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PREFACE

Towarps the end of 1956 it was learned that Profemor Murray
Barr 1ntended to come to this country dunng the following
Summer To gwe people interested in nuclear sex an opportumty
to meet hlm, Bernard Lennox OrgaAnINNg & meeting
A Ty enquiry led consdderable interest in such &
pmjcctnnd:oommxticewufoﬂncdmmkzlh:ncccmry
arrangements.

It seemed most profitable to emb n a Sy all the
fields with interests related to nuclear sexing Lndut{mg Anatomy
Buochemutry B Clinical Medicine Cytology Eadocnn
ol Genetica, Pathology Phymology and Surgery

a number of representatives were invited with this in view

The Symposium was held 1n September 1957 at Kinj lCoch:
Hospatal Medical School at the imvitation of the
Counal The eclentific proceedings, to which the puﬂdpanu
were welcomed by Dr Willlam M. Davidson conmsted of three
mmofp:r;pfanc;nddnammmdlnumbaufdmomhom
ustrating ted pounts, The proceechngs were summansed
and concluded by mensor Mumy Barr

As much of the d at the $ was new
and likely to be of wade intereat 1t was decaded to collect the papen
and the recorded dhscusdons into book form.

W ¢ wish to acknowledge herr our gratitude to those who made
thus Symposium possible  the Dean and Council of hing’s College
Hospital Medical School, the Board of Governors of hungs
College Hoapatal, the Wellcome Trust and the Ciba Foundation

We are also greatly mdebted to Mr W F Gunn the Secretary
ofth:h(cdlalSchonllndhnSuﬁ'forthwmnc:m
organuing the mceung Dr F L. Jackwon for rtmrdu:}

the sccretanal and technical staffs the
Ead:ologlul Department who helped in 50 many ways to make
the Symposium a success.

Finally we would Like to record our appreaation of the vn.luzhlc

of

help given to us in the these
ub cntkm 3 Mr me R. Evam of Hanemann Mchm]

D Rosexrsox Ssrmit
Wrtiiam M. Daviosovy
Octuber 1558
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A BRIEF HISTORICAL INTRODUCTION

MURRAY L. BARR, MDD FRAS.C.
Pkd;-cr o HM‘Am
D iy o o
Undrersity of Wentern Ontane
London, Cansde

My first duty mdlthu&&:-mmonc,nmth.nklhmmmu
of Great Britain who foresight to concerve they Symposum
and the imtiatrve and energy to carry thesy idea to the stage of
frofion. Ve all regret that certain practeal considerabom made
it pecenary to restrict mvitationy with ouly & few cxeeptiom, to
saeatsts who would not have (o travel drances. ‘é;ﬁ"’d
lhltour deliberanony will be hr.lp!'ul o all who are n

of d wx
whatever ther plucal location may be
; mmd&mmmmr:nmducmﬂyuu
obresomly an impossble task in & shost introduntory comment,
For the sex chromosomes alone one would have to start with the

McClung zod Wilson, in the partn(thc prevent century
and the sabsequent work mmmdot&mmmcm

pro-
minence would be given the now-clewtcal work of Young of
Balumore, whoