
only if a faily represcmanvc number of cells has been observed
Fur there 1s de vanation in the general
appearance of specimens obtamed from the same source and prepared
by the same method even though no technical flaws are present A
variety of illustrations should help the reader appreciate such variations
So much new detail 15 revealed by electron micrographs that 1t 1s fre
quently impractical to descnibe and call attention to all points of saterest

n a single micrograph stnce overlengthy text and crowded labeling
would result

The text 1s pnmanly d p Inter has been d
almost entirely to 1dentification of cell types and readily recognizable
structures The termmnology has been kept as simple as possible with
preference for basic science terms 1 general use Wherever synonynious
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terms are widely used both have been cited i the short fext preceding
the section One has been chosen arbitrarily and used 1n the facing page
descriptions  Reference to previously published work has been re
stricted to the introductory text preveding each section, with the refer
ences cited at the end of that text It has been cut to a mmmum with
crtation of only the most significant contrbutrons

In keeping with its primary significance, the section on normal blood
15 the Jargest one 1t 1s followed by descriptions of the granulocytic and
myeloblastic leukemias Both these sections are quite extensive because
of the wide vartety of cell types represented Together they cover the
develop of the locytic sertes from 1ts forerunner the myelo
blast to mature granulocytes The stem cell leukemuas are next consid
ered In untreated cases the stem cells cannot be distinguished from the
myelob). of a myelobl. leuk Considerabl, has
been paid in this section to the development during treatment of a case
of stem cell leukemia of an unknown and apparently mature cell type
which probably arose as a result of the therapy Lymphocytic leukemia,
although clinically one of the most common types is covered 1 a short
section This 1s because only the Iymphocync senes of development 15

d and the from lymph to lymphocyte pre

senls very few visible changes i electron microscopy The section on
monoblastic leukemia describes this developmental series with special
attentron paid to Auer bodies and the fibrillar formation often seen m
these cells A section on plasma cells has been ncluded because these
cells are present m normal blood (aithough rarely) and are common
n eosinophilia A few occur mn certam of the leukemias In multiple
myeloma they may be so numerous 1n penpheral blood that this condt
tion 15 then called a plasma cell leukemia The book closes with a very
brief section on members of the erythrocytic sertes that are occaston
allv present m the leukemas studied to avord confuston with cells of
the leukocytic sernes

A number of hght micrographs of Wright stamed pertpheral blood
smears of both normal and leukemic human blood have been included
1 addition to the electron mucrographs These are all shown at the
top of the left hand page for comparson with electron micrographs
on the right hand page All illustrations on right hand pages are electron
micrographs
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NORMAL BLOOD

Ths section presents the normal electron morphology of human leuko
cytes and platelets The micrographs were chosen to cover the subject in
as concise and comprehensive a manner as possible They are system
atically arranged so as to present to the reader a progresstvely more
detailed concept of cellular ultrastructure A group of mixed fields
containg different cell types 1s followed by a more thorough descrip
uon of each The section closes with an account of the general electron
cytology of lenkocytes

The ttlustrations 1n the first group (General Frelds) were chosen for
their variety These should mtroduce the reader to the obvious differ
ences between the vanous cell types and establish a general famihanty
with each The structural features of each cell type are dealt with only
briefly a more detailed analysis being presented m subsequent pages to
which reference may be made for greater detail

Electron microscopte studies of normal blood cells have been made
by Bernhard et al [1 2] Bessis [3 4] De Robertss [6] Dt Mayorca
etal [13) Grey and Biesele [8] Kautz and De Marsh [10 11] Miller
[14] and others [24 25 26] In general the results of this study so
closely parallel the findings of these authors that it would be super
fluous to cite direct compansons m each case However a few contro
versial points of interpretation have arssen Wherever these have oc
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curred specific reference has been made to other publtcations 1n the fol
lowing text

The neutropluls are the first cell type considered They present 2
coherent and easily recognizable cell type The specific granules the
polymorphous nucleus and the clearly differentrated nucleoplasm in
charactenistic patterns readily identify these cells Only n occasional
ambiguous cases could their identity be confuscd with any of the other
leukocytes

‘The next section describes eosinophils The ultrastructure of the spe
cific granules charactenizes this cell type However 1t 1s entirely pos
sible that some cells of normal human blood now routinely identified 1n
electron mucroscopy as eosmnophils may n fact be basophils A clear
distinction between eosinophils and basophils cannot be made at the
present tme This 1s because positively identified basophuls are not
found 1n blood prepared by this technique Tt 1s possible that deceptive
sumlarity in the ultrastructure of the granules of these two types of
cells may be responsible for this Since the question 1s unsolved the
following discusston seems to be mented

Eosinophilic granules are generally understood to possess a character
sstic mternal ultrastructure [8 14 19 30} examples of which are itlus
trated on pages 61 and 63 Durnng our work cells contawing this
type of granule were interpreted to be eostnophils Basophils on the
other hand are understood to possess granules that are homogeneous
[8 19 30] Therefore search was made i our preparations for granu
locytes with large dense homogeneous granules Since basophils con
stitute only ¥/ to 1 per cent of the total leukocyte count 1t was expected
that this search would be difficult But cells answering this descriptron
were not discovered n the examination of a Iarge number of specimens
during the course of which more than 4000 electron micrographs of
different cell types were taken All these specimens should have con
tained normal basophils Special cases were therefore exammed Normal
blood from two 1ndividuals one having a 6 per cent basophil count and
the other a 3 to 4 per cent basophil count were examned The blood
of a hosprtal patient with a 40 per cent eostnophil and 4 per cent baso
phil count was also examuned The results were negative in all cases
although eosmophils were readily recogntzable in all of them In the
11st case at least 200 cells with internal ultrastructure 1n their granules
were observed and these were interpreted to be eastnophils

Unfortunate operation of statistical probability cannot be entirely
ruled out as the cause of the megative results but the extensiveness of
the search renders this extremely improbable The possibility that the
granules of human basophils may possess an ultrastructure should be
considered All the electron microscopic studies on t mlic granules
have been made on expenmental amimals and ultrastructure in these
granules has been reported by at least onc worker [22] Human baso
phils with homogeneous granules have not to our knowledge been re
ported The developing cells of the human leukemias unfortunately offer
no solution The later developmental stages the myelocytes and meta




myelocytes have granules of the cosmophilic type with internal ultra
structure But the earler forms the p locytes and some !
have structureless granules of the basophilic type There 1s strong
suggestion of loping internal in the later forms as
reported by Pease [22] It s possible that all the cells 1n our prepara
tions are members of the eosmophilic sertes the earler forms possess
mg granules that are still homogeneous However 1f human basophils
actually possess granules containing ultrastructure sumlar to that of
eosinophihic granules both types of cell may be represented

Selective destruction of basophilic forms by the techmque 15 a posst
bility that also must be considered However fragmentation dunng
centrifugation cannot account for their absence since basophils have
been idenufied mn Wright stained smears taken from the centnfuged
buffy coat immedtately before fivauon Good preservation of basophils
and mast cells 1t animal tissues p d by the same tech of
fixation dehydration and embedding make it unbkely that selective
destruction has occurred dunng these processes No fragments of
damaged cells have ever been observed m our preparations The weight
of evidence favors the behef that basophilic granules possess an ultra
structure deceptively similar to that of eosinophilic granules

In view of these circumstances no attempt has been made to 1llus
trate basophils The section of eosinophils sllustrates cells chosen for
the classic features of this cell type However one structural feature
the elements called basophilic bodies ments special notice These bodres

were so m a case of h (Case 12) that they were
noticed 1n Wrnight stamed smears under the Light microscope Therr
1dentity and p 1 were confirmed by electron exami

nation They are present mn normal eosinophuls and have been ob
served by others although interpreted by one investigator to be the
granules of basophils [13]

The sections on lymphecytes and monocytes both describe and com
pare these cell types The distnction between them 1s perhaps not so
difficult 1n electron py as n light py The lymph
have large hondrta sparse endop!. and dff
ated nucleoplasm whose two densmes Iight and dark tend to be pat
ternless rather than systematically localized as m other cell types The

ytes have small hondria which are mostly circu
lar very numerous small round or oval pmﬁles of endoplasmxc reticy
lum g fly speckled P and

whose dark component tends to form an rregular band msxde the
nuclear membrane However a clear distinction between a monocyte
and a lymphocyte cannot always be made An example of this 1s pre
sented on page 87

Blood platelets are readily recogmzed tn these preparations and are
tllustrated on pages 8% to 101 In general they conform to Iight micro
scope descniptions except that unusually large ones (pages 89 101)
are surpnsimgly common These have been described in Iight MICroscopy
as grant platelets but have recerved very little attention In general the
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electron py of blood platelets suggests that they are cyto

plasmic frag g granules 1a, and

hand ‘

other elements might be expected to be present 1n any random prece
of cytoplasm of comparable size The chromomere and hyalomere of
Iight microscopy are readily recogmzed The plasma membrane 1s
quite dense but the density of the other components seems to vary
greatly in specimens that appear to be well fixed

A section on general electron cytology as it appears in blood cells

has been

Agranulocytes d ate most of the ilfustrated

structures to best advantage Defintive studies on the electron micros
copy of these fundamental cellular structures have been made as fol
lows mutochondria {12 1S 16 18, 27] nuclear pores [7 21, 29)
endoplasmic retrculum {18 19 20 23 31] Golgi zone [5 9] Palade
granules [17] In general the electron cytology of blood presents no
very special features 1n companson with other tissue cells except for
the specific granules which are described in detail under their particu
lar cell types
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NORMAL BLOOD MICROGRAPHS



GENERAL FIELDS

{Case If} 11000 X
Neutrophils (N) red blood cells (R) eosmophul (E) and bymphocyte
(L) The chief distingushing features of the neutrophil are the small
moderately dense speaific granules and the polymorphous nucleus more
than one lobe of which usually appears in the plane of section Eosinophils
can be idenufied because of the many large specific granules which
have a distinct internal ultrastructure  Lymphocytes have cytoplasm
that 1s fargely clear with only a small amount of endoplasmic reticulum
large round or rod shaped mitochondnia and a nuclear density pattern
that 1s charactenstic of this cell type Detailed cntena for identification
of cell types may be found in the sections following on neutrophiis
eosimophils and lymphocytes
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GENERAL FIELDS

{Case If) 8000 X
Neutropiuls (N) and o eosinophils (L) The polymorphous nuclet
of the neutrophils often show several separate lobes because the thin
connecting strands are usually not included 1n the plane of section The
specific neutrophilic granules (ng) 1in the cytoplasm are conspicuous
The ecosinophilic granules (eg) are clearly drstingmshable from the
neutrophilic ones They are large and possess an internal ultrastructure
of therr own (pages 61 and 63) In the sectioned preparations of elec
tron microscopy certain basophilic bodies (bb) are consprcuous i
normal eosinophils These are of untform density without discrete n
ternal uvltrastructure  They probably correspond to certam basophilic
1 d 1n hght pY
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GENERAL FIELDS

{Case If) 14000 X
N phuls and one eosinopil (E) Two distinct densities one light
and the other dark are evident in the nucler of the neutrophils The
darker of the two is located peripherally consututing a thick band
subjacent to the nuclear membrane The central area of the nuclear
lobe 1s occupied chiefly by the lighter density but occastonally the
darker nucleoplasm (nd) mvagmates 1t There 1s also an occasional
extension of the Dhighter density (al} toward the nuclear membrane
In general these densities correspond to the chromatin pattern char
acteristic of these nucler m light mucroscopy Note that the eostnophilic
nucleus has a simlar density pattern

The small evaginations of the plasma membrane (pm) are very
common 1n these preparations and may occur in any type of cell The
structure at 7 1s a blood platclet (pages 88 to 101)
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GENERAL FIELDS

(Case 1) 14000 X
Neutrophuls and one plil (E) Two distinct denstties one light
and the other dark are evident in the nucler of the neutrophils The
darker of the two Is located pertpherally comstituting a thick band
subjacent to the nuulear membrane The central area of the nuclear
lobe 1s occupied chiefly by the hghter density but ovcasionally the
darker nucleoplasm (nd) mvagmates it There 1s also an occastonal
extension of the lighter density (nl) toward the nuclear membrane
In general these denstties correspond to the chromaun pattern char
acteristic of these nucler in light microscopy Note that the eostnophilic
nucleus has a stmulr density pattern

The small evaginations of the plasma membrane (pm) are very
common 1n these preparations and may occur mt any type of cell The
structure at T 1s a blood platelet (pages 88 to 101)
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GENERAL FIELDS

(Case If) 1 000X
Muxed field Aun eosinophil (E) and a lymphocyte (L) occups the
upper part of thus field The remamnder of the leukocytes are typreal
neutrophtls A small group of blood platelets may be seen in the lower
Ieft hand cormer (T)

The denstty pattern m the nucler of the neutrophils is typical It
may be compared to the pattern wn the nucleus of the eosmophil (£)
which 1s much the same In general the eosmophds have more of the
denser component of the nucleoplasm n the center of the nuclear lobes
than the neutrophis But the density patterns (n the two resemble each
other so closely that thev are not useful as a distinguishing characteristic

The lymphocyte (L) has ClePhSm that 15 clear relatwve to that of
the gi locytes The dna (m) in this partecular cell are
somcwha( smaller than usual The nuclear density 1s typical There 15
not a clear pattermzation of two densities as there 1s i the nucler of
neutrophils and eosinophils
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GENERAL FIELDS

{Case 1) 11 000X
Three different kinds of lenhocytes with decepinely stmilar general
appearance Neutrophils are at N lymphocytes at L and monocytes
at M

The neutrophils may be identified chiefly by the presence of the
small medium dense specific granules and m fortuitous cases by the
pattern of nuclear densities The lymphocytes have large mitochondna
{m) many of which are rod shaped The nucleoplasm does not usvaily
form an orgamized pattern of dark and light components as m neutro
phils eosinophils and monocytes (pages 45 57 79) The monocytes
(M) possess small round mitochondria (/) although rod shaped ones
are sometimes observed The nucleoplasm clearly shows two denstnes
the darker of the two being subjacent to the nuclear membrane This
pattern resembles that of neutrophils but the dense component 1s rela
trvely thinner 1n the monocytes A further aid to the identification of
monocyles Is the relative it of it I (er) as

d to that of lymphocy and neutrophils This reticulum ap

pears as clear round or oval vacuoles scattered through the cytoplasm

The cniteria for identification of these cell types are described 1 more
detail el {under N ph Lymp and M ytes )




- - . — ———T ~ %
B IV P e PPN i LY o L :.?.. e, W e
LT (.\.\ A LT S “ s, e \ Q Ao 3 9
- s iy e . £ <

S e el o 1) MLL LR \ONU&_\N\._..* -~ 8 * Aﬂwnﬂ.\.ft.\.

) LN e C « e e DA 2
T e o S T O s
¢ TN v T (ot X nnse -
.rn o, v 2y ¢ Lyt M .LrV Lora v “ - a\,&cnuﬂm.:v/ﬂ“»..w“v MLQ
MY ¢ B, o~ : ;..!z:x. oo e A4
~ T @ ,rfk.vﬁu t et - ' ...ﬂw o «\*.C‘ k3 ti ( ffpran e !
Py TUA 2T Ve e, .\.._;fuaww\.aﬁ» LR ;u» o
13 N 22 g7 NI:,‘ RSN Vs P ..AL ~&2 ‘
{ Lo 7 ' ‘.ﬁl.;ﬂ.cy oo ~t el
T R VA DA TR TR ‘
- - oy Y IS
[ oeey Ny el L T - I
I R L o - o0} PR ] uwmm ..:v.:W\
) Fodle L ~on \\A..,\bn\ Y e «
./: N e L7 A o PR, 4 v L ueQ o
. el 5 . S n.\«»:\\afﬁ .'AL. Fa -l T A
LR PP e e e el T o o T
e (i g r.J o ;K\" - - el 7 9 —~ Y .
o e N T T o Y, - r of =Rl e K e .
e PR S - AN R AT e u
" M . A - i) T T P O
eu..GML»fu,.n&xhb 2 T Y T
\l. "l Vs -3 «t.«a e S vt AJ\&\” Y
. YL N e 5] &v., wnt, FASRS -
. sl e @(\A mnr.i . - e T N
e S . ' .:C i» - t.ﬁ.vmféuh 5
G a&\n.u.u.u-_)... r\ .kaja,m“c RV i ﬁ.
B S TV b S I e 1A e
Y

. by > s .

=V uw.n‘i ..ﬁr/b.rﬁ _,,,:,5 2 gt
:
-

Normal Blood / 27



GENERAL FIELDS

(Case If) 21 000X
E. phil (E) and plil (N) The philic granules (eg)
are clearly evident and there are five evident bisophilic bodies (bb)
These are typical of therr hind with 2 structureless matrix of medium
density surrounded by an irregularly deckied margin of distmetly higher
density {pages 61 and 63)

The neutrophihe granules (ng) show no unusual fertures In neutro
phuls there 1s often an area of cytoplasm frec of specific granules 1m
medrately surrounding the nucleus Jt 1s evident in this cell especially
around the lower fobe of the nuclus But farly sizable areas of the
cytoplasm elsewhere may be free of specific granules

Note the close similanity of nucleoplasmic density and paltem n
these two cells N phils and hils cannot be d
from each other on the basis of ths {cature of their ultrastructure
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GENERAL FIELDS

{Case If) 12000 X
Ee il (E) and phil (N) The p granules (eg)
show the two densities typical of therr internal uitrastructure There
are two basophilic bodies present (b6) The ncluston at ¢ has wrregular
contours and vamable internal densities which suggest a broken up
appearance It may be pared with the deg g granule at dg
Such structures while not numerous are observed in even the best
preserved cells A charactensstic area of endoplasmic reticulum 1s seen
ater

The neutrophil (N) 1 typical in all respects Note the variation in
the size of the specific granules which vanes from less than 02 u to
nearly 1 p The nuclear densittes in this cell are charactenstic The
endoplasmic reticulum s represented only by a few small 1solated
vacuoles (er)
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GENERAL FIELDS

(Case Ib) 21000X
Lymphoevte (L) and piul (N) The hondria (m) in the
Iymphocyte are typical of those of lymphocytes 1n general The round
and oval ones are 05 u in their largest measurement and the rod
shaped one s about 12 « long The Golgt zone (g0) 15 visible

The neutrophilic granules (#tg) are typcal 1 their distribution and
siz¢ Because the section 1s somewhat thinner than usual the dark
external membrane contrasts well with the homogeneous moderately
dense matrix
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GENERAL FIELDS

[Case i) 20000 X
Lymphocyte (L) portions of tho neutrophils (N) and monocyte (M)
The Tymphocyte ts typtcal contarung large mutochondria (m) which
are round or rod shaped Endoplasmic reticulum (er) 1s very sparse
The Golg1 zone (go) 1s visible The Iack of coherent pattermzation of
the two densities in the nucleoplasm 1s characteristic of Iymphocytes
The cytoplasm of the y an d: of small
round mitochrondria (m) and a typicaily well-developed syslem of
endoplasmtc The denser It of the leop 15
largely subjacent to the nuclear membrane a charactenstic of mono
cytes
The over all density of the monoevtic cytoplasm bears a superfictal
resemblance to that of the neutrophils
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GENERAL FIELDS

{Case If) 8000 X
Typical neutrophils and small portion of eosmophd (E) The small
neutrophslic granulations of medium density and vanable size and
shape Jargely fill the cytoplasm of the neutrophls In thus field both
nucler and granulations are typical and afford the chief means of rdent:
fying the ceils as neutrophils The erythrocytes (R) are typrcal
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NEUTROPHILS

(Case 1) 11000 X
Four npial neutrophils The thun sections of electron microscopy
usually include one or more lobes of the polymorphous nucleus Occa
sionally one of the thin strands connecting nuclear lobes 15 visible n the
section for a short distance (ns5) The specific granules (a1) are readily
recogmizable because of their small size and their densty which 1s
greater than that of the surrounding cytoplasm They are randomly dis
tributed except for a nasrow pennuclear band of relatvely clear

cytoplasm



s
LTS }';L
3
Qe
4
i
e
%
WA
o .“
\
L 3
y
o, 2
T'::": [N e N
Yy v\ AL ARG
B3 Tt 5 g
3 SR . o
5 P SRS O i L)
BATIN, 0T > e 13T
e el o L
R )-"\“’:J ot
.

Normal Bloo



NEUTROPHILS

1600 X
Light mucrograph of neutrophil Its polymorphous
nucleus may be compared with the nuclear lobes
i the electron micrograph on the facing page
Its granules seem to show some variation 1n size
a circumstance confirmed by the electron micro-

graph

{Case la} 25000X
Flectron micrograph of neutrophil The cell has been cut so that three
nuclear lobes appear in the section The two densities characterstic
of the nucleoplasm of neutrophils do not show so clearly n this cell
as in many others (pages 41 43 45) The neutrophilic granules (12)
which vary from the smallest recognizable spheres to ovals and rods
which may reach a length of about 05, are typical Neutrophils are
charactenstically poor m endoplasmic reticulum (er) which appetrs
as small circular profiles having a dark membrane and a Iight ap
parently empty center The two oval structures at m are mitochondria
which are normally found mn neutrophils
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NEUTROPHILS

[Case If) 22000 X
Neutropiul Two nuclear lobes are i the plane of section and one
includes a portion of the thin strand (#5) connecting adjacent lobes
The neutrophilic granules (s1g) are charactenstic i size and distnibu
tion Certamn of them show to advantage the dark membrane which

the h i ly dense matnx A few randomly
distnibuted  profiles of endoplasmic reticulum (er) are visible No
surely identified mitochondnia are present i the plane of section but
the oval structure at /n may be one




Camue o
- hoet
MMf - & .H.M.&« » wACy AT
. o~
1»\0... m,?. e %4 V_As.v\o‘h.w\l._.' N
W et Ve, ¢ 3
b, e - ~on B i
qﬂ BT o o% J/M.v%.rd .m
- .ﬂl}/ —. &5
?\.‘.ll e z
\ AP -:c.H :
: 5
=

-y
RIS AR " u;
v Cede e R ys\»a.‘
my \.\1\./% mk p-h». ..w N f&:« r:.w.
t E > 3§
b FA.L %= s Yol
g SAEAT T I,
L& R o
' PR .N\wh.‘..,b‘qwow
e e ﬂhha
R
. - ) f\»\;.n\k‘h.\.{
N o [ By 53 r,vOL
J--FV - N \Mﬂbvﬁ.hv
; R T
V@ & S B
ol Tk
t,.r\ M Qetr”
FISE o
e T4 e =
e
. \ A.\(« >
\A-:Clb‘



NEUTROPHILS

{Case If) 22 000X
Neutrophtl with protuberance The specific granules (ng) arc readily
recognizable some with an external dark membrane Among them arc
granules of the same size and shape contarming broken up matenal of
vanable density (dg) Such grar les may be degenerate but are found
even in the best preparations They are somewhat more numerous than
usital 1 this cell

The protuberance i the upper right portion of the cell 1s unusval
since neutrophils prepared by this technique are usually well rounded
Howeser 1t s f bly not an exp of pscudopodic 1ctvity s
1t contains 1ts full complement of granules unhkc developing pseudo
pods (Compare with cell on page 45 )




Normal Blood /43



NEUTROPHILS

{Case 1f] 21 000X
Newrrophil believed 10 be developing, a pseudopod i course of amebord
movement (in direction of large arron) Clear cytoplasm is mvolved
in 1ts development the specific grinules and other formed elements not
yet having flowed into

The nuclear lobes of this cell illustrate well the two typicil densities
of the nucleoplasm The denser of the two (nd) 1s subjacent to the
nuclerr membrane with the highter nucleoplasm (»7) occupying 2
more central position It 15 not unusunl for the dense component to
extend mto the central portion of the lobe or for the lighter com
ponent to extend toward the nuclear membrane (se¢ alse page 21)
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NEUTROPHILS

(Case 1b]j 24000 X
Neutrophil (N} and group of blood platelets (T} The granules of
blood platelets (1g) bear a close resemblance to the neutrophilic gran
vles (#g) Both are of medium density with a structurcless matnx
which 1s usually sur ded by a dark t A detarled description
of platelets will be found on pages 88 to 101

The neutrophil llustrated here presents no unusual features A small
amount of Golgt zone (go) 1s present and some mitochondria may be
dentified (1)
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NEUTROPHILS

Detail of neutrophilic granules

Upper {Case Ib) 656000 X
The neutrophilic granules are composed of a moderately dense struc
tureless matnix surrounded by a membrane of hugher density The struv
tuse having a double membrane () 1s probably a mitochondrion The
loop of plasma membrane extending from the surface of the cell (pm)

1s ch, 1stic of these prep (see page 21) The double mem
brane (nm) of the nucleus 1s charactenistic

Lower left (Case Ib) 66000 X
The granules shown here are typical Mitochondua are at m

Lower right (Case Ib) 66 000 X

In this field are pormal vanations n stze shape and density of the
granules The partially filled granule (dg) 1s representative of many
that seem to have a broken up matnix (for Mustrauons of others see
page 43) The vacuole with a clear center {er) 15 apparently a profile
of endoplasmic reticulum
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NEUTROPHILS

Detall in philic cytoplasm M hondria (m) and neutrophthc
granules (ng) are present n all micrographs

Upper left (Case 1a) 43000 X
A few profiles of endoplasmic reticulum (er) are evident by their hght
apparently empty centers There are a large number of granular struc
tures (g} which may correspond to the pucrosome fraction Com
pound vacuoles are present (1)

Upper right {Case la) 43000X
A number of granular struclures (g) arc difficult to idenufy as repre
senting either hondna or philic granules A portion of the
nucleus (n) 1s present

Lower left (Case [a} 43000X
There are some Palade granules (pg) present In the nucleus the dense
nuclear component (nd}) 1s close to the nuclear membrane (sn) which
shows doubling

Lower right {Case la) 43 000X
In the nucleoplasm the dense component (nd) 1s close to the nuclear

membrane A Golgi zone (go) 1s present
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EOSINOPHILS

1600 X
Eosinophil with  biobed nuclens A simlar
nucleus 1s represented by two separate lobes i
the thin section of the eosmophil 1n the electron
micrograph on the facing page Compare the
granules mn this light micrograph to those n the
electron micrograph

{Case f) 29000 X
Eosinoplul The specific granules (eg) show their dark inclusions to
good advantage No basophilic bodics are prsent in thes cell In cosino
phils there 1s usually a random distribution of profiles of endoplasmic
reticulum  wiich are usually circular or oval an outlne (er) but may
be elongtte Mitochondria normally present in mature cosinophils are
indicated at rr The density pattern 1n the two nuclear Jobes 1s typrcal






EOSINOPHILS

(Case If) 33000X
Lostophil The specific granules are conspicuous (e;) The man body
of the granule is of medium density and contams a darker inclusion the
shape of which vanes considerably This particular section shows one
typical basophilic body (bb) which consists of a homogeneous matrtx
surrounded by a dark margin These bodies are roughly circular 1a se¢
tion but usvally havc an lrrcgu]nﬂy deckied outhne Another type of
structure Iy seen in 1s ch: 1zed by finely gran
ular or irregularly broken contents {(dg) Detadl of these granular types
1s presented on pages 61 and 63
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EOSINOPHILS

{Case ) 33000X
Le hul The specific are p (eg) The mam body
of the granule 1s of medium density and contams a darker ncluston the
shape of which vanes considerably This particular section shows one
typical basophilic body (bb) which consists of a homogeneous matrix
surrounded by a dark margin These bodies are roughly circular 1n sec
tion but usually have an irregularly deckled outline Another type of
structure ly seen m P 1s char: by finely gran
ular or irregularly broken contents (dg) Detarl of these granular types
1s presented on pages 61 and 63
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EOSINOPHILS

{Case If) 29000 X
Typical eosimophl The specific granules are conspicuous (eg) and
two basophilic bodies are present (bb) The two nuclear lobes show a
charactenistic density pattern The darker nucleoplism 1s chiefly sub
Jacent to the nuclear membrane with the hghter fomponent more cen

trally located This pattern 1s very simular to the one charactenistic of
the nucler of phtls  There 1s ly more endopl.
reticulum (er) in the undifferentiated cytoplasm than 1 neutrophiby
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EOSINOPHILS

{Case If) 18 000 X
Lymphocvie (L) and plul (E) The lymphocyte 1s typical with
large mitochondnia and Golgr zone (go) The pattern of nuclear den
sity 1s charactenistic and a nucleolus (nu) 15 present

The granules (eg) of the eosinophil are typical A basophilic body
(bb) 1s present apparently cut nearly tangentrally There are two
mitochondria () and a moderate amount of endoplasmuc reticulum
(er) The density pattern of the nucleoplasm s charactenstic
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EOSINOPHILS

Eostnophilic granules

Upper feft {Case 1) 76000 X
The granule at eg1 is cut transversely with the dense component ap-
pearmg as a rod extending nearly to the margins of the gramule At
eg2 the granule 1s cut through its greatest diameter as 1s the dense
component which 1s roughly circular The remaimng three granules
are cut in varymng degrees of bias The ewidence ndicates that the
dense component 1s a disk of fairly umform thickness wihich may occupy
the greatest width of the granule The hghter component shows an
irregularly granular appearance at this level of magnificaion At dg
there 1s an nclusion with trregular internal density

Upper right (Case (] 73 000 X
The eosinophihc granule at eg has its dark component represented by
a number of haphazardiy arranged crystallods At bb there 1s a baso
philic body

Lower left {Case 1) 72000 X
The granule 1n the lower part of the field has sts dense component
represented as three separate rods The two smaller structures (eg) are
eosmophulic granules cut without involvement of the dense component
At bb there 1s a portion of a basophilic body cut nearly tangentially

Lower right (Case 13) 80000 X
The large granule (eg) in this field has its dense component present as
both a large rod nearly vertically alsned and several smaller crystal

lowds The other granules are tangentiilly sectioned A small portron of
the nucleus (77) 1s present with its double membrane
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EOSINOPHILS

Detarl 1n granular cytoplasm of eosinophtls

Upper feft {Case if} 38 000X
Basophili. bodies (bb) have a homogeneous matnx and a dense
margin which tends to be mregular Eostnophilic granules are at eg
There are four nmtochondria present (m) and some endoplasmic
reticulum (er)

Upper right (Case If) 38000 X
Two basophhic bodies (bb) are present Eosinophilic granules are evt
dent {eg) and there are two mitochondnia (m) A portion of the
nucleus (z2) 1s also wvisible

Lower {Case 1b) 47 000X
These costnophilic granufes present some unusual features The granule
at eg1 has dark p arranged ly to its greatest diam

eter which 1s unusually large measuring 19 « In eg2 there appears
to be a granular content independent of the dark component The
compleX structure 1n eg3 15 unidentified but 1s trye ultrastructure withtn
the granule Nuclear lobes () are mdicated
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LYMPHOCYTES

1600X
Lymplocyte with typrcal structural features The
relationship of its large nucleus to the sparse
cytoplasm may be compared to the etectron m
crograph on the facing page Note that the nu
cleoplasm 1 the electron mucrograph 1s of much
smoother density

(Case 1a) 24000 X
Lymphocyte The mutochondra (m) are large the oval ones measur
g about 021003 by 061007, The rod shaped ones are about
11 to 125« long There 1s some endoplasmuc reticulum (er) in the
cytoplasm but in lymphocytes in general 1t 15 sparse The undfferentt
ated cytoplasm 1s clear compared to the highly speckled cytoplasm of
monocytes The nucleoplasm has a faredy even density throughout Close
examination reveals an approach to the two distinct denstties character
sstic of the leopl. of phl hils and Y
But wherever this occars (in lymphocytes in general) s localization 1s
haphazard and does not conform to any constant pattern as does the
nucleopl of the above cells
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LYMPHOCYTES

- - 1600 X
Lymphocyte wuh 1ypreal structural features The
relonship of s large nucleus to the sparse
cytoplasm may be compared to the electron m
crograph on the facing page Note that the nu
cleoplasm 1n the electron micrograph 1s of much
smoother density

(Case 1a) 24000X
Lymphocyte The mitochondria (m) are large the oval ones measur
mg about 02 t0 03 by 06 to 07 » The rod shaped ones are about
11 to 125y long There 1s some endoplasmic retrculum (er) i the
cytoplasm but i lymphocytes m general 1t 1s sparse The undifferentt
ated cytoplasm 1s clear compared to the highly speckled cytoplasm of
monoc}tes The nucleoplasm has a fairly even density throughout Close

reveals an app h to the two distinct densittes character
istic of the nucleoplasm of neutrophils eosmophils and monocytes
But wherever this occurs (in lymphocytes mn general) 1ts localization 15
haphnzard and does not conform to any constant pattern as does the
nucleoplasm of the above mentioned cells
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LYMPHOCYTES

(Case 1a) 29 000 X
Lymphocyte The mtochondria (/) wisible m the sectton are lo
cated at one pole of the cell near to the Golgt zone (go} There 15 a
small amount of Jopl 1 (er) and d Palade
granules (pg) are present The nucleoplasm is of faurly even density
except for the nucleolus (m) A compound vacuole (cv) in the cyto
plasm 1s described 1n detarl elsewhere (page 116)
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LYMPHOCYTES

{Case Ia} 28 000X
Lymphocite The dria (m) are hat more than
usual but are of normal size (see page 65) Elsewhere in the cyto
plasm are profiles of endoplasmic reticulum (er) scattered groups of
Palade granules (pg) a large compound vacuole (1) and three un
dentified granules (g) which are described 1n greater detail elsewhere
(page 120) The nucleus possesses considerable varation m density
but this 1s typically patternless A nucleolus () 1s vistble and
doubling of the nuclear membrane () 1s also evident
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LYMPHOCYTES

{Case 1a) 29 000 X
Lymphocyte The nutochondnia (n) are of typical size and shape The
crrcutar and oval ones measure from 02 to 045 x mn diameter and
the rod shaped one is about 12 ; long Most of the endoplasmic re
ticulum (er) 1s located at the opposite end of the cell There 1s some

of two separ m the leoplasm but a Jack of
patternization 1s evident




e

AT
\

e

Ay

Normal Blood / 71



LYMPHOCYTES

{Case la} 29 000X
Lymphocyte The mitochondna (m) conform to the measurements
typical of th se cells There are the usual sparse profiles of endoplasmic
T lum (er) 1 the cytoplasm The unusual granule
(g) represents a type only occasionally seen and 1s considered i more
detail elsewhere (page 122) The nucleoplasm 1s in general of even
density but an approach to the two densites characterstic of other
cells can be detected However these shght density differences are
without a coherent pattern A nucleolus 1s present (nu) but it 1s quute
diffuse and contrasts with the surrounding nucleoplasm somewhat less
than usuai
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LYMPHOCYTES

Lymphocytes Mitochondria () and endoplasmic reticutum (er) are
present 1n both micrographs

Upper (Case la) 12000 X
In the cytoplasm there are granules (g) which are not nfrequent
lymphocytes and are described in more detail elsewhere (page 123)
The nucleoplasm shows a umform general density throughout The
irregular contour 1s not unusual m these preparations but m this cell
contrasts with the unusually symmetncal shape of the nucleus

Lower (Case la)} 12 000 X
The nucleus shows some tendency to varations in density but this 1s
charactenstically patternless There are portions of blood platelets (7)
i the field
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LYMPHOCYTES

Lymphocytes Mitochondria () and endoplasmic reticulum (er) are
present 1n both micrographs

Upper [Case la) 12000 X

In the cytoplasm there are granules (g) which are not nfrequent 1n

lymphocytes and are described 1n more detail elsewhere (page 123)

The nucleoplasm shows a unmiform general density throughout The

trregular contour 1s not unusual 1n these preparations but mn this cell
with the Ily 1cal shape of the nucleus

Lower {Case la) 12 000X
The nucleus shows some tendency to vanations in density but this 1s
charactensticaily patternless There are portions of blood platelets (7)
m the field
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LYMPHOCYTES

{Case Ib) 21 000X
Iymplhocyte (L) and blood platelets (T) Attention 1s called to the
close resemblance between the appearance of the undiffercntiated cyto
plasm (#c) of the lymphocyte and the hyalomere (/y) of the platelets
The plhitelets are of typical appearance with granules (g) vacuoles
(v) and mitochondrin (m) Phtelets are described yn more detail on
pages 88 to 101
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MONOCYTES

1600 X
Monocyte showing relationship between nucleus
and abundant cytoplasrn  This situation 15 well
matched in the electron mucrograph on the facing
page However the nucleoplasmic densities differ
somewhat and may be compared with those of the
lymphocyte on page 64

{Case 1f) 27000X
Monocyte The mitochondna (m) are small the circular and oval ones
having diameters ranging from 015 to 04 . with the average falling
at about 02 x (as compared to circular and oval mitochondria m
Iymphocytes which vary from 02 to 07 . with an average at about
045 ) There are abundant profiles of endoplasmc reticulum (er) dis
tributed throughout the cytoplasm The Golgi zone (g0) 1s visible The
cytoplasm 1n general 1s dark and has a speckled appearance as com
pared with the cytoplasm of the lymphocyte which s redatively clear
The nucleoplasm varies 1n density and 1s pattermzed The denser
nuclepplasm forms a defimite although iregular band (nd) subjacent
to the nuclear membrane and s haphazardly muxed with the lighter
nucleoplasm (nl) 1n the central part of the nucleus
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MONOCYTES

(Case 4) 26000 X
Monocyre The mitochondra (m) are typically small the circular and
oval ones measuring 0 15 to 04 ; The rod shaped ones do not exceed
08, nlength The profiles of endoplasmic reticulum (er) are typically
abundant They contribute much to the generally speckled appearance
of the cytoplasm as compared with that of the lymphocyte in whtch
the endoplasmic reticulum 1s scant The Golgr zone (go) 1s visible
The nucleoplasm has two distinct denstties with the denser portion
(nd) near the nuclear membrane and the hghter component (#/) more
centrally located
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MONOCYTES

{Case 4) 26000 X

Monocyvte The mitochondnit (m) are typically small the circular and
ovat ones measuring 0 15 t0 04 ;. The rod shaped ones do nat exceed
0 8 p1n length The profiles of endoplasmic retrculum (er) are typically
abundant They contribute much to the gemeslly speckled appearance
of the cytoplasm as compared with thit of the lymphocyte m which
the endoplasmic reticulum 1 scant The Golgr zone (go) 15 visible
The nucleoplasm has two distinct denstties with the denser portion
{nd) near the nuclear membrane and the lighter component (nl}) more

centrally Tocated
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MONOCYTES

{Case la) 24 000X
Monocyvte with tvpical structural detar! The mitochondna (m) are of
normal size for a monocyte {pages 79 and 81) and the rod shaped
ones do not exceed 0 75 » n length There are many profiles of endo
plasmic reticulum (er) and the over all appearance of the cytoplasm
15 characteristically speckled The nucleoplasm tends to have ats denses
component (nd) along the nuclear membrane with a hghter central
area (nl) A nucleolus (nmu) 1s present In many areas the nuclear
membrane (nm) s clearly double The fine external extensions of
plasma membrane (pm) are probably analogous to those described
elsewhere (pages 20 and 48)
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MONOCYTES

[Case 1f} 24000 X
Monocyte  Although there are fewer mutochondra (m) than usual,
they are typrcally small Profiles of endoplasmic renculum (er) arc
common The nucleoplism shows 1ts dunser component (nd) very
clearly and 1t charactersstically forms a dark band subjacent to the
nuclear membrane A portion of a neutrophil (¥) 1s at the left In 1ts
nucleus the similar but more evident pattern of nuclear densities may be
compared with those of the monocyte
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MONOCYTES (?)

{Case 4) 44 000X
Unidennfied agramdocyte This cell was purposely chosen to illustrate
the ambiguity that may anse in trying to distingmsh monocytes from
lymphocytes The cntenia useful in distinguishing these two cell types
from each other (see pages 64 to 77 for lymphocytes and pases 78 to
85 for monocytes) may be applied to this cell as follows

The mtochondria (m) measure from 02 to 05 . but ths size
range might fit either cell type and they are not numerous enough to
draw an average The endoplasmic reticulum (er) 15 somewhat more
copious than m lvmphocytes but 1s localized chiefly in two areas and
is not randomly distnibuted as 1s usually the case mn monocytes The
undtfferentiated cytoplasm has many Palade granules (pg) and 1s darker
than 1n most lymphocytes but not as speckled as i typical monocytes
The nucleus (n) shows two denstties dark (#1d) and hght (nl) with
4 tendency for the dark teop! 1o be close to the nuclear mem
brane But the pattern does not conform well to that usually found
n etther Iymphocytes or monocytes

Occastonally agranulocytes such as this one are encountered and
positive identification 1s not possible But most agranulocytes seen tn
these prep can be 1dentified as erther lymphocytes or monocytes
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BLOOD PLATELETS

[Case Ib) 12 000X
Irregular outlines of platelets prepared by this techmque Most of the
platelets measure between 0 75 and 2 25 p in drameter However con
sprcuously larger ones (T1 T2) are routinely observed m normal blood
samples The two tlustrated here measure 2 5 by 4 u (T1) and 2 by 3 »
(T2) Two red blood cells are at R
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BLOOD PLATELETS

(Case If) 22000X

Chromomere and hyalomere of blood platelets The darker chromomere
(ch) wsually centrally located and the lighter hyalomese (/13) whech
s periphernl conform to the pattern well recognized 1n light microscopy
The granules (g) of the chromomere are dark and of fairly uniform size
their drameters ranging from 015 to 03 4 Note that the undifferentt
ated protoplasm of the chromomere 15 darker than that of the hyalo
mere The plasma membrane (pm) of platelets is usually well defined

and quite dense
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BLOOD PLATELETS

{Case 1b) 31000X
Granules and \acuoles of blood platelets The granules (g) m the
chromomeres present no unusual features There are numerous vacu
o]es {v) in the protoplasm and these are a conspicuous feature of

1 d by ths They probably correspond to the
commcnle vacuoles demonstrated 1n light microscope studres  Although
mtochondria are present in blood platelets they only rarely show thesr
internal structure to good advantage (see page 99) Thewr usual ap
pearance 1n these preparations 1s illustrated at yn They are often of the
same size and shape as the granules
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BLOOD PLATELETS

[Case Ib} 23000X
Dense plasma membrane (pm) of platelets This 1s a charactensitic
feature of platelets prepared by this techmque The granules (g) of the

chromomeres (ch) and the relatively structureless hyalomere (i) are
readily dentified Note m this and the preceding and following illus
tratrons of platelets that the usual concept of a centrally located chromo
mere surrounded by a penpherally located hyalomere 1s not always
borne out The chromomere often extends to the surface (¢/n1) and
sometimes occuptes practically the entire section of the platelet (ch2)
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BLOOD PLATELETS

(Case Ib) 23000 X
Dense plasma membrane (pm) of platelets This 1s a charactenstic
feature of platelets prepared by ths techmque The granules (g) of the
chromomeres (c/h) and the relatively structureless hyalomere (/v) are
readily identified Note m this and the preceding and following illus
trations of platelets that the usul concept of a centrally located chromo
mere surrounded by a penpherally located hyalomere 1s not always
borne out The chromomere often extends to the surface (c/h1) and
sometimes occupies practically the entire section of the platelet (chz)







BLOOD PLATELETS

(Case b} 23000 X
Hhalomere of blood platelets There 1s somewhat more of the hght
hyalomere (/) present than 1n most fields Wherever the chromomere
(ch) and its constituents are present it does not have much greater
density an this partrcular micrograph than the hyalomere Thrs gives
the entire field a narrower range of denstties than usual The granules
{g) where present are quite light This low-contrast appearance s not
unusual



Normal Blood / 939



BLOOD PLATELETS

(Case Ib) 23 000X
Mutochondria of blood platelets An unusually large number of mito
chondna (m) are present As 1s charactenistic of mtochondnia in plate
lets these have poorly defined structural features There are a few
granules (g) most of which have a low density that hardly contrasts
with the surrounding matnx of the chromomere Some contractle
vacuoles (v) are present
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BLOOD PLATELETS

{Case If} 30000 X
Grant plateler Thes platelet 1s somewhat larger than usual measuring
about 5 by 6 u in over all drameter The chromomere (ck) largely
filled with dark granules (g) forms a well circumscribed oval about
27by 33 4 The dense granules are very variable in therr size measur
mg up to 025 u but much of this may be due to the fact that the
section seldom passes through their exact center There are numerous
vacuoles (v} 1n both the chromomere and the hyalomere (/) Some
recogmzable mutochondria (m) are present but these i plateicts
are seldom so clearly defined as i hiving cells
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GENERAL CYTOLOGY

Mutochondnia of leuhocytes The fields here presented are from lym
phocytes

Upper {Case la} 64 000X
The double membrane orgamzation of mutochondria (m) 1s evident
i this micrograph  Both the external membrane (em) and the cristae
mitochondniales (cm) are visualized as two dark lmes bordering a
clear p The und:ff d matrix of the mutochondna vares
from hght to moderately dense and contains ocastonal dense granules
(see lower left below) A portion of a nucleus (1) 1s present and
Palade granules (pg) are randomly scattered throughout the cytoplasm

Lower left {Case I} 66000 X
The cristag mitochondeiales (¢m) are denived as mfoldmgs of the inner
member of the external membrane (em) Dense granules (g) are often
seen in the matrix of the mitochondria Branchings of the cristae are
oftent observed usually i the form of a Y (bcm)

Lower right (Case la) 120000 X
A branched crista (bcmy 1s flustrated 11 the mutochondrion on the
night In the mitochondrion on the left there 1s an unusually complex
branching of a cnsta in which four (or five) components may be
counted At g there 35 a granule in the matnx of the usual size and
density Elsewhere in the matrix of this mmtochondrion there are smaller
densc granules At em a cnsta s denved from the internal member
of the external double membrane
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GENERAL CYTOLOGY

Mitochondrial structure

Upper {Case la} 120000 X
The charactenistic doubling of boih the external membrane (em) and
the cristae mitochondriales (cm) 1s visible There are a few dense
grinules (g) 1n the mitochondrial matrix which elscwhere has o f untly
speckled appearance as tf containing smaller granules of very shghtly
greater density than the matnix uself Palade granules (pg) are
randomly scattered throughout the cytoplasm Purt of a nucleus (n)
is present

Lower (Case la} 87 000X
Certam of the internal relationships of the cristac mitochondrrales re
fortustously iiustrated 1n these mitochondria At o1 two cristae can
be observed to anse from the externil membrane each on a different
side of the mitochondrion and to extend some distance but not all the
way across 1ts width toward the opposite side At emz three cristae
are apparently isolated from the external membrane but this 1s because
their attachment 1s out of the pline of secion However the dervation
of the cnistae from the external membrane must oceur along a broad
base since they frequently traverse the entire diameter of the mito
chondrion with attachmems at both sides (cm3) Nevertheless the
cristae driale: 1 partitions  across the

width of the mitochondrion Palade ;,ranules {ps) are consprcuous
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GENERAL CYTOLOGY

{Case 1a) 280000 X
Mutochondrion Both the external membrane (ern) and the cnstae muto
chondriales (cm) are double membranes consisting of two dark lines
separated by a light interspace The cristac are dernved as infoldings
of the mmner member of the external membrane (cmd) The cnstae
sometimes branch (bcm) and are incomplete partitions across the width
of the hondrion  Dense Jes (g) may occur in the matnx
Each dense member of the double membrane forming a crista 1s known
to be double n utself (dc) forming a secondary double membrane
system

A portion of the nucleus (n) with 1ts double nuclear membrane
(nm) 1s present Note the Palade granules (pg) scattered randomly
throughout the cytoplasm

The cell this dnon a lLymph 15
10 1ts entirety on page 69 and in part on page 121

11 i
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GENERAL CYTOLOGY

{Case la) 280 000 X
Mutochondrion Both the external membrane (em) and the cristae mito
chondniales (cm) are double membranes consisting of two dark lmes
separated by a light nterspace The cristae are derived as infoldings
of the inner member of the external membrane (emd) The cristae
sometimes branch (bem) and are mcomplete partitions across the width
of the hondrion Dense les {g) may occur in the matnx
Each dense member of the double membrane formng a crista 15 known
to be double mn itself (dc) forming a secondary double membrane
system

A portion of the nucleus (n) with its double nuclear membrane
(nm) 1s present Note the Palade granules (pg) scattered randomly
throughout the cytoplasm

The cell this hondrion a lymphocyte 1s illustrated
m Its entirety on page 69 and n part on page 121







GENERAL CYTOLOGY

Endoplasmuc renculum  These fields both detall of monocytes were
chosen to ilustrate the small round or oval profiles of endoplasmic
reticulum that are charactenistic of normal mature leukocytes i general
Cisternal forms are practicaily never seen except in the very rare
plasma cells

Upper {Case 4] 33000X
The small round or oval profil s of endoplasmic retcutum (er) thickh
populalc the c)(oplasm Note the Golgt zone (go) which bears close

to I It can be disungushed by the
ﬂ:mened sacs and the total concentration of its vacuoles Mitochondna
{m) and a portion of the nucleus (#) are present This cell 1 1llus
trated 1n 1ts entiretsy on page 81

Lower {Case 10} 31000X
The endoplasmic reuculum (er) i this field 1s characteristic Note
that some of the profiles are distinctly larger than others Mitochondrit
(m) and a poruon of the nuclus (#) are present
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GENERAL CYTOLOGY

Endoplasnuc reticulion from plasma cells The upper one was found m
normal peripheral blood and the lower one occurred in a person with
eosmophiha

Upper (Case ta) 72000 X
The endoplasmic reticulum (er) 1s present 1n the form of both profils
of flattened sacs (cisternae) and circular or oval profiles of vacuolar
appearance A dense membrane (erm) hmuts the reticulum from the
surrounding cytoplasm which 1s somewhat more dense than the 10
tertor of the reticulum itself A portion of a nucleus (n) with 1ts char
actersstic double membrane (sum) is present

Lower [Case (1} 110000 X
The endoplasmic reticulum (er) 15 visible in the form of flatiened sacs
(cisternae) which occupy most of the field and as circular and oval
profiles to the left The lmting membrane (erm) 1s dense and 1s clearly
vistble throughout most of its extent The cytoplasm has numerous
Palade tes (pg) d domly through 1t The aterior of
the reticulum 1s less dense than the cytoplasm and this seems chiefly
due to the fact that there are no Palade granules or other orgamzed
structures present mn the reticulum
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GENERAL CYTOLOGY

Palade granules These micrographs were chosen to illustrate the small
particulate component of the cytoplasm known to be rich m nbo
nucleic acid These dense spherules are usuaily referred to as Palade
granules

Upper {Case 4) 34000X
The dense Palade granules (pg) are randomly distributed throughout
the cytoplasm of this agranulocyte In blood leukocytes these granules
do not show affimity for any particular structure as they do for the
endoplasmic reticulum n some cells elsewhere 1 the body The endo
plasmic reticulum (er) m this cell 1s not associated with the Palade
granules

Lower left {Case 4) 58 000 X
Note that the Palade granules cannot be morphologtenlly distingurshed
from the granules of the nucleus (7)

Lower right [Case la) 65 000 X
This field 1s fairly evenly stippled with Palade granules (pg) They
range from 100 to 150 A in diameter and are always dense enough
to be clearly distinguished from the undifferenttated cytoplasm Note
that they do not show 1ny sclective affimty for esther the endoplismic
reticulum (er) or the mitochondna (m)
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GENERAL CYTOLOGY

Palade granu[c: These micrographs were chosen to illustrate the small

of the cytoplasm known to be rich m nbo
nuclelc acid Thcse dense spherules are usually referred to as Palade
granules

Upper {Case 4) 34000 X
The dense Palade granules (pg) are randomly drstributed throughout
the cvtoplism of this agranulocyte In blood leukocytes these granules
do not show affimity for any particular structure as they do for the

o i some cells elsewhere m the body The endo
plasmlc rcncul‘um (er) n tius cell 1s not assoctated with the Palade
granules

Lower left {Case 4) 58000 X
Nate that the Palade granules cannot be morphologieally distinguished
from the granules of the nucleus (2)

Lower right {Case la) 65000 X
This field ss fauly evenly stippled with Palade granules (pg) They
range from 100 1o 150 A tn dameter and are always dense enongh
to be clearly hed from the und d cytoplsm Note
that they do not show 1ny selective affinity for either the endoplismic
reticulum (er) or the mutochondria ()
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GENERAL CYTOLOGY

Golgt zone

Upper feft {Case 1a) 31000X
The appearance of the Golg: zone (go) mn tius field s charactenstic
It consists of flattened sacs which have the appearance of double mem
branes and numerous profiles of small vacuolar structures which are
round or circular Its extent 1s usually farrly well deltmuted feom the
surrounding cytoplasm Two nuclear lobes (1) are present

Upper night {Case la) 50000 X
In this micrograph the Golgi 20me (g0) 15 1n the form of a bent e
extending nearly the entire length of the field The flattened sacs and
circular or oval vacuoles are clearly visible Certain Jarger vacuoles (v}
appear to be ones which have not flattened out and thus contamn a
clear apparently empty aren The cell 1s a neutrophil

Lower left {Case la) 44000 X
The Golgr zone here presents both flattened sacs and oval and round
vacuoles There are larger vacuoles (1) which apparently differ only
n size and shape from the remamder of them A portion of the nucleus
(n) 1s present

Lower right (Case 10) 27000X
The Golgt zone m this cell contrasts less than usual with the surround
ing cytoplasm This 1s because of the greater density of the cytoplasm
which 1s due to the large number of profiles of endoplasmic retrculum
Palade granules et contamned in st Portions of the nucleus (n1) are
visible The cell 1s a monocyte
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GENERAL CYTOLOGY

Compound vacuoles These mucrographs were chosen to ilustrate cer

tan vacuoles not able in light py which contam
smaller vacuoles within them
Upper {Case 1a) 25000 X

This lymphocyte contains a compound vacuole (1) located m the
narrow band of pertnuclear cytoplasm at one side of the cell Such
vacuoles are apparently haphazardly placed in the cell without defintte
positional assocration Although they are most common 1t Iymphocytes
they may occur in any of the Jeukocytes

Middle left (Case ta} 93000 X
The compound vacuole (cv) contains five or six smaller vacuoles which
are haphazardly arranged within 1t Its membrane may be contrasted
with that of the mitochondrion (m) near by Some Palade granules
(pg) and profiles of endoplasmic retriculum (er) are evident

Middle right (Case If} 57000X
Two compound vacuoles are 1llustrated here Therr contained vacuoles
are typical and for size and shape are indistinguishable from the
small vacuoles (1) scattered throughout the cytoplasm A portion of 2
nucleus (1) 1s present

Lower left {Case Ja} 76 000 X
This pound vacuole smaller les whose denstty con
trasts only shghtly with the Iight surrounding matrtx  Portions of two
mutochondria (m) are present and Palade granules (pg) are famly
evenly distributed throughout the cytoplasm A portion of the nucleus
(n) 15 present

Lower right {Case If 45000 X
‘These two P d les have di Iy different appearances The
one at the rnight small vacuoles which vre habl

from thosc in the surrounding cytoplism (v) The vacuole at the left
has much smaller mnclusions than usual but they are defimtely vacu
olar The matnx of this compound yacuole 1s distnctly darker than
that of the onc on the night Two mutochondra (m) and a portion of
the nucleus (#n2) arc present
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GENERAL CYTOLOGY

Compound vacuoles These micrographs were chosen to iMlustrate cer
tan vacuoles not demonstrable m light mucroscopy, which contan
smaller vacuoles within them

Upper (Case Ia) 25000X
This lvmphocyte contamns a compound vacuole (cv) located m the
narrow band of pennuclear cytoplasm at one side of the cell Such
vacuoles are apparently haphazardly placed in the cell without deimite
positional assoctation Although they are most common m fymphocytes
they may occur 1n any of the leukocytes

Middle left (Case la} 93 000X
The compound vacuole (cv) contans five or six smaller vacuoles which
are haphazardly arranged within 1t Its membrane may be contrasted
with that of the mitochondrton (m) near by Some Palade granules
{pg) and profiles of endoplasmic reticulum (er) are evident

Middle right (Case If) 57000 X
Two les are i here Thetr contatned vacuoles
are typrcal and for size and shape are indisttngmshable from the
small vacuoles (1) scattered throughout the cytoplasm A portion of 2
nucleus (#) 1s present

Lower left (Case la) 75000X
This compound vacuole contains smaller vacuoles whose density con
trasts onlv shghtly with the light surrounding matrix Portrons of two
mutochondria (m) are present and Palade granules (ps) are fairly
evenly distnibuted throughout the cytoplasm A portion of the nucleus
(n) 1s present

Lower right (Case If] 45000 X
These two pound les hate d ly differcnt appearances The
one at the right contains small vacuoles which are mdistingushable
from those m the surrounding cytoplasm (v) The vacuole at the left
has much smaller inclusions than usual but they are defimtely vacu
olar The matnx of this compound vacuole 1 distinctly darher than
that of the one on the night Two mutochondnia (i) and a portion of
the nucleus (#) arc present
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GENERAL CYTOLOGY

Nuclear pores The outer component of the nuclear membrane turns
inward and joins the nner component to form one margm of the
pore The other margin 1s simdarly formed from the other direction

Upper Jeft [Case la) 71 000X
The nucleus (n) with 1ts double nuclear membrane (nm) s clearly
visible A nuclear pore (np) about 370 A n drameter s visible In this
partrcular cell (a2 plasma cell from normal blood) the endoplasmic
reticulum (er) 15 arranged in the form of parallel flattened sacs
{cisternae)

Upper right {Case la) 96000 X
This micrograph yilustrates a nuclear pore (np) mn the clearly double
nuclear membrane (am) This pore measures about 480 A Palade
granules (pg) are evident 1n the cytoplasm

Lower {Case la) 119000X
The double nuclear membrane (sun) 1s mterrupted at np to form a
nuclear pore which 1s 620 A wide 1n the cytoplasm are typcal mito
chondria (m) endoplasmic reticulum (er) Palade granules (pg) and
part of a compound vacuole (v}
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GENERAL CYTOLOGY

General fcatures of ultrastructure of protoplasm The cell 1s a lympho-
cyte illustrated 1n 1ts entirety on page 69

Upper {Case la) 51 000X
Two nuclear lobes (n) are conspicuous and the nuclear membrane
(nm) shows a prominent doubling throughout most of its extent The
mitochondma () are typical and show considerable varety m the
cristae and granules 1n the matnx Palade granules (pg) and compound
vacuoles (¢1) are present There are three granules (g) n the cytoplasm
which are not positively 1denttied but which probably correspond to
the azurophil granules well known i Iight microscopy They possess a
dense outer membrane with a clear band just internal to 1t and a large
homogeneous matrix of medium density

Lower left [Case Ja) 96000 X
Thts mucrograph tlustrates detul from the field above at a higher
magnificatton  Two nuclear pores are present (np) in the clearly
double nuclear membrane (nm) The nuclear membrane 1tself 15 of
typical thickness measuring about 210 A over all with dense com
ponents somewhat less than one third of this thickness One of the
umdentified granules (g) described above s visible It measures about
022by 013 »

Lower right {Case 1a} 96 000X
Two nuclear pores (np) arc wvisible in thes field The granulanty of
the nucleoplasm (n) 1s typical These granules are densely packed but
cannot morphologrcally be d hed from the Palade granules
(pg) of the cytoplasm which are always more sparsely distributed
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GENERAL CYTOLOGY

Odd granules The structure of these granules does not conform to

that of any known organoid or and no 1d 15 at
present possible
Upper left [Case a) 39000X

The granule (g1) 1s part of a Iymphocyte It 1s very dense and con
tains an oval lucid area Otherwise 1t 1ppears to be essentally struc
tureless It measures about 05 by 03 n roughly the same size as the
mtochondria (m) Below 1t (gz) are several umdentfied granules
about 01 to 02 p 1n drameter

Upper night (Case la) 27000X
This granule (g) from a lymphocyte has a moderately dense body and
contams an oval mecluston of high density It measures about 03 by
045 » and 15 comparable i size to the mitochondna (m)

Lower left (Case 10) 28000X
These granules are not unlike the ones illustrated above but are 1n the
cytoplasm of a monocyte There 1s constderable variation in size among
the four granules present There 1s abundant endoplasmic reticulum 1o
the surrounding cytoplasm

Lower right {Case la) 44 000X
The granule at gt 1s made up of densc closely packed lammae It
measures about 045 by 07 ; with laminae about 75 A thick At gz
there 1s another granule apparently of the same khind The elongate
structure at g3 15 also umdentified The cell 1s a lymphocyte
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GRANULOCYTIC LEUKEMIA

Cases of subacute and chromic granulocytic (subacute and chronic
myelogenous) leukemta present a vartety cf cell t)pes which are chiefly
immature forms 1n the g locytic senes ( P
basophilic) Developing forms of the erythrocytic senies are also owca
sionally present In general the ummature forms are found in the later
stages of development The granulocytes are chrefly m the metamyelo-
cyte or myelocyte stage p locytes and loblasts being only occa
sionally encountered

The terminology adopted for our descriptions is one frequently used
1 hght microscopy A promyelocyte 15 understood to be the earliest
form recogmzable by sts specific granules which are not yet numerous
In the next stage the myelocyre the granules have reached their mature
number In meramielocytes the full population of granules of course
persists but the nuclear shape has changed to a banded form Stnce
nuclear shape 1s not a relable critenon i thin sections and the number
of granules present m the thin plane of the section may vary haphaz
ardly other crterra must be used  electron microscopy The most
valuable single cnterion of developmental status in these preparations
1s nucleoplasmic differentration In early forms (myeloblasts promye
locytes) the density of the nucleoplasm 1s even and wsually hght In
older forms a denser nucleoplasm begns to form mside the nuclear
membrane and becomes eastly recogmizable at the myelocyte stage The
dark nucleoplasm later develops 110 an arregular but very distinct band
snside the nuclear membrane and extends deep into the nucleus m 1
regular clumps At the metamyelocyte stage 1t has reached the mature
pattern but the contrast between 1ts light and dark components 15 often
not so great as i mature cells

The endoplasmic reticulum 1s also a useful indicator of the develop

mental stage of a given cell In tes 1t 1s most cop
represented chefly in the form ot well rounded vacuolar profiles These
may occupy a part of the cytop! area In the myelo-
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cyte stage 1t 1s somewhat reduced but stll in the form of large round or
oval profiles When the metamyelocyte stage has been reached there
may be a few large profiles left but most have been reduced to the small
circular or oval profiles charactenistic of matunty, and therr number 15
disunctly reduced

The number of mitochondna in developing granulocytes becomss
gradually less from the promyelocyte stage to maturity However 1t 15
quite variable and constitutes only an ncidental ard to judgment of the
developmental status of the cell

In nevtrophils the appearance of the specific granules changes with
the stage of development When the myelocyte stage 1s reached with its
full complement of granules, the granule size 1s noticeably Jarger tha
n mature cells In metamyelocytes many les are small, although
large ones may persist both here and in mature cells But in mature
cells most of the granules are quite small

The develop of eosmophilic and basophtiic granules 1s vague be
cause of the uncertain distinction between the two types Homogeneous
granules the classic  basophilic  type are found predomnantly
promyelocytes and early myelocytes Granules with nternal ultrastruc
ture, the eosmophilic type are found in myelocytes and metamyelo
cytes It 1s therefore highly probable that whatever uitrastructure 1s
acquired by the granules 1s developed in the transition from promyelo
wytes to myelocytes There seems to be no sienificant change in the
“eosinophilic  granules as the metamyelocyte stage 1s reached How
ever the basophiic bodies of phils have not been obsenved at
any stage earler than metamyelocytes

Although developing cells of the erythrocytic sertes are ocastonally
scen in the granulocytic leukemias therr characteristics are not described
m detail here There 1> a short sechion on the erythrocytic scries on
pages 335 to 343

Studies of the electron morphology of thm scctions of the cell types
n granulocytic leuhema have been made by Bessis and Breton Gorius
[2 3) Huth and Schnesder [4) and Dr Mayorca et al [5] A comprc
hensive review of the present status of this Jeukemia has been made by

Bessis [1 chap X]

REFERENCES

Bessis M Cytology of the blood and blood forming organs Grune and btrat
ton New York 1956
Bessis M and ] Breton-Gorus  Examen au microscope electromque des
cellules des leucemies mytlodes Bull mucroscop appl 501 ) 10-11 1955
Bess M and J Breton Gonus Examen des cellules leucermques au micro
scope electromque par ta methode des coupes £ resse med 10 189-97 1935
Huth E and C Schnerder Electron microscope appearance of normal leuco
cytes and cells n acute leukosrs m children Zeschy Awd 75 358-463
1954
Dt Mayorca G G Lanzavecchia and A Le Coultre Studio sulfa morfolo,ta
det leucocits umane normale ¢ levcemrcr col metodo della seztone sotttli al
Rend Ist lomburdo sci e lere 90 559-572 1936
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GENERAL FIELDS

(Case 15 before treatment) 4800 X
Immature forms Cells of the neutrophittc sertes are labeled N and
those of the cosinophilic series E with small letters indicating the prob
able stage of development p, promyelocyte m myelocyte and mnt
metamyelocyte

The cell at Np appears to be an early form and 1s probably a pro
myclocyte The granules (ng) are neutrophilic but few 1n number There
are numerous profiles of endoplasmic reticulum (er) The nucleus 15
well ded and there 1s a leolus (1) The nucleoplasm s of fanly
uniform density Al these circumstances wdicate an early stage of de
velopment Below this cell at Nm, 1s a cell of the neutrophiltc seres
which 15 further advanced developmentally The granules are mose
numerous and there 15 less endoplasmic reticulum The nucleus ss still
fairly well rounded but has begun to show differenttation of nucleoplasm
mto dark (nd) and Iight (n!) areas This evidence ndicates a neutro
philic myelocyte The other cells of the neutrophilic seres Jabeled
Nrmm  although not affording many clues have probably reached the
metamyelocyte stage Supporting this interpretation is the apparently
full pl of granules litle endopl: lum and advanced
development of nucleoplasm nto hght and dark areas in the pattern
assocrated with mature cells (see pages 37 to 47)

Two cells of the eosinophilic series are present At Emm the gran
ules are recogmzable as bemng of the eosmophific type because of their
internal ultrastructure The full number seems to be present The nu
cleoplasm has differentiated into dark and light areas with character
sstic patterning (pages 53 to 59) The nuclear shape suggests banding
All these ch, 1SUCS poInt to an hilic metamyelocyte In the
cefl at £p the nucleoplasm () shows only the famtest ndication of two
densities and the number of granules which possess internal wltra
structure 1s smail Both these crrcumstances indicate an early stage The
ieregular contour of the nucleus s contradictory but nuclear shape i
thin sections 1s a caprictous criferion at best The evidence favors
identsfication of this cell as an cosmophilic promyelocyte approaching
the myelocyte stage

g
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GENERAL FIELDS

{Case 15 before treatment) 6800 X
Immature Jorms Cells of the neutrophilic serses are labeled N and
those of the eosinophtlic series £ with small letters mdicating the prob
able stage of development p promyelocyte m myelocyte and mm
metamyelocyte

The cell at Np appears to be an early form and 1s probably a pro
myelocyte The granules (ng) are neutrophihic but few in number There
are numerous profiles of endoplasmuc reticulum (er) The nucleus 1s
well rounded and there 1s a nucleolus (n) The nucleoplasm is of farcly
uniform density All these circumstances mdicate an early stage of de
velopment Below this cell at Nm 1s a cell of the neutrophtlic series
which 1s further advanced developmentally The granules are more
numerous and there 1s less endoplasmic rettcculum The nucleus ts st
fassly well rounded but has begun to show differentiation of nucleoplasm
into dark (nd) and light (nl) areas This evidence dicates 1 neutro
philic myelocyte The other cells of the neutrophihic sertes labeled
Nmm although not affording many clues have probably reached the
metamyclocyte stage Supporting this mterpretatton 1s the apparently
full complement of granules hittle endoplasmic reticulum and advanced
development of nucleoplasm into Light and dark areas in the pattern
asspciated with mature cells (see pages 37 to 47)

Two cells of the eosinophilic senies are present At Epvn the gran
ules are recogmzable as bemng of the eosmophilic type because of their
wnternal ultrastructure The full number seems to be present The nu
cleoplasm has differentiated anto dark and light areas with tharacter
1stic patterming (pages 53 to 59) The nuclear shape suggests banding
All these ch 1stics pomnt fo an eo hilic metamyelocyte In the
cell at Ep the nucleoplasm (n2) shows only the faintest indication of two
densities and the number of granules which possess imnternal ultra
structure 1s small Both these circumstances mdicate an early stage The
seregular contour of the nucleus 1s contradictory but nuclear shape m
thm sections s a caprictous cniterion at best The evidence favors
sdentification of this cell as an phitic promyelocyte opp! t
the myelocyte stage
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GENERAL FIELDS

{Case 15 before treatment) 1100 X
Neutrophilic forms The neutrophilic promyelo
cytes (Np) and the nevtrophilic myelocyte (Nm)
may be compared with the same developmental
stages m the electron micrograph The banded
neutrophi! (N) 1s comparable to the cell m the
lower night corner of the electron micrograph
(See text at beginming of this section on termt
nology ) Myeloblasts (MB) are also present

{Case 15 before treatment) 5400 X
Neutrophtlic forms The cell at Np 1s probably the most immature of
the group as mndicated by nts undifferentiated nucleoplasm (n) numer
ous large circular profiles of endoplasmic retriculum (er) sparse spe
cific granules (ng) and furly numerous mitochondria (m) This cell
1s a neutrophilic promyelocyte The next stage in hine is represented by
the two neutrophilic myelocytes (Nm) which have a greater number
of large specific granules and fewer profiles of endoplasmic reticulum
which are however large and round In the myelocyte at lhc nght the
nucleoplasm has undergone bl as d by
the dark areas (nd) wside the nuclear membrine The two cells at Nmm
have at least reached the metamyelocyte stage as evidenced by It ht
(nl) and dark (nd) nucleoplasm m strony, contrast numerous specific
granules many of which are small and very little endoplasmuc reticu
lum The non nucleated portion of a cell at N 15 probably from a
neutrophilic myelocyte for the reasons cited above The cell at Emm
15 probably a metamyelocyte of the eosinophilic series since a baso
philic body (bb) 1s present
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GENERAL FIELDS

(Case 15 before treatment) 100X
Neutrophilic forms The neutrophilic promyelo
cytes (Np) and the neutrophilic myelocyte (Nm)
may be compared with the same developmental
stages 1n the electron micrograph The banded
neutrophil (M) 1s comparable to the cell in the
lower rnight corner of the electron micrograph
(See text at begmnmg of this section on termi
nology ) Myeloblasts (AMB) are also present

{Case 15 before treatment) 5400 X
Neutrophulic forms The cell at Np 1s probably the most immature of
the group as ind d by 1ts undiff 1ated nucleopl (n) numer

ous large circular profiles of endoplasmuc reticulum (er) sparse spe
afic granules (ng) and farly numerous mitochondna (m) This cell
1s a neutrophilic promyelocyte The next stage 1 hne 1s represented by
the two neutrophilic myelocytes (Nm) which have a greates number
of large specific granules and fewer profiles of endoplasmc reticulum
which are however large and round In the myelocyte at the right the
nucleoplasm has undergone noticeable differentiation as indicated by
the dark areas (n1d) inside the nuclear membrane The two cells at Nmm
have at least reached the metamyelocyte stage as evidenced by Iight
(nf) and dark (nd) nucleoplasm 1n strong contrast RUMETOUS specific
granules many of which are small and very Iittle endoplasmic retict
lum The non nucleated portion of a cell at N 1s probably from 2
neutrophtlic myelocyte for the reasons cited above The cell at Frint
1s probably a metamyelocyte of the eosmnophilic serses since 2 baso
philic body (bb) 1s present
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GENERAL FIELDS

(Case I§ before treatment} 1100 X
Immature granulocytes The eosmophulic forms
(E) may be compared with the eosinophilic mye
locyte (Em) on the facing page The neutrophil
{N) 1s slightly more advanced than the neutro
philic metamyelocytes (Nmm) in the electron
micrograph  There are also a myeloblast (MB)
and a neutrophilic promyelocyte (Np) present

ie 15 before treatment) 6500 X
ature granulocvies The myelocyte stage 1n the neutrophific group
presented at Nmn  Nuclear differentiation nto light (nf) and dark
areas has begun but 1s not 5o p d as in the metamyelocytes
wn) The cells at Nm. and Nm3 are apparently somewhat motc
nced than Nm1 but the nucleoplasm is stll not so differentiated
1 the metamyelocytes In general the neutrophilic granules (ng)
arge 1n the myelocytes with a tendency for many but not =l of
to become small 1n the metamyelocytes and mature neutrophils
cell at Em has probably reached the myelocyte stage There 15 1n
1on of developing ultrastructure within ats granules (eg) of the type
ictenstic of the eosmophilic series
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GENERAL FIELDS

(Case 15 before \‘rea!menf) 8300 X
Varous devel [ stages of philic and philic series
In the cell at Em the granulcs (eg) are eosmophitic and fairly numer
ous and there is abund. r (er) The nucleus 18

well rounded and shows a definite tendency to two densities These
features mdicate an eosmnophilic myelocyte The cell below (Emm)
1s somewhat more advanced as indieated by less endoplismic reticu
lum and the two nuclear lobes (n) which are probably an expression
of a banded nucleus passing twice through the plane of section Baso
philie bodies (bb) which are present m this cell have not been ob
served at any stage earher than metamyelocytes

Among the celfs of the neutrophilic series those at Np are probably
in the promyelocyte stage as indicated by copious endoplasmic rettcu
lum (er) less than the full complement of specific granules (ng) and
well rounded nucler which have nucleoplasm of fairly even density
The cell at Nm 1s further advanced and may be considered 1 neutro
philic myelocyte The cell at N 1s a mature neutrophil

2
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GENERAL FIELDS

{Case 15 before treatment) oo X
Developing cells Two basophilic forms (B) are
present but their exact stage of development 1s
difficult to determine m light mucrographs How
ever the maturatton of forms n electron micro
graphs can be more readily determined as on the
facng page (Bp) The nevtropmi (N) m the
upper night corner may be compared with the
neutrophtl (N) in the electron micrograph

The loblast (MB), the philic pro
myclocyte (Np), and the nentrophific myelocyte
(Nm} may be compared with the electron micro-
graphs of these cell types presented on pages 149
to 157 221 223 251 to 255 and elsewhere

(Case 15 before treatment) 11000X
Developing cells There 15 one very early stage n the basophilic series
(Bp) Several members of the neutrophilic sertes are further advanced
The large basophilic granules (bg) are very sparse 1n the illustrated
-~ell and mrtochondria () are nearly as numerous Large profiles of
endoplasmic retictlum (er) occupy the bulk of the cytoplasm All these
characteristics pont to a basophilic promyelocyte The only contradic
tory feature 1s the abnormally great density of the nucleoplasm which
although not clemly showing differentiation wnto hght and dark sreas s
much darker than usual for this stage of development

The members of the neutrophilic series are well advanced There are
two typical metamyelocytes (Nmm) with numerous spectfic gran
ules (ng) sparse endoplasmic retculum (er) and well differentiated
nucleoplasm clearly showing two densities light (n) and dark (nd)
The remaimng neutrophilic form (N} has all the charactenstics of a
mature neutrophil (pages 37 to 47) Note that the two nucleoplasmic
densities stand 1n somewhat higher contrast to each other than m the
metamjyelocytes
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GENERAL FIELDS

[Case 15 before freatment) 100X
Neutrophilic forms The two neutrophilie. myelo
cytes (Nm) may be compared with the same cell
type 1 the electron micrograph The neutrophtl
{N) with banded nucleus may be compared with
banded neutrophilic forms {(Nrmim) i the electron
microgtaph  Mjyeloblasts (MB) are present

[Case {5 before treatment) 6700 X
Neutrophilic forms The cell at Nm(1) 1s a typrcal neutrophilic myelo
cyte The specific granules (ng) are large and numerous and large
profiles ot endoplasmic reticulum (er) may be seen The nucleoplasm
shows an early stage of differentiation mto hght (nf) and diwk (nd)
areas The cell at Nm(2) 1s further advanced as shown by smaller spe
caffic granules and more advanced nucleoplasmic differentiation  The
three cells labeled Nmm have reached the metamyelocyte stage with
small specific pranules and sull higher contrast between the fight and
dark nucleoplasmic areas
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GENERAL FIELDS

{Case 15 before treatment) 1100 X
Neutrophilic maturation The two neutrophilic
promyelocytes (Np) the neutrophilic myelocyte
(Nm) and the two neutrophilic metamyelocytes
(Nmm) mav be compared with the same forms
in the electron micrograph on the facing page

(Case 15 before treatment) 10000 X
Neutrophilic maturation The cell at Np shows well the charactenstics
of a neutrophilic promyelocyte The specific granules (ng) are large
but not numerous and there are abundant large profiles of endoplasmic
I (er) Ni drra (m) are wvistble  Although
very little of the nucleus appears in this sectton the nucleoplasm 1s
largely undifferentiated
The cell at Nm 15 a neutrophilic myelocyte The specific granules
(ng) are large and numerous Light (nf) and dark (nd) areas can be
hed in the feopt: At this stage Jarge profiles of endo
plasmic reticulum are normally vistble but there are not many in this
section probably because of the small amount of «ytoplasm present
The three cells labeled Nmm show the characteristics of neutrophile
metamyelocytes but there 1s nothing o distingutsh them from mature
neutrophils except their nuclear morphology which suggests a banded
rather than 2 polymorphous structure Note that although the specific
granules tend to be smaller there 1s considerable vanation in size The
two nuclear densities are well contrasted and their pattern 1s mature

rmia
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GENERAL FIELDS

(Case 15 before treatment) 10000 X
Dunerse cell forms Distinctly different cell types are iflustrated m this
held At Naumn there 15 a neutrophilic metamyelocyte The mature num
ber of granules (ng) are present and the endoplasmic retreulum (er}
1 present but reduced from earlir stages so that the profiles are small
The nucleus 1s banded and tts two densittes (1! nd) are well de
veloped

At Np there 15 a portion of a cell which appears to be a neutrophiln,
promyelocyte  There are granules (ng) which appear to be neutro
phulic but which are not all clearly distinguishable from ncarby mito
chondria (m) having unusually dense matrices The coprous endo
plasmuc reticulum (er) with large profiles suggests an early form

At Em 15 an eostmophilic form which may be either a myelocyte or a
metamyelocyte The granules (eg) are clearly eosinophiic and numer
ous The endopl; lum 1s more abundant than in mature forms
The muclens shows bolh light and dark areas Its size however sug
gests a sigle cut through a banded nucleus

The cell at MB 1s a myelobl. hondria (m) are
present m a speckled cytoplasm 'ﬂw nucleus 1s of even contour and
has nucleoplasm of even density This cell type 1s unusual in the granu
locytic leukemtas It 1s described in greater detail 1n the section on
myeloblastic leukema (pages 195 to 233)

At T there 1s a tyoical eroun of blood platelets
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GENERAL FIELDS

(Case 15 before treatment] 8700 X
Neurrophilic series The cells labeled Nm are not beyond the myelocyte
stage The small number of Inrge granules i Nm(1) suggests a very
carly stage but the differ of the leopl. mto dark areas
around the nuclear membrane (nd) suggests that 1t 15 later than a pro
myelocyte At Nm(2) all the charactersstics suggest a myelocyte nu
merous large granules (ng) and large profiles of endoplasmuc renculum
(er) farrly hondnia () and nucleoplasm in establshed
differentration nto L ht (2} and dark (nd) areas The cell at Nm(3)
presents much the same features but there are fewer mitochondria 2
not unusual circumstance which does not inferfere with its wdentifica
tion as a neutrophilic myelocyte The cells at Nmm are in the meta

myelocyte stage as ind d by large of philic granules
many of which are small absence of Iarge profiles of endoplasmic re
ticulum and well hed p 1 nucles

of irregular contour
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GENERAL FIELDS

{Case 18a before treatment) 9800 X
Atypical neutrophilic forms The cells at Np are mn the promyelocyte
stage The specific granules (n1g) are sparse and the nucleoplasm 1s
largely of unmtform density There are however thin bands of dark
nucleoplasm (nd) at the nuclear membranes an indwcatton that the
myelocyte stage 1s being approached These cells are atypical an that
profiles of endoplasmic retrculum large or small are nearly absent and
there are no mutochondna Also the neutrophilic granules are rather
small for this stage of development Nevertheless there 1s lttle doubt
that they are neutrophilic promyelccytes

The cell at Nmm shows a nucleoplasmic differentiation intto hght and
dark areas which 15 charactenssuc of a late (meta or mature) stage of
development But the granules (ng) are remarkably sparse DBecause
the differentiation of nucleoplasmic densities 1s the most rehable single
cntenion 1n determimng, the stages of development this cell 1s mter
preted to be 1 neutrophtlic metamyelocyte
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GENERAL FIELDS

{Caxe 15 before ireafmeni] 11 000X
P e stages of d: of phils The cell at Ap 1s
m an early stage The spccnﬁc granules {ng) are large but not numerous

(er) is g ) 1n jarge profiles The smooth

cnntoured nucleus shows only :hc shightest sndicatton of differentiation
1n the form of a thun dark band of nucleoplasm {(nd} at the nuclear
membrane All these features point to a meutrophilic promyelocyte

The two cells at Nm are further advanced and are n about the same
stage The granules are smaller and the endoplasmic reticulum still has
large profiles but fewer of them The nucleaplasm 15 clearly differenti
ated imto hght and dark areas but therr contrast 1s not so heavy as i
the metamyelocyte at upper left These cells are neutrophilic myelocytes

In the peutrophilic metamyelocyte (Nmm) the granules are numerous
and although large ones are present they are i general small Large
profiles of endoplasmic reticulum are scarce The nucieoplasm shows
high contrast between its light and dark areas
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GENERAL FIELDS

{Case 15 before treatment) 12000 X
Contrasting forms The cell at MB shows the distingwishing features of a
monoblast Numerous small mitochondna (sm) are distributed through
out the charactenstically speckled cytoplasm A fibrllar formation
{ff) 1s visble The nucleus possesses a nucleolus and the nucleoplasm
shows very Ittle if any differentiation mto the light and dark areas
characteristic of the mature monocyte

At Nm the neutrophilic myelocyte 1s typical The granules (ng) are
numerous and the endoplasmic reticulum (er) s plenuful in large pro
files D 1on of the ieopl mto light (al) and dark (nd)
areas 1 evident The two neutrophilic metamyelocytes (Nmm) have
numerous but somewhat smaller specific granules (ng) and large pro
files of endoplasmic reticulum are absent The nucleoplasm 1s well dif
ferentiated nto light and dark areas The cell at bottom night could be
a mature neutrophil
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GENERAL FIELDS

{Case 15 before treatment) 10000 X
Myelocytes and lymphocyte The cell labeled Em 15 an eosinophilic
myelocyte The granules (eg) show typical internal ultrastructure and

the endopl lum (er) 1s d with profiles somewhat
larger than those charactenstic of mature cells Mitochondria () are
present The nucleus shows mod of its pl

mnto hight (nf) and dense (nd) areas At Nm there is a typical neutro
philic myelocyte Numerous specific granules (ng) and large profiles
of endoplasmic reticulum are present There are also mutochondna
and a Golgt zone (go) The nucleus 1s still well rounded and possesses
a leolus (nue) and diff 10n of the leopl: into Iight and
dark areas has barely begun Although the nuclear morphology indt
cates a very early stage the number of neutrophilic granules shows that
the cell 1s at least beyond the promyelocyte stage Their umform large
s1ze indicates that this cell has not yet reached the metamyelocyte stage
at which many of the neutrophilic granules become small

The cell at L p ytop! that 15 ct 1stic of a mature
Iymphocyte But its nuclear denstties with the dark nucleoplasm (nd)
very thick and chiefly near the nuclear membrane 1s not quite typical
of the usual pattern (see pages 64 to 77)

A group of typical blood platelets 1s centered about T Note the
close bl of therr g les to the hilic ones
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GENERAL FIELDS

{Case 15 before freatment) 10000 X
Late and mature forms The cell at Nm 1s a neutrophilic myelocyte
The neutrophilic granules (ng) are characteristic and the endoplasmie
reticulum (er) shows profiles that are m general somewhat larger than
those in mature cells The nucleus 1s of smooth contour and differentia
tion of the nucleoplasm nto light (sf) and dark (nd) areas 1s well
established This cell may be compared with an earhier form on page
163 and with the later form (NMmm) n the same micrograph Identifica
tion of the neutrophtlic metamyelocyte (Nmm) depends chiefly on the
well advanced diff 1on of the Teopl into Jight and dark
areas Also there 1s the full complement of neutrophilic granules
many of which are small The endoplasmic reticulum where present
1s in the form of very mmute profiles This cell could be a mature
neutrophil

At N there s a cell of the neutrophilic serres whose developmental
status cannot be determined with certamty because the nucleus does
not appear in the plane of section The full complement of neutrophilic
granules many of them small indicates that it has reached the metamye
locyte stage but the large profiles of endoplasmic reticulum make 1t
unltkely that matunty has been attained

The cell at F has the ch istics of a mature phil There
are eosmophiic granules (eg) and a basophlic body (bb) The
endoplasmic reticulum appears as munute profiles The nuclear lobes
show mature differentiation tnto hight and dark nucleoplasm
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GENERAL FIELDS

[Case 18a before treatment) 9800 X
Muved cell group The large cell at Nm 1s a neutrophilic form which
appears to be about midway n s progress from promyelocyte to
myelocyte Its granules (ng) are clearly neutrophiic but they are
not quite so numerous as mught be expected if the full complement
were present There are numerous profiles of endoplasmic retculum
(er) and these are large as 1s charactenistic of inmature forms Two
nucleoh (nu) are present and the nucleoplasm shows the earliest recog
mzable stage of differentiation mto hight (#l) and dark (nd) areas the
latter collected under the nuclear membrane The constrcted form
of the nucleus 1s not typrcal of this stage of development but never
theless 15 not unusual Nuclear shape 15 a useful criterion n judging
statistically adequate numbers of cells but varations of the usual form
m mndividual cells are common Unusual nuclear shape should not
mterfere with rdentification of the cell according to indictations pre
sented by other available criteria

Among the other cells that at L 15 a mature lymphocyte (see pages
12 and 64 1o 77 for cniteria) and that at M is a mature monocyte (see
pages 12 and 78 to 85 for unteria) At Nmm a portion of a neutrophilic
metamyelocyte s visible and 1s so 1dentified chiefly because of the ad
vanced d of the nucleop wto hght and dark areas
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GENERAL FIELDS

{Case 15 before treatment) 11 000X
Matring forms The cell at M 1s 1 mature monocyte It possesses small
mitochondria (mm) very small profiles of endoplasmic reticulum (er)
generally speckled cytoplasm and two distinct densities n the nucleo
plasm The darker nucleoplasm (#d) s against the nuclear membrane
and to some extent deeper 1n the nucleus while the highter portion (nf)
occupres most of the nuclear body This cell may be compared with
other mature forms illustrated on pages 78 to 85

The remmming, two cells are metamyelocytes neutrophilic (Nmm)
and eosinophilic (Emm) Both have the mature number of granules
(ng eg) sparse endoplasmic reticulum and hght and dark nucleoplasm
There 18 no certain way o distinguish these two cells from mature ones
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GENERAL FIELDS

[Case 15 before freatment) 9000 X
Myeloid and erythrowd forms This field contains three cells of the neutro
philtc series which are in the myelocyte stage (Nm) In each there are
numerous neutrophilic granules (ng) and some endoplasmic reticulum
(er) The nuclet m all three have developed light (al) and dark (nd)
nucleoplasm and are still fairly well rounded On the basis of the de
velopment and pattern of nucleoplasmic densities which are the most
teliable entena for judging developmental progress in these prepara
tions the uppermost cell 1s probably the youngest the middie one some
what further along and the lowermost one the most mature (pages
125 ind 126)

The cell labeled MB has an even nuclear density indicating an
early stage and a nucleolus (nmu) There are no specific granules but

dna (m) and endopl 1 (er) are present It 1s

interpreted 1o be a myeloblast although cells of this very primttive
stage are seldom seen m the granulocytic leukemias

A nucleated red blood cell (NR) 15 present Its appearance 1s typical
of erythroblasts at about the muddle stage of development This stage
of erythrocytic develop 1s more pletely described on page 342
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GENERAL FIELDS

(Case 15 before treatment) 9000 X
My eloid and erythrowd forms This field contains three cells of the neutro
philic series which are n the myelocyte stage (Nm) In each there are
numerous neutrophiltc granules (ng) and some endoplasmic reticulum
(er) The nucler in all three have developed hght (nl) and dark (nd)
nucleoplasm and are sull fairly well rounded On the basis of the de
velopment and pattern of nucleoplasmic denstties which are the most
reliable enterna for judging developmental progress in these prepara
fions the uppermost cell 1s probably the youngest the middle one some
what further along and the lowermost one the most mature (pages
125 and 126)
The cell labeled AB has an even nuclear density indicating an
early stage and a nucleolus (m:) There are no specific granules but
hondna () and endop (er} are present It s
mterpreted to be a myeloblast although cells of thes very pnmitive
stage are seldom seen 1n the granulocy tic leukemias
A nucleated red blood cell (VR) 15 present Iis appearance 1s typical
of erythroblasts at about the middle stage of development This stage
of enthrocytic develoy 1s more completely bed on page 342
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GENERAL FIELDS

[Case 18b duning treatment) 13000 X
Unusually early cell npes This field 1s a rather unusual one for a
granulocytic leukema smce 1t shows cells m the very early stages of
development These immature cells are more typical of myeloblastic
leukermia

The three cells labeled MB are myeloblasts Nucleoh (nu) are
prominent and the nucleoplasm 1s not clearly differentiated into light
and dark areas The cytoplasm is free of specific granules and there
15 some endoplasmic reuculum {er) These cells may be compared
with the myeloblasts described under myeloblastic leukemma (pages 198
to 211) The two members of the neutrophilic series present are both
m early stages of differenuation At Np (below) the cell has few specific
granules (ng) abundant endoplasmic reticulum (er) and largely un
differentiated nucleoplasm (n) These charactenstics all pomnt to the
promyelocyte stage At Np (above) the cell may be further advanced
but nerther the number of specific granules nor the shghtly differentiated
nucleoplasm mdicate that 1t has passed the promyelocyte stage
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NEUTROPHILIC FORMS

Upper {Case 15 before treatment) 16 000X
Neutrophtlic promyelocyte There 1s a small number of specific granules
(ng) and large oval or crrcular profiles of endoplasmic reticulum (er)
There are hondra (m) and a leolus (nu) 1s present
The nucleoplasm 1s not definitely differentiated Of particular mterest
1s the fibnllar formation {(ff) which although found m monoblasts
1n monoblastic leukenuas has been observed in immature granulocytes
n granulocytic leukemias

Lower {Case I5 before freatment] 18000 X
Neutrophilic (pro)myelocyte This cell 1s a member of the neutrophthe
series as shown by the specific granules (ng) They are large and fasly
numerous but they do not seem to represent the full complement
Endoplasmic reticulum (er) s represented by large oval or round
profiles and there are many mitochondria (sm) The nucleoplasm shows
the begmning of differentiation 1 the form of a dark irregular band
(nd) inside the nuclear membrane The characterstics of this cell
ndicate that 1t 1< midway between a promyelocyte and 2 myclocyte
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NEUTROPHILIC FORMS

Neutrophilic myelocytes

Upper {Case 15 before treatment} 17 000X
This member of the neutrophilic series has a population of specific
granules (ng) that 1s at or near the full complement The defimte but
not strong diff 1ation of the nucleopl into hight (nl) and dark
(nd) areas mdicates the myelocyte stage The large profiles of ende
plasmic reticulum (er) fit this interpretation This cell 1s not far past
the last phases of the promyelocyte stage

Lower [Case 15 before freatment) 13000 X
This cell seems to be in about the same stage of development as the
one above The specific granules (ng) are numerous and the nucleo
plasm shows mdication of differentiation mto hght (nl) and dark (nd)
areas somewhat less marked than in the cell above The mitochondria
(m) are more numerous as is usually the case m myelocytes and the
large profiles of endoplasmic reticulum (er) are also more numerous
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NEUTROPHILIC FORMS

Upper (Case I5 before treatment) 16000 X
Neutrophilic myelocyte The cytoplasmic charactenstics are typical with
a large number of neutrophilic gmnules (ng) and a moderate number
of large profiles of endopl lum (er) The plasm has dif
ferentiated into light (nf) and dark (nd) areas but uts distribution
ths cell 1s not enturely typical It may be compared to the usual pattern
which 1s well 1llustrated on page 151

Lower {Case |5 before treatment} 17000 X
Mature neutropinl There 1s nothing in 1ts make up to indicate that 1t
1s still 1n a developmental stage Neutrophilic granules (#g) are numerous
and of vaned size Endoplasmic reticulum (er) 1s sparse and 1s present
mainly as very small profiles The nucleoplasm 1s well differentiated into
Iight (nl) and dark (nd) areas in a mature pattern The three nuclear
areas are about the size of the lobes of a polymorphous nucleus
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NEUTROPHILIC FORMS

Neutroplulic metamyelocites

Upper {Case 15 before treatment) 18 000 X
The spectfic granules (ng) are small and nrumerous Large profiles of
endoplasmic reticulum have mostly disappeared The nucleoplasm has
differentiated strongly mnto Iight (n/) and dark (nd) areas with charac
tenistic patternmng (page 141) The rather harsh contrast between the
two as compared to the softer tones of the micrograph below 1s a pecult
arity of the preparation The nucleus 1s typtcally banded

Lower {Case 15 before freatment} 14000 X
All the features are ch 1stic philic granules (ng)
d i 1 (er) mostly 1n small profiles differen

tiated nucleoplasm with charactenstic pattern {n! nd) and two rather
large nuclear areas suggesting cross sections of a banded nucleus bent

back on itself
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NEUTROPHILIC FORMS

Upper (Case 15 before treatment) 15 000 X
Member of neutrophilic series well along in development The chief indt
cation of this 15 the clear differ of the leoplasm 1nto hght
(nl) and dark (nd) areas Although the nucleus app=ars to be lobulated
the group of rather large profiles of endaplasmic reticulum (er) argues
against 1ts being a mature neutrophul Note the Jong (13 ) mutochon
drion (m) At ng there 1s a rod shaped neutrophilic granttle about 08 g

long

Lower (Case 15 before treatment) 19 000 X
Neutrophtlic metamyelocyte Ths cell of the neutrophilic series 1s well
differentiated as indicated by the large number of granules and the con
trast between hght (n!) and dark (nd) leoplasm Note the

vacuole (ev) 1n the cytoplasm These structures are described under
Normal Blood on page 116
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EOSINOPHILIC FORMS

Upper (Case 15 before treatment] 18 000 X
Cell entering myelocyte stage The eosmnophilic grnnulcs (eg) are numer
ous but may not quite rep the full plk js reticy
lum (er) 1s abundant and the profiles vary considerably mn size There
are mitochondna (m) and a small portion of the Golgi zone (go) 15
visible The nucleoplasm 1s fairly well differentiated into hght (nl) and
dark (nd) areas

Lower (Case 15 before treatment) 19 000X
Eosinophilic myelocyte Typical features are the full or nearly full
number of specific granules (eg) the Inrge profiles of endoplasmic
reticulum {er) and the mitochondria (m) Because only a small portion
of the nucleus 1s present 1t 1s not clear whether nucleoplasmic differentia
uon 1s well established
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EOSINOPHILIC FORMS

Upper {Case I5 before treatment) 18 000X
Cell entering myelocyte stage The eosinophilic granules (eg) are numer
ous but may not quite represent the full complement Endoplasmie retict
[um (er) 1s abundant and the prohles vary considerably 1n size There
are mitochondria (1) and a small portion of the Golgt zone (£0) 1
visible The nucleoplasm 1s fasrly well differentsated mto light (nl) and
dark (nd) areas

Lower (Case 15 before treatment) 19000 X
Eostnophilic myelocyte Typical features are the full or nearly full
number of specific granules (eg) the large profiles of endoplismic
reuculum (er) and the mitochondra () Because only a small portiont
of the nucleus 1s present 1t 1s not clear whether nucleoplasmic differentia
tion 1s well established
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EOSINOPHILIC FORMS

Cells somewhat past middle stage of development m eosnophtlic series

Upper {Case 15 before freatment) 15000X
The eosinophilic granules (eg) are typical There are no basophilic
bodies Some mutochondria (m) are present Endoplasmic reticutum
(er) 1s abundant some of it in small profiles but much of 1t large The

p 15 well di mto hght (nl) and dark (nd) areas
Thus cell 15 very close to the metamyelocyte stage and may even have
reached 1t Signs of immatunty are the large number of mitochondria
numerous large profiles of endoplasmic reticulum and absence of baso
philic bodies

Lower (Case I5 before treatment) 13000 X

This cell has reached the myelocyte stage as ind by the d

of (ypxcal eosmnophilic granules (eg) and the recognizable although not
of the P mto Light (#/) and dark

(nd) areas However the fairly numerous mutochondria (m) and the
abundant large profiles of endoplasmic reticutum (er) both indicate an
immature stage Differentiation 1n this cell has not progressed so far as

m the cell above
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EOSINOPHILIC FORMS

Late stages in eosinophiltc development

Upper {Case I5 before treatment} 18000 X
This cell shows practically all the features of maturity The cosiophilic
granules (eg) are numerous and show the typical inclusions somewhat
denser than the remainder of the granule Basophilic bodies (bb) which
have not been observed m any developmental stage earher than meta
myelocytes are present The endoplasmic reticulum (er) 1s abundant
chiefly 1n the form of the small profiles which characterize the mature
eosmophil but there are one or two profiles of larger size which indicate
immaturity The Golg: zone (go) 1s present The nucleoplasm shows ad
vanced differenttation nto light (n!) and dark (nd) areas and cannot be
distinguished from the mature nucleus In fact the only mdrwcations of
mmaturity 1 this cell are the large profiles of endoplasmic reticulum
which can hardly be regarded as dectsive evidence for incomplete de
velopment

Lower [Case 15 before treatment} 18000 X
This cell shows signs of being less advanced than the one above although
1t has defimtely reached the metamyelocyte stage The eosmnophilic gran
ules (eg) and basophilic bodies (bb) are charactenistic There are many
small profiles of endoplasmic reticulum (er) but also a number of large
ones Mitochondria (1) are e The two ch 1stic nuclear
densities {(n! nd) are conspicuous

emia






EOSINOPHILIC FORMS

{Case 15 before treatment) 22000X
Eosinophtlic metanelocyte This cell of the eosinophilic series has the
full complement of specific granules (eg) and the endoplasmic reticulum
{er) 1s reduced and chiefly present in the form of small profiles A Golgt
zone (go) i1s present The nucleoplasm has both light (n!) and dark
(nd) arcas which although not in high contrast have a typical pattern
(pages 53 to 59) They may be compared to the nucleoplasm of the
neutrophilic nucleus 1t bottom right

kemia
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BASOPHILIC FORMS

Early stages Despite certain ambiguities noted below both are nter
preted to be members of the basophilic series

Upper (Case I5 before freafment] 12 000 X
The numerous large profiles of endoplasmic reticulum (er) indicate an
early form but the specific granules (bg) are fairly abundant denoting
some progress beyond the promyelocyte stage This 1s supported by the
fact that the nucleoplasm has at least begun 1its differentiation mto hght
(nl) and dark (nd) areas Mtitochondrta (m) are fairly numerous The
evidence ndicates a stage of maturation leaving the promyelocyte stage
and enternng the myelocyte stage There are irregulantties of density
the speaific granules However these do not conform to the classic pat
tern of the ultrastructure in eosinophilic granules The cell 1s mterpreted
to be a member of the basophilic series n the earliest myelocyte stage

Lower [Case I5 before treatment) 12000 X
This basophilic form 1s in a somewhat earlier stage of development than
the cell above The spectfic granules (bg) are basophilic without definite
ultrastructure and are not numerous A definite membrane secms to sur
round some of them Both mitochondria {m) and large circular and oval
profiles of endoplasmic reticulum (er) are abundant The nucleoplasm
(n1) 15 largely undifferentiated of even density with only a suggestion
of darker nucleoplasm (nd) inside the nuclear membrane All these
characteristics mdicate that this cell 1s a basophilic promyelocyte

emia
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BASOPHILIC FORMS

Basophulic protnyelocvtes Both these cells are m the early stages of de
velopment and possess granules that are largely homogeneous They are
mnterpreted to be basophilic promyelocytes although certamn of ther
characteristics descnibed below cast some doubt on this dentification

Upper [Case 16 before treatment) 12 000 X
The nucleus of this cell with only shight differentianion mto hght (i)
and dark (nd) nucleoplasm ndicates an early stage The specific gran
ules (bg) although numerous are homogeneous and therefore of the
basophilic type But there 1s faint indication of developing ultrastruc

ture within certam of them (bg1) The posstble significance of this s
discussed with the description of the cell below

12000 X

1

Lower (Case 15 befare treatment)
teanl

This cell 15 also an early one as ind d by the shght
differentiatron mnto Iight (nl) and dark (nd) areas and also by the rather
small number of specific granules (bg) Certamn of the granules show
faint developing internal ultrastructure (bg1) This may be the beginmng
of the develop of the ch 1stic ultrastructure of eosinophilic
granules No adeq! critena are p. ¢ ble which would per

it a positive dentification

g
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BASOPHILIC FORMS

Basoplilic promelocytes

Upper {Case I5 before treatment) 14 000 X
This cell 1s a member of the basophxllc series early n its developmental
cycle The y hil les (bg) are con

spicuous but not yet very ‘numerous Note that the denstty of ndividual
granules vanes considerably Profiles of endoplasmic reticulum {er)
are both large and numerous They tend to be @ more conspicuous fea
ture early in differentiition m the basophilic series than m comparable
stages of the neutrophilic senies Mitochondnia (sm) are present The

leopl: 1s largely und 1ated with only a suggestion of a dark
area (nd) wmside a portion of the nuclear membrane

Lower (Case 15 before freatment} 16 000 X
This cell 1s m the same developmental stage as the one above Diag
nostic features are a small number of largely homogeneous basophilic
granules (bg) of varying density numerous large profiles of endoplasmic
retictlum (er) mutochondna (m) and a nuckoplasm (n1) that 1s
largely undifferentiated

emia
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BASOPHILIC FORMS

{Case 15 before treatment) 24 000X
Basophilic myelocyte The specific granules (bg) are typical and numer
ous There ts a membrane around the granules and some suggestion of an
1rregular pattern of ultrastructure within them Above and to the left m
many of the granules there 1s a dense Iine which 1s a cutting artifact
The direction of cut was down and to the night so that the dark portion
of the granule was the first to come 1 contact with the knife Ths effect
occurs whenever the fixed structures are unusually hard Endoplasmic
reticulum (er) 1s abundant and the profiles are large in many cases
Mitochondria (m) are present The nucleus shows well differentiated
nucleoplasm with the hight (nf) and dark (nd) areas mn a tvpical pat
tern The area in the center of the cytoplasm not occpied by basophilic
granules may be due to a tangential cut through the Golgt zone but can
not be positively identified

e
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BASOPHILIC FORMS

Upper {Case 15 before treatment) 16000 X
Basoplilic promyelocyte This cell represents a faiuly early develop
mental stage i the basophihic senies The specnﬁc granules (bg) are
characternsstic but not yet The )l (er) 1s
abundant and the profiles are farly large There are numerous mito-
chondna (m) The nucleoplasm is fairly even in 1ts over all density but
there 15 defimte indication of a dark band (nd) under the nuclear mem
brane This cell 15 sult m the promyejocyte stage but 15 close o a
melocyte

Lower (Case 15 before treafment) 22000X
Basophilic myelocyte This member of the basophilic sertes 15 more ad
vanced than the one above The basophilic granules (6g) are more
numerous and are charactenstic The profiles of endoplasmic reticulum
{er) are very farge and oecupy a considerable portion of the c)mplnsm
Mitochondria (m) are present The Teop!. 1s clearly

nto light (nf) and dark (nd) areas
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BASOPHILIC FORMS

Basopiulic myelocytes

Upper [Case 18b durmg treatment) 12000 X
The nucleoplasm of this cell although not advanced 1n its dfferenttation
defimtely shows indicatton of light (n!) and dark (nd) areas Endoplas
mic retrculum (er) 1s present in large profiles but 1s not abundant The
basophil les (bg) ire and approach the full comple

mcnl This cell 1s at least approaching the myelocyte stage

Lower (Case 18b during treatment) 16000 X
The nucleoplasm of this cell shows defimite signs of differentrating into
hght (nf) and dark (nd) 1eas Endoplasmic reticulum (er) s present
mn large profiles The basophilic granules (bg) are evident the large
ones measuring about 1 . 1n drameter Despite the rather small number
of specific granules n this particular section the ¢ell has probably en

tered the myelocyte stage

g
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MYELOBLASTIC LEUKEMIA

I {acute my acute pranulocytic) Jewh sery
wmmature cell types prudorumate Myeloblasts the most immature cells
of the granulocytic and erythrocyiic serses are sesy common Pramyelo-
cytes myelocytes and early membrers of the erythrocytic senes are also
plenuful

The loblasts hasve the 1 app: of ocytes but
thesr s d by the ¢ ch of thesr
In the true the nucleus 15 large and the nucleo-

plasm \cry hight and of cven density b E

15 frequently seen in the form of flattened sacs (cxstem:xe) As these cells
mature the nucleoplasm becomes darker and may show famt mdication
of differentiation tato light and dark areas although uts full differentia
tson 1s ot reached unnl fate 10 the granulocytic or erythroblastc senes
Mitochondna become very numerous as the cytoplasmic volume n
creases but they decrease 1 number as maturation progresses through
the specific senes

The first recogruzable signs of the transfermation of myeloblasts into
members of the pranulocytic senes 13 of course the appearance of spe
cific granules Among neutrophshic forms the early granules are often
quite chfficult to distingussh from mitochondna because some mitochon
driz seem to becone very small with dense matnces at this stage The

195



transition from myeloblast into the earhest recognizable stage of the
erythrocytic sertes 1s indicated by an ncreased density of both the undif
ferentrated cytoplasmic matrix and the nucleoplasm without any other
vistble change 1n the cell

At the promyelocyte stage the profiles of endoplasmic reticulum while
large and coprous have assumed round or oval shape 1n contrast to the
cisternal form of the myeloblasts In the early stages of the erythrocytic
sertes the cells have retamed the cisternal form of the endoplasmic
reticulum

Among the members of the granulocytic series neutrophiic forms
prevail promyelocytes being the most common and metamyelocytes the
least frequent Granules of the basophiic type (homog ) are
seen 1 some promyelocytes which have been identified as basophilic
although 1t 1s realized that they may be eosinophilic forms whose granules
have not yet developed therr ultrastructure

1t 1s Interesting to note that there 1s a close resemblance between the
myeloblasts 1dentified 1n the following pages and the monoblasts (pages
284 to 303) and lymphoblasts (pages 264 to 279) described m more
detail 1n other sections It appears that the distinction between myelo
blasts and the early blastic forms of agranulocytes 15 no easter 1n electron
microscopy than 1n light microscopy

Electron micrographs of myeloblasts have been published by Bessis
[1 chap X]

REFERENCE

I Bessis M Cytology of the blood and blood formmng organs Grune and Strat
ton New York 1956
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transition from myeloblast mto the earliest recognizable stage of the
erythrocytic series 1s indicated by an increased density of both the undif
ferentiated cytoplasmic matrix and the nucleoplasm without any other
visible change 1n the cell

At the promyelocyte stage the profiles of endoplasmic reticuum while
large and copious have assumed round or oval shape m contrast to the
cisternal form of the myeloblasts In the early stages of the erythrocyne
series the cells have retamned the cisternal form of the endoplasmic
reticulum

Among the members of the granulocytic series philic forms
prevail promyelocytes being the most common and metamyelocytes the
least frequent Granules of the basophilic type (homogeneous) are
seen 1n some promyelocytes which have been identified as basophilic
although 1t 1s realized that they may be eostnophilic forms whose granules
have not yet developed their ultrastructure

It 15 interesting to note that there 1s a close resemblance between the
myeloblasts 1dentified mn the following pages and the monobfasts (pa s
284 to0 303) and lymphoblasts (pages 264 to 279) described i more
detal 1n other sections It appeats that the distinction between myelo-
blasts and the early blastic forms of agranulocytes 1s no easier in electron
microscopy than in hght microscopy

Electron micrographs of myel have been published by Bessts
[1 chap X]

REFERENCE

1 Bessis M Cytology of the blood and blood forming organs Grune and Strat
ton New York 1956
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GENERAL FIELDS

{Case 20 before treatment) 9400 X
Mpeloblasts This field 1llustrates four more or less typical cells of the
chief type charactenstic of myeloblastic leukemia They represent the
cell preceding the specific cells of the granulocytic and erythroblastic
series the myeloblast of the histologists Superficially they resemble
agranulocytes but certan features notably the nuclear density mark
them as immature cells and serve as a means of distinguishing them from
mature lymphocytes and monocytes

The cytoplasm contans a large number of mitochondria () which
are usually small both circular and rod shaped and more rumerous than
n lymphaocytes or monocytes Those 1n the cell at upper nght are larger
than usual Endoplasmue reticulum (er) 1s present Many of the profiles
are fawrly large and many of them appear as elongate sacs a form which
1s not found in mature lymphocytes and monocytes The cytoplasmic
matrix has a generally speckled appearance

The nucler possess conspicuous nucleoli (mu) The nucleoplasm
has an even over all density with httle or no mdication of hght and
dark areas This feature 15 the most reliable index of tmmatunty in
these cells and contrasts markedly with the two denstties charactenstic
of the nucles of mature blood leukocytes ncludimg lymphocytes and
monocytes Among the four cells here illustrated only the one at Jower

Ie t shows any of two d 1 the pl

mia
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GENERAL FIELDS

7200 X

[Case 20 before treatment)
Mjeloblasts The numerous mitochondria () are mostly small and cir

cular The endoplasmic reticulum (er) 1s represented both as profiles of
sacs and in circular form Nucleolt (nu) are conspicuous and the nucleo
plasm 15 of even density indicating an und:fferentiated form The cyto
plasm at N has neutrophilic granules (ng) 1n 1t The large curcular pro
files of endoplasmic reuculum mndicate that this cell 15 still immature

mid
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GENERAL FIELDS

(Case 20 before treatment) 12000 X
Myeloblasts (MB) and erythroblast (NR) The nucler of the myelo
blasts are largely undifferentiated although there 1s slight indication of 3
darker nucleoplasm (nd) inside the nuclear membrane The endoplasmic
reticulum (er) in saclihe formations 1s frequently seen m these cells
Mitochondria (m) are quite numerous and there are no spectfic gran
ules The cell at NR 15 an erythroblast Cells in the erythrocytic series
are readily recogmzable because both cytoplasm and nucleus are p ©
ceptibly darker than these structures in other cells Mitochondria are
present and the cytoplasm contains a large number of granules (g}
which have a matnx as dwuk as that of the undifferentiated cytoplasm
The large number of cytopl in thus cell ind that 1ts
differ has not pr d very far since these inclusions disap
pear as maturity 1s reached

ma
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GENERAL FIELDS

{Case 20 before treatment) 1100 X
Mjeloblasts and neutrophilic promyelocyte (Np)
Note the large nucler and scanty cytoplasm 1 the
myeloblasts They may be compared with the cells
n the electron micrograph on the facing page

[Case 20 before treatment) 11000 X
Typrcal mveloblasts (MB) The nucleoplasm (n) mn the cells at upper
night and lower left 1s fairly even but 1n the cell at upper left there are
distinct Iight (nf) and dark (nd) areas Certain structures in this cell
could be either neutrophilic granules or mitrochondria and 1t 1s there
fore possible that it may have entered the neutrophilic promyelocyte
stage The endoplasmic reticulum (er) of all three cells 1s charactenstic
The mitochondna (m) and sachke endoplismec reticulum (er) of the
mass of cytoplasm at lower night suggest 1 myeloblast Note the large
complex nucleolus (nx) in the cell at lower left

ia
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GENERAL FIELDS

{Case 20 before treatment) 100X
Mjeloblasts and neutrophilic promyelocyte (Np)
Note the large nucler and scanty cytoplasm in the
myeloblasts They may be compared with the cells
1 the electron micrograph on the facing page

{Case 20 before treatment) 11000 X
Typical myeloblasts (MB) The nucleoplasm (n) n the cells at upper
richt and Iower Joft 1e fairly even but in the cell at upper left there are
 (nd) areas Certatn structures 1n this cell
: granules or mitrochondna and 1t 1s there
1ave entered the ncutrophilic promyelocyte
:ulum (er) of all three cells 1s characteristic
sachke endoplasmic reticulum (er) of the
night supgest a mycloblast Note the large

he cell at lower left
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GENERAL FIELDS

(Case 20 before treatment) 11 000X
Mived cell group The myeloblast at MB has typical features Mito
chondria () are numerous and the profiles of endoplasmic reticulum
(er) are large The nucleoplasm 1s largely undifferentiated but there 15
suggestton of 1 dark area (nd) mside the nuclear membrane The large
number of neutrophuic granules {ng) in the cell at N identifics its series

but the remaiming features are not sufficient to determune its stage How

ever the large number of mitochondria suggest th1t it 1s not mature

The cell at NR 1s a nucleated red blood cell Note the high density of
both nucleus and cytoplasm as compared to the other cells The large
number of cytoplasmic inclusions also suggests a fairly early stage

g
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GENERAL FIELDS

{Case 20 before treatment) 7300X
Mjyelobl. (MB) and bers of philic series Compare the

nuclear and cytopl. d 1n the four 1obl. (MB) which
1 spite of the wide range of densities present all possess the character
1stics of therr cell type The nucleoplasm (#2) 1n all of them s essentially
undifferentrated N small hondria () are ch 1541C
The endoplasmic reticulum (er) vanes considerably but its presence in
the form of sacs 1s common The cell at Np 1s probably a neutrophiltc
promyelocyte but the specific granules (ng) are very sparse and difficult
to wdentify with certainty Note the large oval profiles of endoplasmic
reticulum (er) The nucleoplasm 1s undifferentiated There are also two
neutrophilic metamyelocytes (Nmum) present with charactenstically
numerous small specific granules (ng) and well differentiated nucleo-
plasm (n) The nuclear shape suggests banding

mict
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GENERAL FIELDS

{Case 20 before treatment) 7300X
Myeloblasts (MB) and members of neutrophiic series Compare the
nuclear and cytopl. d in the four Tot (MB) which
in spite of the wide range of densities present all possess the character

1stics of therr cell type The nucleoplasm (#) 1n all of them 1s essentially
undifferentiated Numerous small hondria (m) are

The endoplasmic reticulum (er) varnes considerably but its presence in
the form of sacs 1s common The cell at Np is probably a neutrophilic
promyelocyte but the specific granules (ng) are very sparse and difficult
to identify with certainty Note the large oval profiles of endoplasmic
ks lum (er) The nucleop 1s undifferentiated There are also two
neutrophilic metamyelocytes (Nmm) present with charactenstically
numerous small specific granules (ng) nnd well differentinted nucleo

plasm (n) The nuclear shape suggests banding
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GENERAL FIELDS

{Case 20 before treatment) 11000 X
Early stages of zllﬁfrennauon These cells possess numerous mutochon
dna abund; d (er) and I nucleo
plasm (n) of even density Three of them (Np) contain a small number
of what appear to be neutrophilic granules (ng) and therefore are in
terpreted to be neutrophilic promyelocytes At ff there 15 what appears
to be a fibnllar formation (pages 309 and 311) At M8 the cell par
ually visible 15 a myeloblast

na
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GENERAL FIELDS

{Case 20 before treatment) 13 000X
Neutrophilic matiration At Np (above) 1s a neutrophtlic promyelocyte
The specific granules (ng) are not yet numerous and the endoplasmic
reticulum (er) 1s conspicuously large mostly m oval profiles The cell at
Np (below) 1s also a neutrophilic promyelocyte but is further along m
its development The specific granules are more numerous and mito

chondria (m) are shil plentuful Note the essentially undifferentiated
nucleoplasm (7:) 1 both these cells It 1s fatrly even except for greater
density near the nuclear membrane The nucleus of the neutrophilic cell
at middle night 1s fairly clearly differentiated into light (nf) and datk
(nd) areas Ths cell has developed to the pomnt where 1t may be con

sidered a myclocyte The cell at middie left 1s also neutrophilic and 15
even further along 1 tts development as indicated by the very dense
nucleoplasm 1n the small portion of the nucleus present

kemia
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GENERAL FIELDS

[Case 20 before treatment) 8800 X
Duverse cell fvpes At Bp there 1s a basophilic promyelocyte The granules

(bg) are large and hc but not The P
reticulum (er) 1s chiefly found in the form of large round or oval profiles
and hondnia () are ble The P 1s fairly well

differentiated into hight (n!) and dark (nd) areas The cells at MB have
the charactenistics of myeloblasts Note particularly the undtfferentiated

P (n) The f and dria are
typical The cell at NR 15 a nucleated red blood cell as indicated by the
greater density of both nucleus and cytoplasm Note the sacs of endo
plasmic retrculum  The large number of inclusions and th= only shightly
darker cytoplasm indicate that differentiation has not progressed far
Note particularly the well differentiated nucleoplasm with ts light and
dark areas This 1s well established early in differentiation m the erythro
cytic series The cell at lower night with large nucleus and sparse cyto
plasm 1s not identified

kemsa



Lo |

a’ll

."‘»'\!1' £ g‘r

n,f'N %, <\.’<ao' ‘ *

!»J.Si » ” (3‘6 g\
SNEE Seat—er

s .

A /,f.,;" . e

pio v ——g
K._'r::‘ Tyt JL'.‘.L...{-!‘ ‘Lﬁ\. IS
Myeloblastic Levkema / 215



GENERAL FIELDS

{Case 20 before freatment) 13000 X
Atypical myeloblasts and neutrophilic myelocyte The cell at the upper
right has the cytoplasmic charactenistics of a myeloblast but the nucleus
1s well differentiated mto hght (n!) and dark (nd) areas with the latter
chiefly around the nuclear membrane This 1s most unusual for myelo
blasts which customanly have nucleoplasm of even density The sac
Iike profiles of endopl: lum (er) are ch 1stie Note thar
conspicuous appearance i the cell in the lower nght comer which has
other cytoplasmic charactensucs suggesting a myeloblast
The cell at Nm 1s a yte Its d
are a large number of neutmphlhc granules (ng) and nucleoplasm
that has begun to differentiate into light and dark areas The profiles of
endoplasmic recticulum are smaller than 1s usual for this cell type Cells
further advanced m the granulocytic sertes than myelocytes are seldom
seen 1n myeloblastic leukerma

features

kemia
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GENERAL FIELDS

{Case 20 before treatment) 13000 X
Atypical myeloblasts and neurmpluhc myelocyte The cell at the upper
night has the cytopl 1stics of 2 myeloblast but the nucleus
1s weil differentiated into light (ni) and dark (nd) areas with the latter
chiefly around the nuclear membrane This 1s most unusual for myelo-
blasts which customanly have nucleoplasm of even density The sac

like profiles of endop (er) are ch Note their
conspicuous appearance 1n the cell 1n the lower nght corner which has
other cytop char: IStic suggcstlng a myeloblast

The cell at Nm1s a yte Its d hing features

are a large number of neutmphlhc granules (ng) and nucleoplasm
that has begun to differentiate into hight and dark areas The profiles of
endoplasmuc recticulum are smaller than is usual for this cell type Cells
further advanced 1n the granulocytic series than myelocytes are seldom
seen 1n myeloblastic leukerma

emig
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GENERAL FIELDS

(Case 20 before treatment) 7500 X
Ambiguous forms This field was chosen to Hustrate the difficulty some
times ed m d g myelobl from the very early
stage 1n the neutrophtlic series the pmmyelocy(es (Np) This difficulty
arises because myeloblasts have a large number of mitochondria some
of which are very small crreular m profile and so dense that they often
cannot be distinguished from neutrophilic granules
The two cells labeled MB are clearly myeloblasts since they possess
] 1 (n) and mutochondra (m) none of which
could be mustaken for neutrophilic granules The cells labeled Np have
nucleoplasm that 1s in the early stages of differentiation into Iight (nf)
and dark (nd) areas large profiles of endoplasmic retrculum (er) muto
chondnia (m) and what appear to be neutrophilic granules (ng ) How
ever close examnation reveals intergrades of size shape and density
between mitochondria and granules which Jeave the identity of many

of them uncertam

kemia
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GENERAL FIELDS

{Case 20 before treatment) 7500 X
Nucleopl, diff These cells 1l different stages in the
of nucleopl. This one of the important cn

tenia 1n 1dentifymg the devclopmemal status of a cell The nucleoplasm
(n) of the myeloblast (MB) 1s almost entirely undifferentiated having
a fairly even density throughout In the cell at Nm the nucleoplasm has
undergone differentiation mto a dark area (nd) collected close to the
nuclear membrane but the greater part of the mntenor of the nucleus 1s
of light density (nl) The cells at Nmym are more advanced the nucleo-
plasm being clearly divided mto light and dark areas The lower one does
not appear to be so advanced in 1ts differentiation as the upper one which
shows the high contrast between the two denstties characteristic of
mature neutrophils (pages 36 to 47)
Note that the myclocyte (Nm) has large specific granules (ng) and
large profiles of endoplasmic reticulum (er) The metamyelocytes have
smaller zh some large ones are present The
dopl lum 15 Hly absent

emia
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GENERAL FIELDS

{Case 20 before treatment) 11 000X
Early and late stages of diflerentiauon At MB the even density of the
nucleoplasm (n) and the two nucleol: (nu) indicate an early stage The
absence of specific granules suggests a myeloblast The cell at Np has 2
small number of specific granules (ng) moderately large profiles of
endoplasmc reticulum (er) and an undifferentiated nuclews all of
which ndicate a neutrophihc promyelocyte The cell at Nim 1s further
advanced as md d by the diffe pl (nl nd) Al
though the neutrophilic granules (n1g) are not very numerous the nuclear
differenniation indicates that this cell has reached th~ myelocyte stage
The cell at the lower margim has the charactenstics of a mature monoeyte
(pages 78 to 85) except that the nucleoplasm 1s not so well differentt
ated as usual

ema
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GENERAL FIELDS

(Case 20 before treatment) 9700 X
Neutroplulic forms The cell at Np 1s a neutrophilic promyelocyte the
differentiated nucleoplasm (n! nd) of which mdicates that it may be
entertng the myelocyte stage The granules (ng) although large are
interpreted to be The lum (er) and nu
merous hondria (m) are ch 1sttc The mass of cytoplasm
above 1t to the right suggests a cell 1n the same stage At N there 1s 2
cell of the peutrophilic series which is apparently further along in s
development as indicated by the smaller darker granules (ng) and the

darker nucleoplasm (71)

ma
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GENERAL FIELDS

(Case 20 before treatment) 9400 X
Mixed field The cell at MB 1s a myeloblast with mutochondrra (m)
somewhat less numerous than usual endoplasmic reticulum (er) and
even density nucleoplasm (n) with a nucl (nu) The cell at Bp has
large homogeneous granules {bg) which suggest that 1t 3s a member
of the basophilic senies The small number of these granules the large
circular profiles of endoplasmxc retriculum (er) and the nucleoplasm
barely £ mto a dark p (nd) near the
nuclear membrane indicate that st 1s still m the promyelocyte stage The
cell at M has well differentiated nucleoplasm with the dark component
around the nuclear membrane small mitochondria and small profiles of
endoplasmic reticulum  all of which suggest a mature monocyte The
only unusual feature of this cell i1s the nucleotus The cell at lower Jeft
has many large mitochondna and abundant small profiles of endoplasmic
reticulum  the latter feature indicating matunity But there are not enough
distngumishing features to permt 1dentification

2ma
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GENERAL FIELDS

(Case 20 before treatment) 7100 X
Dufferent stages in granuloevuc series Two of the cells Np(1) (2)
are clearly recopmzable as neutrophtlic promyelocytes with undifferent:

ated pucleoplasm (n) a small number of specific granules (ng) and
large profiles of endoplasmic reticulum (er) Later stages in the neutro
philic series are represented in the two cells at Nemm which are mnter
preted to be metamyelocytes because of the large number of small spe
cific granules clear diff of nucleopl: mto two d (nl
nd) and absence of any large profifes of endoplasmic reticufum The
trregulr nuclear shape suggests banding The cell at ¥m(1) although
nuclear criteria are lacking appears to be m the myelocyte stage Thrs
1s indicated by the numerous neutrophtlic granules (ng) many of which
are sull large and the large profiles of endoplasmie reticulum (er) At
Nm(2) there 1s nother neutrophilic myelocyte which shows nuclear
crterta tn the form of light and dark areas Although the number of
granules 1s not large the advanced differentiation of the nucleoplasm and
the nuclear shape suggest that this cell 1s approaching the metamyelo

cyte stage At Np(3) and Nm(3) there are cells whose granules are
somewhat larger than the rest However they are oo numerous to be
basophilic granules These cells are therefore interpreted to be a neutro

philic promyelocyte at ¥p(2) and a neutrophilic myelocyte at Nm(3)

Thelr structural characteristics may be compared to similar cells Np(1)

(2) and Nm(1) (2) elsewhere in the field

ema
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GENERAL FIELDS

(Case 20 before treatment) 7100X
Different stages in granulocyuc sertes Two of the cells Np(1) (2)
are clearly recogmzable as neutrophtlic promyelocytes with undifferents

ated nucleoplasm (n) a small number of specific granules (ng) and
large profiles of endoplasmic reticulum (er) Later stages in the neutro
philic series are represented 1n the two cells at Nmm which are inter
preted to be metamyelocytes because of the large number of small spe

cific granules clear differentiation of nucleoplasm mto two densities (!
nd) and absence of any large profiles of endoplasmic reticulum The
irregular nuclear shape suggests banding The cell at Nm(1) although
nuclear criterta are lacking appears to be in the myelocyte stage This
1s 1nd: d by the pt granules (ng) many of which
are sull large and the large profiles of endoplasmic reticutum (er) At
Nm(2) there 1s another neutrophilic myelocyte which shows nuclear
criteria m the form of Iight and dark areas Although the number of
granules 1s not large the ad d diff of the nucleog and
the nuclear shape suggest that this cell 1s approaching the metamyelo

cyte stage At Np(3) and Nm(3) there are cells whose granules are
somewhat larger than the rest However they are 100 numcrous to be
basophilic granules These cells are therefore interpreted to be a neutro

philic promyelocyte at Np(3) and a neutrophilic myclocyte at Nm(3)

Their structural ch 1stics may be comp d to stmlar cells Mp(1)

(2) and Nm(1) (2) elsewhere i the field

mia
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GENERAL FIELDS

{Case 20 before treatment) 5300 X
Neutrophilic series and myeloblasts (MB) Both the myeloblasts have
undifferentiated nucleoplasm (n1) without hight or dark areas Small mito

chondna (m) are present but in the cell at lower right they are some

what less numerous than usual An unusual feature of these two cells 1s
the almost total absence of endoplasmic reticulum which 1s usually
abundant at this early stage The remainder of the cells are neutrophilic
promyelocytes (Np) They are typical in that the nucleoplasm has only
begun to differenuiate nto hight (#f) and dark areas (nd) the latter being
present chiefly just inside of the nuclear membrane Other features indi

cating an early stage of development are the small number of neutro-
phulic granules (ng) the fairly numerous mitochondma (/) and the
abundant large profiles of endoplasmic rettculum (er) mostly circular
or oval The cell at lower center has a distinct fibnllar formation ()
(pages 309 and 311)

kemia
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GENERAL FIELDS

Neutrophilic promyelocy tes

Upper {Case 20 before treatment) 15000 X
The specific granules (ng) are sparse and scattered randomly and tend
to be large The endoplasmic reticulum (er) 1s present in large profiles
Many of them tend to have a cisternal shape which 1s perhaps an
mdication that this cell has not g far from the myeloblast stage
10 which cisternal profiles are common Mitochondna (m) are evident
The nucleoplasm 1s not well differentrated there being only shight mndi

cation of light (n/) and dark (nd) areas

Lower (Case 20 before treatment) 15000 X
The spectfic granules (ng) 1ire few and randomly distributed The endo
plasmic renculum (er) 1s present in large profiles which tend to be
round or oval and there are numerous mitochondnia (m) There 1s
a Golgi zone (go) The nucleoplasm has undergone some differentiation
into hight (nf) and dark (nd) areas and two nucleoh (me) are present

emia



STEM CELL LEUKEMIA

The name stem cell imphes a forerunner of more spectfic cell types It
1s the same cell type that has been called a myeloblast (hemocytoblast)
1n the section on L Stem cell 15 p

1n a separate section because of the presence of certain cells which have
not been observed elsewhere in the course of this study The first two
micrographs lustrate a typieal field in an untreated case of this leukerma
The electron morphology of these stem cells 1s that of typtcal myeloblasts

and they are therefore so labeled mn the dlustrations Myeloblasts have
been described 1n more detail elsewhere (pages 198 to 231) This is the
charactenstic picture before The phs are
from a patient who had been treated with 40 mg 6—mcrcaptopunne every
2 days for 4 days The predominating cell type the stem cell respons

ble for the d mature stics and does not
correspond to any mher cell type encountered 1 this study Onre field
1s presented from this case (page 243) which suggests a transition from
myeloblast o this supposed stem cell 1n a series of five progressive
forms True myeloblasts are rare 1 this specimen but one field (page
245) illustrates both myeloblast and  stem cell  The remainder of the
section deals with the morphology of this cell type

which according to critena now available 1s a structurally mature  stem
cell

235






STEM CELL LEUKEMIA MICROGRAPHS






STEM CELL LEUKEMIA MICROGRAPRHS



ma

BEFORE TREATMENT

{Case 21) 11000 X
Prinutine cell ype These cells are essentially undistinguishable from
the myeloblasts of myeloblastic leukemia (pages 198 to 231} The
nucleoplasm (n) 1s largely undifferentiated but there 1s suggestion of
an approach to differentiation in the form of scartered arcas of dark
nucleoplasm (nd) located chiefly along the nuclear membrane Nucleoh
(nue) are present The nucler of these cells are generally large and of
fairly even contour (MB1) but they may be quue wregular (MBz)
A hondna (m) are 1n the cytopl: and some endop;
retrculum (er) 1s present The profiles of the latter tend to be small and
not so numerous as those of actively differentrating cclls 1 the granu
locytic series
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BEFORE TREATMENT

[Case 21) 10000 X
Prmune cell tvpe and neutrophilic myelocyte The predominant cell
type in this stem cell leukerma which had not been treated at the time
the bloed sample was taken s labeled AMB m this mucrograph This
notation was chosen because these cells are essentally undistinguishable
from the my of m: bl k {pages 198 to 231) The
nucler are largely undifferentiated (n2) but there 15 a shght tendency
for certain areas of the nucleoplasm to be darker (nd) chiefly around
the nuclear membrane Nucleolt (nu) are present The cytoplasm con
tams numerous mitochondna but no other distmguishing features of
note The cell at Nm 1s a member of the neutrophilic series with spe
cific granules (n1g) and is probably about midway along in 1ts develop-

ment
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DURING TREATMENT

{Case 22) 9900 X
Cells suggesting transition from myeloblasts 1o stem cells The cell at
MB shows very little nucleoplasmic differentiation (n) the surest sign
of an early stage 1 any cell series It has the same charactenstics as
the myeloblasts of myeloblastic leukema by the standards of light mi
croscopy There are four other cells in the field which have the char
acteristics of stem cells  whose nucleoplasm seems to represent a
progressive differentiation mto light (n!) and dark (nd) areas The cell
at 81 appears to be 1n an early stage of nucleoplasme differentiation but
already has the general appearance of a stem cell However 1t 15 not
far removed 1n appearance from the myeloblast (MB) The cells Jabeled
S2 S3 and S4 are interpreted to represent further progressive stages
leading to the mature stem cell type illustrated on subsequent pages
§4 bemng a1 or close to the typical appearance {pages 245 to 253 257
and 259)

The cell at U 1s an unknown form that ments special attention be
cause of 1ts peculiar structural features and the fact that it represents 4
type fairly frequently observed m these preparu!mns Note that the dark
area of the pletely surrounds a light
area This sometumes occurs mlh very httle accompanying cytoplasm
to such an extent that pracucally only the nucleus 1s visible This results
m a centrally located light area of nucleoplasm that could be mistaken
for cytoplasm In this cell the mitochondna (m) are swollen and have
clear matrices

Elsewhere mn the field are neutrophilic forms One appears to be a
myclocyte (Am) and th~ other two are metamyelocyles (Nmm)
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DURING TREATMENT

{Case 22) 9900 X
Cells from nueloblasts to stem cells  The cell at
MB shows very httle nucleoplasmic differentiation (213 the surest sign
of an early stage 1 any cell sertes It has the same charactenistics as
the myeloblasts of myeloblastic leukemua by the standards of ight m
croscopy There are four other cells in the field which have the char
actenistics of stem cells ™ whose nucleoplasm seems to represent a
progressive differentiation into hight (n!) and dark (nd) areas The cell
at S1 appears to be 1 an early stage of nucleoplasmic differentiation but
already has the general appearance of 3 stem cell  However 1t ts not
far d 1n app from the myeloblast (A7B) The cells labeled
5. S3 and S.4 are interpreted to represent further progressive stages
leading to the mature stem cell type tllustrated on subsequent pages
S84 being at or close to the typical appearance (pages 245 to 253 257
and 259)

The cell at U 1s an unknown form that mertts special attention be
cause of 1ts peculiar structural features and the fact that 1t represents a
type farrly frequently observed m these prepamuons Note that the dark
area of the diffe pletely surrounds a lght
area This sometimes occurs \mh very hittle accompanying cytoplasm
to such 1n extent that practically only the nucleus 15 visible This results
1 a centrally located light area of ucleoplasm that could be mustaken
for cytoplasm In this cell the mitochondna () are swollen and have
clear matrices

Elsewhere m the field are neutrophlic forms One appears to be a
myelocyte (Nm) and the other two are metam)elocytes (Aemm)
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DURING TREATMENT

(Case 22) 9300X
Myeloblasts and  stem cells At the bottom of this field there 1s a cell
(MB) which has the same appearance as the myeloblasts observed tn
myeloblastic leukemia (pages 198 to 231) Note that the nucleoplasm
(n) 1s largely undifferentrated except for the nucleolus (mu) The cyto
plasm 1s moderately dense and dna (m)
The cell at § has the typical stem cell appearance cxcept that the

leop 1s not so p y divided 1nto light and dark areas
as in many stem cells It should be compared with the myeloblast
(MB) There 1s nothing about the cell at L that serves to distinguish it
from a mature eosinophil Note however the messy and disorgamized
appearance of the spectfic granules (eg) a typrcal siteation mn this par
ticular case which may have resulted from the treatment The neutro
philic forms present are either myelocytes (Nm) or metamyelocytes
(Nmm) and show no unusual features (sce pages 166 to 173 for

criteria)
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DURING TREATMENT

(Case 22) 6500 X
Muluple cell types A wide variety of cells are found in this particular
specumen The predominating type 1s the stem cell (S) withits nucleus
often of irregular contour well diff

mto light (n!) and dark (nd) areas The cytoplasm contains conspicuous
although not particularly numerous mtochondria (m) which fre
quently have Jucid matrices The undifferentiated cytoplasm s finely
speckled and rather dense Note how the contrast between the nucleo
plasmic densities differs from cell to cell

A mature lymphocyte (L) 1s present and contrasts markedly with the
nucleated erythrocyte (NR) both i nuclear pattern and in cytoplasmic
density Note that the density of the cytoplasm of the stem cells s
between the extremes rep d in the lymph and the nucleated red
blood cell Several members of the neutrophilic series can be recogmized
Those at Nmm are metamyelocytes and that at N 1s apparently a mature
neutrophit Also present are blood platelets (T) erythrocytes (R) and
fibrin (fb)

Ths field 1s from a nearby section of the same specimen close to the
field on page 249 Certamn of these cells including the mature lymphocyte
(L) appear in both fields This helps idennfy the cell labeled Emm
as an eostnophilic metamyelocyte







DURING TREATMENT

{Case 22) 6500 X
Mixed field This low power field contams a large number of cell types
The cells labeled S are umque to this type of leukemia and despite
certait contradictory features of ultrastructure described elsewhere
(pages 256 to 259) are designated stem cells In general they are
characterized by nucler of rather wregular contour with nucleoplasm
that 1s clearly differentiated into light (n!) and dark (nd) areas The
most consprcuous feature of the cytoplasm is the mutochondnia (m)
which have very dense cristae and nearly transparent matrices The
cytoplasm 1s more or less speckled usually without conspicuous endo
plasmic reticulum However some cells of this type may have large
profiles of endoplasmic reticulum (er) as m the cell in the lower nght
corner

Other cells present mclude an eosinophilic metamyelocyte (Enim}
which 1s typical except for the disorganized appearance of the specific
granules (eg) A mature lymphocyte at L has the charactenstically lucid
cytoplasm which distinguishes the lymphocytic series from other cells
The cell at NR 1s an early stage m the erythrocytic series The cytoplasm
15 of more even density and somewhat darker than that of other cells
and the nucleoplasm at this stage has distinctly differentiated light and
dark areas Although superficially resembling the stem cells it can be
distinguwished by the more even density of 1ts cytoplasm the regular con
tour of 1ts nucleus and the distinctly different pattern of differentiation

Also present in this field are erythrocytes (R) blood platelets (7}
and fibrin (f6)






DURING TREATMENT

{Case 22} 7500 X
Stem cell varations This field Hllustrates a number of stem cells
{S) and neutrophslic forms (Nm Nmm N) all of which have developed
to the myelocyte stage or beyond The stem cells are typical but the
one at S1 appears to be about midway along m the differentiation of 1ts
nucleoplasm (n) Those at . and §3 have nucleoplasm that approaches
more nearly the usuval appearance The neutrophilic forms have no
unusual features that at N apparently bemg a mature neutrophil The
metamyelocytes (Nmm) show signs of banded nucler and the myelocytes
have cither rounded nucler (Nm1) or large profiles of endoplasmic
reticulum (er) (Nm..) The cell at L appears to be a mature Iympho
cyte although the nucleoplasmic contrast 1s more clearly established

than usual (see pages 64 to 77)
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DURING TREATMENT

{Case 22} 10 600 X
Stem cells and members of neutrophilic series The cells labeled S
are typical of their kind Charactenstic features are the well differentiated
nucleoplasm with conspicuous Iight (n!) and dark (ud) areas and finely
speckled cytoplasm of moderate density with conspicuous mitochondria
(m) Nuclear contour may be quite irregular
The cell at Np has largely undifferentiated nucleoplasm (n) numerous
mitochondna (m) large profiles of endoplasmuc reticulum (er) and
two small areas of granules (ng) which appear to be neutrophilic All
these characteristics suggest a neutrophtlic promyelocyte At Nm a some
what later stage 1s represented 1n which the nucleoplasm 1s differentrated
mto light and dark areas Although the number of neutrophihic granules

(ng) may not rep the full ! they are enough
to indicate that the mye]ocyte stage has been reached a conclusion sup
ported by the I ion The

1 Note the ad d

of the neutrophilic sertes (Nmm) are
nucleoplasmic differentiation the large number of granules many of
which are small and the nuclear contours suggesting banding The
endoplasmic reticulum 1s also reduced
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DURING TREATMENT

{Case 22} 10000 X
Early developmental forms Although no  stem cells are present un this
field 1t serves to lustrate some of the immature forms encountered tn
this treated case The cell at Bm 1s a member of the basophtlic series
as indicated by the lack of ultrastructure within the granules (bg)
Nucleoplasmic differentiation has progressed to recogmzable light (nl)
and dark (nd) areas and there are numerous large profiles of endo-
plasmic retrculum (er) This cell 1s entering the myelocyte stage At
Emm 1s an eosinophlic metamyelocyte with typical structural features
The granules (eg) appear to be i poor condition a common finding
1n this particular case The neutrophihe forms are found 1 the myelocyte
(Nm) and metamyelocyte (Nmm) stages (for cnitena see pages 166 to

173)
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DURING TREATMENT

{Case 22) 10000 X
Early developmental forms Although no stem cells are present in this
field 1t serves to illustrate some of the immature forms encountered
this treated case The cell at Bm 1s a member of the basophilic series
as indicated by the fack of ultrwstructure within the granules (bg)
Nucleoplasmic differentiation has progressed to recognizable light (nf)
and dark (nd) areas and there are numerous large profiles of endo
plasmuc reticulum (er) This cell 1s entering the myelocyte stage At
Emm 1s an eosinophilic metamyelocyte with typical structural features
The granules (eg) appear to be in poor conditton a common finding
in this particular case The neutrophific forms are found 1n the myelocyte
(Nm) and metamyelocyte (Nmm) stages (for criteria see pages 166 to

173)
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DURING TREATMENT

(Case 22) 16000 X
Stemcells  The cytoplasm s of medium density Endoplasmic reticulum
(er) 1s sparse and where present 1s found cheefly in the form of profiles
of flattened sacs Mitochondria (m) are fawly numerous and mostly
round but rod shaped forms exist The nucleoplasm shows a high degree
of differentiation mnto hght (al) and dark (nd) areas In general the
dark component forms an irregular and often mcomplete band around
the nucleus mside the nuclear membrane with srregular and apparently
isolated clumps located anywhere 1n the nucleus
Although the stem cell 1s generally regarded as an early and very
immature form capable of giving rise to mature cells through the granu
locytic and erytiroblastic series practically all the structural features
of these cells are charactenistic of matunity The only other cell type
possessing comparable nucleoplasmic differentiation before final matunity
15 the erythroblast (sce pages 338 to 343) The cytoplasm of these cells
aIthOUgh a less reliable indicator of matunity does not possess the copious
r which 1s so p in many early forms
For other puzzling features of tis cell type see page 259
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DURING TREATMENT

Stem cells Both these fields illustrate typical cells identfied as stem
cells by the critena of light microscopy 1n this clinically treated stem cell
leukerma
Upper [Case 22) 23 000X
The rather dense cytoplasm o h 1a (m)
which are well rounded and sparse endopl,xsmlc reticulum (er) 1n the
form of flattened sacs The nucleoplasm shows a high degree of differ
entration mto hght (n/) and dark (nd) areas The dark component 15
well scattered throughout the nucleus as well as formmg an 1rregular
band inside the nuclear membrane

Although supposedly a primitive cell ty pe 1dentical with the myeloblast
these cells have charactenistically mature ultrastructure and do not at
all ble the myelobl: of the myeloblastic leukemras (see pages

198 to 231) which are typcal undifferentiated cells

Lower {Case 22) 18000 X
This stem cell has the usual moderately dense cytoplasm sparse sachke
endoplasmic reticulum (er) and round or oval mllmhondna (m) The
irregutar nuclear contour and ad 2]

(nl nd) are both typical Although this cell type h:ls mature structural
features 1t 1s different from any mature leukocytes of normal blood (see
pages 15 to §7) or indeed from any cell type observed i any of the
leukemas descnbed 1 this volume
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BURING TREATMENT

Stem cells  Both these fields illustratc typrcal cells identified as stem
cells by the erteria of hght microscopy m this clhimcally treated stem cell
leukenua

Upper [Case 22) 23000X
The rather dense cytoplasm contains conspicuous mitochondna {rm)
which are well rounded and sparse endoplasmic reticulum (er) n the
form of fl d sacs The leopl. shows a high degree of differ
entiation 1into lght (af) and dark (nd) areas The dark component 15
well scattered throughout the nucleus as well as forming an irregular
band inside the nuclear membrane

Although supposedly a primutive cell type 1dentical with the myeloblast
these cells have charactenstically mature ultristructure and do not at
all resemble the myeloblasts of the myeloblastic leukemtas (see pages
198 to 231) which are typrcal undifferentiated cells

Lower (Case 22) 18000 X
This stemcell has the usual moderately dense cytoplasm sparse saclike
endoplasmic reticulum (er) and round or oval mlmchondna {m) The
irregular nuclear contour and ad d Teopl:

(nl nd) are both typical Although this cell l)pc has mature structural
features 1t 1s different from any mature leukocytes of normal blood (sce
pages 15 to 87) or indeed from any cell type observed m any of the
leukemuas described 1 this volume
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LYMPHOCYTIC LEUKEMIA

The specimens of buffy coat from Iymphocytic leukemia exammned in
this study have a high proportion of )mmature forms recognizable by
the T d nature of the p!. and a g amount
of cytoplasm of very low density Nucleoplasmic differentiation into dark
and hght areas present in a few of the cells 1s the chief mndication of
progress toward matunty Reduction of cytoplasm s an added indication
but 1s not particularly reliable since mature forms often contain con
siderable cytoplasm

In one case of sub: I ftlobed

lymp nucler were
present Examples of these cells are 1llustrated on pages 277 and 279
The extremely irregular nuclear contours are emphasized by the thinness
of the sections

A bnef account of sectioned cells 1n lymphocytic Jeukermia has been
presented by Bernhard and Leplus {11 The present status of lympho-
cytic leukerma has been reviewed by Bessss [2 chap XII]

REFERENCES

Bernhard W and R Leplus Perspectives nouvelles en cytologie sanguine
Institut de Recherches sur le Cancer Gusta e Roussy Vallesuif

Bessis M Cytology of the blood and blood forming organs Gruoe and Strat
ton New York 1956
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GENERAL FIELDS

[Case 26 after treatment) 1100 X
Smear of buffy coat A few mature lymphocytes
(L) are present, but the remainder of the cells
are immature lymphocytic forms

(Case 26 after treatment) 4900 X
Developmg hymphocyuc forms This is a typeal low power field With
the D of 1 erythrocytes (R) the cells are all members
of the lymphocytic sertes These cells have large usually well rounded
nucler with nucleoplasm (n) of even density There are occasional
nuclcoll (nu) which are of only shghtly greater density than the sur

The pl is sparse and very light with

hondna (m) Higher 1s required for the

demonstrition of finer cytoplismic detail (prges 273 to 279)
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GENERAL FIELDS

{Case 26 after treatment) 4900 X
Cells of lymphoblastic series The well rounded nucler with occastonnl
nucleol (me) have a typically even density of nucleoplasm (7) with little
suggestion of differentintion into a mature nuclear pattern A very con
spicuous and constant feature of these cells 15 the very hght undifferent
ated cytoplasm which contrasts with the high density of the contained
mitochondnia (m) The size and density of the mitochondria may vary
considerably from cell to cell (m1) or even In the same cell (m2) Other
cytoplasmie structures are too small for identification at this Jow Jevel of
magmfication An erythrocyte (R) 1s also present

emia
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GENERAL FIELDS

(Case 26 after treatment) 6100X
Immature lymphocytes There 1s a P lack of d of
nucleoplasm (n) In mature lymphocytes of normal blood there are
Iight and dark areas of nucleoplasm (pages 64 to 77) In the cells here
dlustrated there 1s only a faint of nucl

nto light (n!) and dark (nd) arcas In most other leukocytic forms this
15 an indicanon of immatunty and it probably is here also However it
1s difficult to judge their stage of development since the mature condition
does not present strong contrasts or coherent orgamzational patterns
Some erythrocytes (R) are present

g
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GENERAL FIELDS

(Case 26 aftfer freatment) 9800 X
Lymphoblasts The cells m this field are typical of those that make up
the extremely large buffy coat in the lymphocytic leukemias The nuclet
are large and well rounded and possess nucleoplasm of even density (#)
and occasional nucleolt (nu) The generally clear and very light cyto
plasm contamns numerous hondria (m) Endop!: (er)
1s present but not consprcuous both as large pruﬁles and as aggregates of
extremely small ones Since these cells do not possess the morphologte
charactenstics of the mature lymphocytes of normal blood they must
be interpreted as lymphoblasts Two o[ thexr structural features suppon
thts mterp the und L and the

large proﬁles of endoplasmic reticulum

emia
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GENERAL FIELDS

{Case 26 after treatment) 9800 X
Tyvpical hmphoblasts The most notable feature 1s the undifferentiated
nucleoplasm (1) which 1s of even density throughout A second indica
tion of 1ty 1s the oc of large circular or oval
profiles of endoplasmic reticulum (er) Other notable features of these
cells are the nucleol (nu) and the conspicuous mutochondra (m) The
cytoplasm except for the hondna and 1 B
unusually clear Jt 1s the most Jueid cytoplasm found in any of the
leukoeytic forms mature or otherwise Some erythrocytes (R) are

present

mia
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GENERAL FIELDS

(Case 26 after treatment) 9800 X
Typical Iymphoblasts The most notable feature 15 the undifferentiated
aucleoplasm (1) which 1s of even density throughout A second tndica
uon of immatunty 1s the common occurrence of large circular or oval
profiles of endoplasmic reticulum (er) Other notable features of these
cells are the nucleob (nur) and the conspicuous mitochondna (im) The
cytoplasm except for the hondria and endopl: 1 1s
unusually clear It 1s the most lucid cytoplasm found in any of the
leukocytic forms mature or otherwise Some erythrocytes (R) are

present

mig
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GENERAL FIELDS

(Case 26 affer treatment) 17 000X
Atypical ultrastructure These cells are typcal lymphoblasts which are
somewhat more p through cemtnifugation or than
1s uswal Their nucler show the even density of nucleoplasm (n)
Mitochondnia (m) and profiles of endoplasmic reticulum (er) are
scattered in very Iight cytoplasm O ly a fibrillar app )
1s observed m the cytoplasm of these cells Since 1t »s not a constant
feature of therr ultrastructure 1t may be a fixation artifact

emia






MULTILOBED NUCLEI

{Case 30 before treatment) 21 000X
Immature lymphocyvie In some cases of lymphocytic leukemna cell forms
are observed which have nucler of very complex contours that are re
ferred to as mulufobed The extreme comvolutions of the nucleus i this
field arc characterstic of this type of cell The even density of the

leopl (n) indicates an form Mitochondria (/) and
endoplasmic reticulum (er) are present The cytoplasm 1s Inpht and
generally clear as 1s charactersstic of lymphocytes

kemia
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MULTILOBED NUCLEI

(Case 30 before treatment) 23 ODO X
Lymphocyte This cell 1s typrcal of the multilobed cells that
occur 1 the lymphocytic leukermas The extremely convoluted nuclcus
1s emphasized by the thin section The differentiation of the nucleus into
Ight (n1) and dark (nd) areas and the sparse cytoplasm both ndicate
maturity

The unusually clear areas in the matrix of the mstochondrion (m) are
not uncommon 1n these preparations

o









MONOBLASTIC LEUKEMIA

The monoblastic leukemias serve o afustrate the developmental stages 10
the monocytic seties The forms here sliustrated represent chiefly the
eadly blasti~ forms o chromie form such as mught possess mature cells
B kno v fo exist

There 55 often an of the plasma D m the leuke
mas This ts probably responsible for the precipstated proten i most
of the low power micrographs of thus section However m eepung with
a polwy of munimal operations on the blood samples both before and
after fixation no attempt was made fo ehminate 1t It does not sppear
10 have affected the quahty of the preparations except by giving a mottled
appearance to the background

The moneblasts which prevait e these preparations are readily recog
nzable as smmaturc forms by the undifferentiated nature of thewr nucleo
plasm The cytoplasm s umformly darker and xhe nuch uniformiy
hihter than the ¢ ateas m the ymphocytes found
0 seme of the fields Otkerwisc monoblasts have no particular char
actersstics that aught disungussh them from other culls of the agranuio
eytic group

Auer bodies which are sometimes found 1 acute foukemns are
present i these preparotions and are descrsbed on pages 200 304 and
306 Ther external form mav vary considerably but the trend 1s toward

281



a rod shaped structure crrcular m cross section However dumbbell
shaped Auer bodies have been observed (page 305) There 15 famt
suggestton of internal ultrastructure n some of them in the form of
granules and vaguely linear areas but there seems 10 be no umformty
Their nternal make up represents at best a poor level of structural
organization

Certain structures found i monoblasts 1 these cases and descrbed
by Bessis and Breton Gorus [2] as  crescentic areas  have been illus
trated (pages 299 303 309 311) Since haphazard plane of section can
change the apparent shape of any formed element except a sphere 2
name 1mplying a certamn shape 1s an unfortunate descriptive choice Jt
was therefore constdered advisable 1o refer to these structures as fibrillar
formations since they appear to be essentially aggregates of fine fibers
It 1s particularly interesting that the area of cytoplasm enclosed by them
has a distinctly different texture from that of the remaining cytoplasm of
the ccll These fibrillar formations have been observed in other cell
types (pages 151 165 211 231} 1a the course of this study

The monoblastic Teukemias have received hittle attention 1n electron
microscopy The present status of our knowledge has been reviewed by
Bessis [1 chap XHI}

REFERENCES

1 Bessis M Cytology of the blood and blood forming organs Grune and Strat
ton New York 1956

2 Bessis M and J Breton Gorus Examen ay microscope electromique des
cellules des leucernies myeloides Bull Micr Appl 5 9~11 1955






GENERAL FIELDS

[Case 34a before treatment) 5900 X
Blast formis of monocy tic series This micrograph presents a typrcal low
power field from the bufly coat 1n 2 monoblastic leukema The granular
appearance of the extracellultr background 1s due to precipstated protemn
It may be traceable to an excess of protein in the blood plasma The gen
cral appearance of this precipstate 1s that of a blood clot without fibun

Most of the cells in this field are monoblasts (AMB) These have
nucleoplasm (n) of fairly even density except for prominent and very
dense nucleol (nu) These cells may be distinguished from mature ntono
cytes by the fact that there 1s Iittle or no tendency for dark nucleoplasm
(nd) to collect subjacent to the nuclear membrane (pages 78 to 85)
The cell labeled MB({) 1s nearly mature It is difficult to distinguish 1t
from a mature monocyte

This micrograph also contains erythrocytes (R) Three lymphocytes
(L) are recognizable by their hight cytoplasm More detailed eriteria
for distinguishing lymphocytes from monoblasts are given on pages 292
and 293

rma
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GENERAL FIELDS

{Case 34a before treatment} 6900 X
Cytology of monoblasts With the exception of erythrocytes (R) all
the cells n this field are The cytoplasm contains

small mitochondnia (m) which are mostly oval or round The cyto
plasmic density varies from cell to cell but 1s not a useful criterion n
determiming cell age The nucleoplasm of the monoblast 1s of fawuly
untform density except for the very dense nucleolt (nu) Two distinct
densities of undifferentiated leop are not developed until the
cell approaches a matunty not present to a marked degree 1 any of
the cells in this field These cells should be compared with those mn the
fields wlustrated on pages 285 291 295 and 30! which include both
early and late forms

ma
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GENERAL FIELDS

[Case 35b after treatment) 9000 X
Group of monoblasts Most of them appear to be in the middie stage of
development This 1s mndicated chiefly by the nucleoplasmic denstties
which although fairly uniform throughout show definte mdication of
both light (nl) and dark (nd) areas In the course of differentiation the
dark areas first appear closc to the nuclear membrane and later are
found 1 irregular clumps Some of these extend into the nucleus Most
of the dark nucleoplasm 1s close to the nuclear membrane 1n these cells
but there are some centrally located clumps Numerous mitochondna
(m) are present in all the cells Endoplasmic reticulum (er) 1s con

sprcuous n some and scarcely visible 1n others One of the cells at Jower
center possesses a distinct fibnillar formation (ff) At top left 15 a
lymphocyte (L) the cytoplism of which 1s very light and contrasts
with that of the monoblasts

i
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GENERAL FIELDS

(Case 34a before treatment) 100X
Monoblasts with Auer bodies (ab) Note the light
nucleolus (nu) A lymphocyte (L) 1s also present

(Case 34a before treatment) 7100 X
Thvpical monoblasts (MB) Except for the one at MB(J/) they appear
to be in the middle stage of develop with Iittle tend for dark
nucleaplasm to collect under the nuclear membrane An Auer body
(ab) 1s viaible in the cytoplasm of one of them The nucleals (nu} are
charactenstically darker than the surrounding nucleoplasm The reverse
1s true n light micrographs as illustrated above The cell parally
vistble at the top of the ficld 1s a neutrophil (V) and ats nuclear denstties

are charactenistic (pages 36 to 47)
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GENERAL FIELDS

{Case 342 before treatment) 8100 X
Monoblasts (MB) and hmphocytes (L) The nucleoplasm (n) of the
lymphocytes 1s much denser than that of the monoblasts The lympho
cytic cytoplsm 1s 1 general fess dense than that of the monoblasts and
contans fewer mutochondria  The relative nuclear densities are useful
critenia for disunguishing between the<e cell types But comparisons of
celfs should be restricted to 1 single ficld since the range of densitres
may vary considerably among different specimens The cell at AfB(1)
1s nearly mature as indicated by the densc nucleoplasm (nd) coliected
under the nuclear membrane and even extending in clumps deep into

the nucleus

na
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GENERAL FIELDS

(Case 34a before treatment) 8100 X
Monoblasts (MB)Y and lymphocytes (L) The nucleoplasm (n) of the
lymphocytes 1s much denser than that of the monoblasts The lympho
cytic cytoplasm 1s n general less dense than that of the monoblasts and
contamns fewer mitochondna The relative nuclear densitics are us~ful
criterta for disunguishing between these cell types But compansons of
cells should be restricted to a single field since the range of densities
may vary considerably among different specimens The cell at MB(!)
1s nearly mature as indicated by the dense nuchoplasm (nd) collected
under the nuclear membrane and even cxtending 1n clumps decp 1nto

the nucleus

mia
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GENERAL FIELDS

(Case 34a before treatment) 7100X
Multiple cell npes This field contains monoblasts (MB) a lymphocyte
(L) and a plasma cell (P) The large oval nucleus Iight nucleoplasm
and sparse cytoplasm of the cell at MB(e) suggest an early form The
T der of the t are app y i ther mddle stage of
development except possibly the one at AfB({) which shows a greater
density of nucleoplism near the nuclear membrane The distinction be
tween lymphocytes and monoblasts 1s given on page 292 Plasma celis
are described 1n greater detail elsewhere (pages 315 316 and 318 to

333)
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GENERAL FIELDS

{Case 34a before treatment) 9300 X
Early forms The cells i this field are monoblasts whose structural
features suggest a largely undifferentiated condition This 1 evident
chiefly in the nucler whose nucleoplasm (n) has a fairly even density
throughout There 1s only fant of dark pl (nd}
and this 1s all close to the nuclear membrane The development of these
areas represents the first recognizable step in nuclear differentiation Note
the conspicuously dense nucleols (ne) The cytoplasm of these ceils con
tams typically abundant mitochondria (sn1) most of which are small and
well rounded The cytoplasm itself has a generally speckled nppearance
largely due to random scattering of Palade granules These are howesver
too small (about 130 A) to resolve indndually at this fevel of magnt
fication There 1s some endoplasmuc reticulum (er) present but it 1s rot
a conspicuous feature of these particular cells

emic
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GENERAL FIELDS

{Case 35e after treatment) 14000 X
Monoblasts The cytoplasm of the cell at upper left has a speckled ap
pearance largely due to randomly scattered groups and clumps of Palade
granules (pg) There 1s no discernible endoplasmic reticulum 1n this
cell The nucleoplasm (1) has some suggestion of two densities The dark
areas (nd) are located mamly subjacent to the nuclear membrane but
some clumps are deep 1n the nucleus The oval area in the center of the
nucleus 15 cytoplasm contammng a mitochondrion (m) where the section
passed through a nuclear indentation

The cell at lower right hondna and Palade
granules Within the curvature of the nucleus there 1s a famntly recogmza
ble fibnillar formation (ff) (see pages 309 and 311) Note that the cyto
plasm within the cunature of the nucleus and the fibnillar formaton
differs in texturc from the of the cytop! This d!
15 more striking mn the cell illustrated on page 309 The nucleoplasm
presents no special features and 1s comparable to that of the other cell
An erythrocyte (R) 1s present

ema
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GENERAL FIELDS

(Case 34a before treatment) 13000 X
Monoblasts i distmethy different stages of differentiation The lower
one at AMB(¢) his 2 turly even nuclear density without marked con
centrition of dense nuclcoplism near the nuclear membrane It represents
1n early stace of development The one above 2t AfB(/) has both heht
(nfy and dark (nd) nuclerwr densities As 1s charcterstic of maturiny
nucleoplism the gre iter denstty is collected cheefly close to the nuclear
membrane  Althourh the cytoplism of thesc two cells differs n detal
there are no cytoplsnue features mn either codl useful i judeing the

stage of development
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GENERAL FIELDS

{Case 34a before treatment) 13000 X
Monoblasts i disunctly different stages of differenttanon The lower
one at MB(e) has a farrly even nuclear density without marked con
centration of dense nucleoplasm near the nuclear membrane It represents
an early stage of development The one above at MB({) has both Iight
(nl) and dark (nd) nuclear densittes As s charactenstic of maturing
nucleoplasm the greater density 1s collected chiefly close to the nuclear
membrane Although the cytoplasm of these two cells differs in detal
there are no cytoplasmic features 1 either cell useful i judging the
stage of development
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! GENERAL FIELDS

(Case 34a before treatment) 100X
Typical monoblast If a thin section passed
through the cell in the direction indicated by the
arrow two Iobes of the nucleus would appear in
the section but the Auer bodies (ab) and the
nucleoh (nu) would not be present This would
result 1n essentially the appearance on the facing

page

(Case 34a before treatment) 22 000 X
Structural features of monoblast The cytoplasm 1s well populated with
mitochondria () most of which are round or oval None exceeds 06
1n length and most measure 02 to 03 p Profiles of endoplasmic rett
culum (er) are present but they are small and are not conspicuous The
der of the cytopl 15 g Ily speckled 1ts over all appearance

resembling that of a mature monocyte At ff there 1s a famt but defimite
fibrillar formation This feature of the monoblasts 1n thts type of leukemia
1s described 1n greater detail on pages 308 and 310

The nucleoplasm (n) has largely a single density without definite
patterning into hght and dark areas There 1s however some indrcation
of a darker nucleoplasm (nd) near the nuclear membrane This repre
sents the first recognizable approach to the mature nuclear pattern

1a
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AUER BODIES

(Case 34a before treatment} 1100X
Monoblast contatning Auer body (ab) lts rod
Iike shape corresponds to the lower night illustra
tion on the facing page

Ultrastructure of Auer bodies

Upper (Case 34a before treatment) 16000 X
Ths cell 1s a typrcal monoblast contamnng an Auer body (ab) in the
cytoplasm This particular one 1s probably cut 1n cross section as the
Auer bodies are more likely to be rod shaped The remamder of the cell
has typical features The generally even density of the nucleoplasm with
only famt suggestion of darker material (nd) at the nuclear membrane
mdicates a fairly early developmental stage

Lower left (Case 34a before treatment) 27 000X
This Auer body which 1s about 3 2 y long 1s unusual for the swelling
about 0 75 . wade along 1ts extent The shape of Auer bodies although
most often rodlike 1s subject to considerable vanation Note that there
1s some indication of internal ultrastructure i the form of a longitudinal
rod of shghtly greater density than the remamder of the structure It
does not participate 1n the lateral swelling and 1s about 0 15 p wide

Lower night (Case 34a before treatment) 41 000 X
The rodlike shape of this Auer body 1s typical It 1s about 04 p wide
and at least 2 5 x long but since the lower end apparently passes out of
the plane of section this measurement 1s probably short There 1s some
mdication of linear internal ultrastructure The constderable vanation
m density 1s probably a sectioning artifact Numerous Auer bodtes appear
to have some ternal ultrastructure but its form 1s not constant and 1t
ts never very clear Such structural organizations if they exist are very

vague
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AUER BODIES

Ultrastructure of Auer bodies

Upper left (Case 34a before treatment} 27000X
The large oval Auer body above (ab1) 1s charactenstic in that although
1t shows some signs of internal structure the contrasts withmn it are
not high and the organization 1s poor Portions of 1t are faintly speckled
suggesting granules There 15 a hinear formation extending longitudinally
through the center but this 1s streaky and indefimte The smaller Auer
body (ab2) shows ly the same ct 1stics Numerous mto
chondnia (m) and a Golg: zone (go) are present

Upper right (Case 34a before treatment) 27 000X
This Auer body (ab) 15 smooth and regularly oval and seems to be
surrounded by a poorly orgamized membrane There 1s an irregular m
clusion of slightly greater density within 1t and fant suggestion of
granularity A portion of the nucleus (n) 1s present

Lower left (Case 34a before treatment) 67000X
The Auer body (ab) occupying most of the field measures about 0 35 by
135 ;2 The small granule at g has comparable density and its margins
resemble those of the Auer body It1s about 0 1  wide Note the mito
chondna (m) and a portion of the nucleus (#)

Lower right (Case 34a before treatment] 28000 X
This elongate Auer body measures about 04 by 18 » The direction of
cut during sectioning was upward to the left This accounts for the very
dense margin along the lower right extent of the Auer body which 1s
an indrcation of hardness A large portion of the nucleus (1) 15 visible

g
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FIBRILLAR FORMATION {CRESCENTIC AREAS)

Monoblast with lughly developed fibnillar formation Structures of this
sort have been described (see page 282) and called crescentic areas
but this name has not been adopted because they are only occasionally
seen as crescents Their actual configuration 1n sections depends on the
haphazard plane of the cut with the result that no particular shape
predommates Since they are made up chiefly of fine fibnils the name
fibrillar formation seems to be appropriate

Upper (Case 35¢ after freatment) 18000 X
The oval fibrillar formation 1s located in a nuclear indentation Note
that the cytoplasm within the oval 15 different from that of the rest of
the cell The cell otherwise presents no unusual fertures having typical
miutochondna (m) and Golgt zone (go) The nucleoplasm (1) 1s es
sentially of umform density with only a very thin rim of darker material
(nd) mnside the nuclear membrane

Lower [Case 35¢ after treatment) 38000X
This micrograph illustrates detail from the ccll above The oval fibnitlar
formation can be observed to be made up of very fine fibnls which are
about 75 A in diameter The open center of the oval s filled with granules
with an average drameter of about 450 A Their density 1s variable and
some of them appear to have lght centers The appearance of this
fibnillar formation and 1ts core may be compared with another formaton
Mustrated on page 299 Variations of typical fibrillar formations are
illustrated also on paiges 151 165 211 231 303 and 311

mia






FIBRILLAR FORMATION [CRESCENTIC AREAS)

Variations of fibnllar formation

Upper left [{Case 34a before freatment} 20000 X
The fibnllar formation () 1s present mn the form of a nearly complete
oval Note that a nuclear lobe (n) and two mitochondrna (m) are en
closed within the oval The cytoplasm here does not appear to differ from
the areas outstde the oval Compare with the situations illustrated on
pages 299 and 309

Upper right (Case 35¢ after treatment) 18 000 X
The fibrillar formation (ff) 1n this particular field happens to be crescent
shaped The enclosed area of cytoplasm shows no special features

Lower left {Case 35¢ after treatment) 27000 X
A small somewhat curved fibrillar formation (ff) 15 visible here Note
that the curvature of the crescent 1s such that the oval could rot be com
pleted because of the proximity of the nucleus

Lower right {Case 35a before treatment) 27 000X
The very small fibnllar formation (ff) 1illustrated here represents about
the least recogmzable expression of this structure A sumilar minmal
expression of a fibnllar formation may be observed in the cell illustrated

on page 303

nig
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GENERAL CYTOLOGY

Features of monoblastic cytoplasm

Upper left [Case 34a before treatment) 50000 X
The mitochondria (m) n this field do not show any special features
Also present 1re some endoplasmic reticulum (er) and Palade granules
{pg) All these structures appear to be normal

Upper right {Case 34a before freatment) 38000X
The mutochondna (m) and Golg: zone (50) 1n tius field are typical as1s
the portion of the nucleus (n) that 1s visible There are numerous dark
granules (¢) 1 the mitochondrial matrices but these are found in the
mttochondria of normat cells (piges 102 to 107)

Lower left (Case 34a before freatment) 38000 X
The large oval mass with 1n irregular clear center 1s not identified It
measures about 0 5 by 0 85 » and 1s surrounded by a dark membrane
Two smaller granules (g) each about 025 p 1n the greatest diameter
are also surrounded by a dense membrane and have a comparable matrix
Mitochondria (m) Palade granules (pg) and a portion of the nucleus
(n) are present

Lower right {Case 34a before freafmenf) 40000 X

The oval body with les 1s not identified Tt

about 0 45 by 0 75 » The ml(cchondna {m) present no unusual features
except some very light areas m their matrices A portton of the nucleus
(n) 1s present This granule may be compared with those of normal

blood ctlls on page 123

ma
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GENERAL CYTOLOGY

Features of monoblastic cytoplasm

Upper lett {Case 342 hefore treatment} 50000 X
The mutochondnia (m) 1n this field do not show any special features
Also present are some endoplasmic reticulum (er) and Palade granules
(pg) All these structures appear to be normal

Upper right {Case 34a before treatment} 38000X
The mitochondnia (/) and Golgt zone (go) in this field are typreal as s
the portion of the nucleus (#) that 1s visible There are numerous dark
granules (5) n the mitochondrial matrices but these are found m the
mitochondrnin of normal cells (pages 102 to 107)

Lower left (Case 34a before treatment) 38000 X
The large oval mass with 1n irregular clear center 1s not identified It
measures about O 5 by 0 85 x and 1s surrounded by a dark membrane
Two smaller granules (g) each about 025 u m the greatest diameter
are also surrounded by a dense membrane and have 2 comparable matrx
Muochondna () Palade granules (pg) and a portion of the nucleus
{n) arc present

Lower right {Case 342 before treatment) 40 000 X
The oval body with 1s not wdentified It r

about 0 45 by 0 75 » The mitochondna () present no unusual features
except some very light areas i their matrices A portion of the nucleus
(n) 1s present This granule may be compared with those of normal
blood cells on page 123

mig



PLASMA CELLS

This section on plasma cells 1s mcluded because thes cell type occurs
both 1n normal blood (although rarely) and 1n eosmnophiha One 1llus
tration (page 323) 1s that of a plasma cell found m a stem cell leukemia
The condifton known as multiple myeloma n which plasma cells are
released into the perpheral blood 1s sometimes called plasma cell leu
kemia

The plasma cells constitute a cell type which 1s conspicuously dif
ferent 1n electron microscopy from all other normal and leukemic cell
types because of the ext P of the end Teticu
lum In Iight microscopy plasma cells are deceptively similar to lympho
cytes because the endoplasmic reticulum 15 too fine to be clearly dis
tingwished and the other charactenstics are much the same But 1 elec
tron py where the end 1s readily 1d d
there 15 no confuston between lymphocytes and plasma cells

In the following descriptions the area near the nucleus not contarmng
endoplasme reticulum which cotresponds to the light area mn the same
place m lght microscopy 1s given the nonspectfic name paranuclear
area This name was chosen because the area does not conform struc
turally to any known element of electron microscopy with any degree of
consistency More often than not 1t appears to be a Golgt zone but
frequently its structure does not conform to the classic Golgt zone pattern

315






PLASMA CELLS

This section on plasma cells 1s included because this cell type occurs
both in rormal blood (although rarely) and in eosinophtha One illus
tration (page 323) 15 that of a plasma cell found 1n a stem cell I~uhenma
The condition known as multiple myefoma 1 which plasma cells are
refeased into the penipheral blood 1s sometimes cafled plasma cell leu
kemra

The plasma cells consutute a cell type which 1s conspreuously dif
fercnt 1n electron mitoscopy fmm all other norma! and levkemic ceit
types because of the 1 of the endopl: reticy
lum In light mucroscopy plasma cells are deceptively stmilar to lympho-
cytes because the endoplasmuc reticulum s too fine to be clearly dis

hed and the other ssties are much the same But in elec

tron microscopy where the endopl 15 readily 1d d
there 1s o confusion between Jymphocytes and plasma cells

1n the following descriptions the area near the nucleus nat contaimng
endoplasmic reticulum whech corresponds to the hight area m the same
place 1n light mucroscopy 15 geven the noaspeuific name paranuclear
area This name was chosen because the area does not contorm struc
turally to any known element of electron microscopy with any degree of
consistency  More often than not 1t appears to be a Golgt zome but
{requently sts structure does not conform to the vlassic Golg zone pattern
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Plasma cells have been described 1n electron microscopy by Bemhard
and Leplus [1] Braunstemer and Pakesch [2] Braunsteiner et al [3]
and Policard et al [4]
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GENERAL CYTOLOGY

{Multiple Myeloma Case 35

before treatment) 1600 X
Plasma cell from W right stained peripheral blood
smear The hght paranuclear area (pna) corre
sponds to the same structure m the electron micro
graph (facing page upper) The faint hight speck
Iing of the cytopl: probably corresponds to the

dopl: reticulum so 1n the elec

tron micrographs

Structural features of plasma cells

Upper {Multiple Myeloma Case 36 before treatment) 16000 X
The eccentnically located nucleus has well differentiated nucleoplasm
with hight (al) and dark (nd) areas The paranuclear area (pra) 1n
this cell 1s characteristic Portions of 1t appear to be coarsely granular
but there are numerous small flattened sacs which are typical of the
Golgr zone (go) The endoplasmic reticulum (er) 1s charactenstically
plentiful m the form of cisternae Mitochondria (m) are

Some of them seem to be suspended 1n a sac of endopl. reticulum
(m1) but are really surrounded by the membrane of the endoplasmic
reticulum which forms open communication with the rest of the cyto
plasm 1n the manner of a mesentery (mz2) Thus the mitochondna are
really intracytoplasmic

Lower (Multiple Myeloma Case 36 before treatment} 16 000X
The nucleus of this plasma cell 1s typical It 1s eccentric and oval and
has well differentiated nucleoplasm (n! nd) The paranuclear area
which 15 50 conspicuous i the cell above 1s not mcluded in the plane
of section The cisternae of endoplasmic reticulum (er) and the mito-
chondria (m) are visible






GENERAL CYTOLOGY

{Multiple Myeloma Case 36 before treatment) 19000 X
Plasma cell of unusual shape The outstanding structural feature of this
cell type 1s the abundant endoplasmic reticulum which may be 1n the
form of elongate flattened sacs (er1) or circular or oval profiles (erz)

Palade granules (pg) occasionally give the membranes of the endo

plasmic a beaded app hondria (m) are very
numerous and tend to take a rod shaped form but may have complex
outhines (m1) They are about 025 n wide and may reach a length up
to 2 p The nucleus has no clearly distinguishing features The nucleo

plasm however may be recognized as differentiated into hight (nl) and
dark (nd) areas The latter are gathered chiefly near the nuclear mem

brane but may extend freely into the mterior The iaterior of the endo

plasmic reticulum 1n these cells 1s largely clear (er1) but has a famnt gray
density m some areas (er.)
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GENERAL CYTOLOGY

{Stem Cell Leukemia Case 22 during treaiment] 28000 X
Typtcal plasma cell Because of the eccentricity of the nucleus these
cells are frequently sectioned 1n a plane 1 which the nucleus 1s not rep
resented The most conspicuous feature of plasma cells mn electron
microscopy 1s the extraordmnary d of the endop!, reticu

lum (er) which fills the greater part of the cytoplasm n the form of
wregularly flattened sacs of large size In the undifferentiated cytoplasm
around the sacs numerous Palade granules (pg) are found often arranged
along the border of the sacs Numerous large mutochondna (m) are
present The paranuclear area that is pale 1n hght microscopy and which
contains the cytocentrum and the Golg: zone 1s bracketed by arrows in
this micrograph (pna) It presents an appearance typical of the Golgi
zone In this particular cell the intertor of the sacs of endoplasmic reticu

lum 1s not clear but contains a light gray matnix
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GENERAL CYTOLOGY

{Multiple Myeloma Case 36 before treatment) 10000 X
Vananons of structural orgami.ation The larger cell has the more  nor
nal appearance of the two There are recognizable mitochondria ()

(er) ap area (pna) and a nucleus
(n) The more compact appearance 1s largely due to the fact that the

1s nerther nor swollen The smaller cell
1s chiefly characterized by the dilated sacs of endoplasmic reticulum
Mitochondrra can be recognized mn the sparse areas of cytoplasmic matnix
that are present The nucleus appears to be 1 good condttion
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GENERAL CYTOLOGY

Upper {Multiple Myeloma Case 36 before treatment) 14000X
Tyvpical features of plasma cells The endoplasmic retriculum (er) 1s con
spicuous both as sacs and as circular profiles some having a light gray
matrix while others are clear Mitochondna (m) are The

paranuclear area (pna) 1s evident but does not show the usual charac

teristics of a Golgt zone so clearly as 1 some cells (pages 319 and 329)

The nucleus 1s eccentric with well differentiated nucleoplasm (! n{)

although the contrasts are not high

Lower [Mulhiple Myeloma Case 36 before treatment) 23000 X
Non nucleated section of plasma cell There are abundant endoplasmic
reticulum (er) and many mutochondria (m) The paranuclear area
(pna) 1s typical and shows the charactenstics of the Golgi zone (go)}
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GENERAL CYTOLOGY

Plasma cells with stronghy dilated endoplasmc reticulum This condition
1s common 1n cells of multiple myeloma

Upper {Multiple Myeloma Case 36 before freatment) 15000 X
The swollen sacs of endoplasmic retrculum (er) occupy most of the
cytoplasmic area Most of them seem to contain a structureless shghtly
gray matrix which barely contrasts with the background outside the cell
Mitochondnia (m) are evident A considerable part of the paranuclear
area (pna) 15 visible but the nucleus has escaped the plane of section

Lower {Multrple Myeloma Case 36 before treatment) 16000 X
The sacs of endoplasmic reticulum (er) in this cell are swollen as in the
cell above In only a few areas do they seem to have a structureless
light gray matrix Mitchondna (m) are evident The paranuclear area
(pna) 1s largely filled with the flattened sacs of the Golg: zone (go) Th=
small portion of the nucleus present has well differentiated nucleoplasm

(nl nd)






GENERAL CYTOLOGY

{Multiple Myeloma Case 36 before treatment) 27000 X
Plasma cell with inclusions In multiple myeloma the plasma cells in the
peripheral blood often contamn very derse inclusions (1) which on close
examination appear to contain nternal ultrastructure resembling mito

chondnal cristae The size of these inclusions usually conforms to mito-
chondnal dimenstons Qccasionally a circular form such as that at ¢
15 present which does not correspond to mitochondnial morphology The
remainder of the cytoplasm 1s normal with numerous profiles of endo-
plasmic reticulum (er) and a large population of Palade granules (pg)
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GENERAL CYTOLOGY

{Mulhiple Myeloma Case 36 before treatment) 12 000X
Mixed cell group Ths field contains a plasma cell (P) a nucleated
erythrocyte (NR) and an mmmature cell of the neutrophilic series
(Nmm)

The cytoplasm of the plasma cell (P) 1s typically nddled with profiles
of endoplasmic reticulum (er} which 1n this section happen to be in
circular or oval profiles Palade granules (pg) can be seen n the undif
ferentiated cytoplasm and limng the endoplasmic reticulum The three
dark bodies are mitochondna (m) whose matrices are much denser than
usual a common characteristic of mitochondria m the plasma cells of
multuple myeloma

The nucleated erythrocyte (NR) 1s typrcal of the middle stage of the
erythrocytic series with light (nl) and dark (nd) nucleoplasm The
cytoplasm 15 of even but pronounced density and has very few inclusions
{mitochondnia m) Compare this cytoplasmic density with that of the
two other cells

The remarung cell (Nmm) 1s obviously a member of the neutrophilic
series because of the numerous specific granules (ng) The number of
granules the occasional large profiles of endoplasmic reticulum (er)
the nuclear size and shape and the clear nucleoplasmic differentiation
all indicate a neutrophilic myelocyte A distinctly atypical feature 1s the
mottled pattermzation of Iight and dark nucleoplasm which 1s unex
planed
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THE ERYTHROCYTIC SERIES

This short section iliustrates cells 1 vanous stages of deselopment m the
erythrocytic senies The fields are chosen to present to the reader the
stoges that may be expected to be observed in any of the leukemuas of
the foregoing pages No attempt 1s made to present ¢ comprehensive
senies of development

1In the myeloblasve leu¥emias very early stages predominate Here the
greatest difficulty 15 expenienced n Wentfying members of the series
Often the only satisfactory criterion is the darker shade of both c)lopmm
and nucleus of the early erythrobl as 10
myveloblasts However a few later stages more zcadﬂy recopmzable are
present Some of these are present i fields with other cells on pages 161
203 207 215 247 and 249

Numerous ervthrocytie forms are present in the peripheral blood of
muitiple myeloma The two examples sflustrated (page 341) were
chosen because thewr development is mtermediate between the earhest
forms and the middie stages charactenstic of granuloevuc feukemia

The granulocytie teukemuas have cells much further along i the

series of Thev are teadily distingwishable

(mm alf other cell tvpes A single typical example 1s silustrated on page
343

338
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EARLY STAGES

Earltest recognizable cells of erythrocyuc series

Upper (Myeloblastic Leukemia Case 20 before treatment) 19000 X
The transition from myeloblast to the erythrocytic series can first be
detected by a fauly even mcrease in the density of the undifferentiated
cytoplasm At this stage there are no perceptible changes n the formed
elements or the nucleus The illustrated cell represents this stage 1
which the mitochondria (m) and the endoplasmic reticulum (er) are
seen agamst a background of undifferentiated cytoplasm that 1s some
what darker than usual The nucleoplasm appears to have lght (al)
and dark (nd) areas that are more definte than m myeloblasts The
wregular contour of this cell is typreal of the stage

Lower (Myeloblastic Leukemia Case 20 before treatment) 15000 X
Thus cell 1s somewhat more advanced m its development in the erythro
cytic series than the one above The full complement of formed elements
such as dria (m) and endop (er) 1s present
1n the cytoplasm but the 1ated cytoplasm 1s darker Its density
may be compared with that of the cytoplasm of the small portion of the
cell directly above 1t The nucleoplasmic differentiation has progressed
so that defimite areas of ight (nl) and dark (nd) nucleoplasm are visible
the latter collected chiefly inside the nuclear membrane

ies
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EARLY STAGES

Developing erythroblasts

Upper [Multiple Myeloma Case 36 before treatment) 17 000X
The formed cytoplasmic elements 1n this celf are mostly collected beneath
the nucleus but the remainder of the cytoplasm 1s clear The nucleo
plasmic diffe 15 very well ped with hight (nl) and dark
(nd) areas n high contrast with each other The entire cell has an
irregular outline

Lower {Multiple Myeloma Case 36 before treatment] 17000 X
This nucleated erythrocyte appears to be mn about the same stage as the
one above Fairly large areas of the cytoplasm are pracucally free of
formed el but elsewhere there are dna {m) P
reticulum (er) and the Golgt zone (go) The two nucleoplasme densi
ties (nl nd) are well established

ries
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MIDDLE STAGE

{Granulocytic Leukerma Case 15 before freatment} 27000 X
Nucleated red blood cell The cytoplasm 1s of fairly high density and 15
quite even Most of the formed elements have been lost but those re
mammng are recognizable as mitochondna (m) a few small profiles of
endoplasmic reticulum (er) and what appears to be the remnants of
the Golgt zone (g0} The nucleus 15 of smooth contour and the nucleo-
plasm 1s well differentiated 1nto hight (nf) and dark (nd) areas All the
characteristics of this cell are typical

rries
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208-212 218 222-224 228-232 252
of plasma cells 110 318-332
of stem cells 248 256-258
of unidentified cells 86
Eosmophilic granules 18 %6-28 52-62 132-133 142
152-154 158 174-180 "08 244 248 254
ultrastructure 60-62
Eosmophils mature 1n granulocytic leukemia 154
1n normal blood 16-22 26-28 34 57-58
1 stem cell leukemia 244
metamyelocytes in granulocytic levkemia  128-130
134 158 176-180
in stem cell leukemmia 746-248 254
myelocytes 1n granulocytic leukemua 132-133 142
152 174-176
promyelocytes n granulocytic leukemea 1 8
Er (see En )
Erythrocytes mature tn [ymphocytic leukemra 63~
268 272
in normal blood 16 34
i stem cell levhemia L 46-248 52
nucleated 1n granulocytic leukemra 160 342
m monoblastic leukerma 284- 86
in muluple mycloma 332 340
1n myeloblastic leukemia 202 06 .14
1n stem cell feukemia 246-°48 24

Erythrocytic granules 207

Fibnillar formation 282
\n monoblasts 150 288 298 302 308-310
sn neutrophibic promyelocytes 164 210 30
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Fibrillar formation ultrastructure 308-310
Fibnin 246.248
Formvar membranes 2

Grant platelet 100
Golgt membranes 114
Golgt vacuofes 114
Golgi zone 12 315
of basophils myelocytes 188
of eosinophils metamyelocytes 178-180
myelocytes 174
of erythrocytes 340-342
of lymphocytes mature 30-32 58 66 114
of monocytes mature 78-80 108 114
of neutrophils mature 46 S0 114
myelocytes 152
promyelocytes 232
of plasma cells 318 3°6 328
ultrastructure 114
Granules 10 11
basophilic (see Basophilic granules)
degenerating 28 42 48 54
eosinophilic (see Eosinophilic granules)
of erythrocytes 202
of mitochondnia 102-106
nevtrophiic (see Neutrophilic granules)
of Palade (see Palade granules)
of platelets 46 76 $0-100
Granulocytic Jeukemia 125-192 342

Leukemea lymphocytie 261-278
monoblast. 281-312

multiple myeloma (plasma cell) 315-320 374-34C

myeloblastic 195-232
stem cell 235-256
Licht mucragraphs granulocytc leukema 130
136-140
lymphocytic leukemea 264
monoblastic lukemia 290 302-304
multple myeloma 318
myeloblastic levkemia 204
normal blood 38 52 64 78
Light microscopy compared with electron microscops
23

Wright's stan 8
Lusteroid 2

Lymphocytes blasts mn lymphocytic leuvkema 264 274

mature in granulocytic leukemia 15 156
in monoblastic kukemra 784 YBR-"9.
in normal blood 16 22-24 30 3. S8 64-76
m stem cell levukema 246-750
Lymphocytic levkerma 261-778

Methacrylate 2

Membrane carbon ?
double {see Double membranes)
Formvar 2



Membrane Golgs 114
muclear 48-50 60 68 82 106 118-120
plsma 20 48 87 90 94
Metamyelocytes {see spectfic celt type)
Mucrographs electron charactesstics 2 3 6 7
nught (see Light mucrographs)
Microscopy {see Electron mucroscopy)
Mitochondnia 12
basophils myefocytes 187 188190
promselocytes 138 18 186 190 214
eossnophils mature 57 58 61 178
metamyclocyies 176-178
myelocytes 15 174-176
ersthrocytes 332 338-34.
Jymphocytic blasts 264-266 270-278
mature 22~ 4 30-32 £4-74 112 116-12.
monocytes blasts 150 "B6~288 206~.98 307 305~
3t
matare 24 32 78-82 108 158 226
myeloblasts 14. 160 198-202 206-20% 214 218
6 230 238 244
neutsophsls moture 38-40 46~50
metamyelocytes 172
myelacytes 144 152 166
promyelocytes 130 140182 364 212 248
230 252
plasma cells 318-328 332
Mem cells 246 252 256-238
ultrastructure £0.~106
umdentified ceffs 86 242
Muochondnat granules 10.~106
Monoblastic leukema 281312
Monocote Asmour 2
Morocytes blasts m pranulocytic feukema 150
19 monoblastic feukemua 281~31.
mature 10 granulocytie Teukernia 356 158
n monoblastic leukernia 284 292 300
1o myeloblastic feukemnia .26
8 normal blood 11 24 73-84

Muliple myeloma {plasma cell leukemsa) 345-320
324-350

Myelablastic leukema 195232

Myeloblasts £42 61 198210 L1420 26 30
38 g?

Myelocytes 1ee specific celt sype)

224

Neutrophrlic granules 18 26 30 3642 46 50 178
M6 150-172 206-217 15220 4 228-23.
32
wltsastructare 4%
Muxm';;)sugh mature ia granufoeytic feukemsa 34 136

£ mycloblastic leukemnia, 134
12 pormat blood 16-30 114
¥4 stem cell leukemea 250
Mretamyel w granvlocytic feukerma J28-437
136-150 154-158 170-172

Neutsophils  metamyelocytes m muluple myetoma
332

e myeloblastic feukerma 208 220 278
s stem cell fevkemia 242-246 250-254
myelocytes in gramufocytic leukenma 128-134 {38
140 143 148-156 160 166-168
m mycloblastic Jeukemsa 216 2 0-.7 228
i stem cell Jeskerma  248-744 250-254
promyefocytss n granufocytic leukemta
134 140-142 146-148 162-164
m myeloblastic Jewkemia 208-212 218 227224

118130

18-232
Nucleated eryth {see Eryth nucleated)
Nucleols B 66 7 B2 152 156 160-164 198 204

272 216 Y70-272 184286 290 296
osmumm tetrowde fixaton 1~3 5
Nucleoplasm immature 328-132 336 16 IR 186
.04 214-232 238 739 264-276 284-302
mature or maturing 20 3840 78-80 128 132 136
168 178 225 256-258 284 318 1R 340
Nucleus §I {2 115 {95 25K 335
banded 125 138-147 170 250-251
mtralobar strands 36 40
membrane 48-50 60 68 &7 106 113-120
multilobed of Jymphocytes 276778
polymosphos 11 40
pores 118-1°0 168

Palade granules S0 66-68 86 107-10A 1iD-tl. 116~
120 98 3 0-322 330-3132
Paranuclear area of plasma cells 313 318 3.2-3°%
Plasma cell kevkema fmuluple myciomna) 3i5-3 ¢
3.4-340
Plasma ceils 1a monablastic leukemia 294
m multiple myeloma 318-320 3.4-33
i stem celf Jeukemia 322
Plaima membtane m eonnophilt 20
0 veutrophits 48 82
s platelets 90 94
PS telet granules 46 76 90100
Platelets 20 46 76 88-98 246-248
gant 100
Pramyelacytes {see specific celt type)

Sans osmium eravide 1 ¥
Wrights 8

Stem cedl leukemsa 233 56

Stem cefls 235 4 757 156-75%

Undentified cells 86§ 240

Vacuoles compound { ree Campound vacuoles)
contractile of platelets @ 98300
Golgs 114
ulizastructure  §36
wmidentified, 116

Woights stan 8

Inder 7 347









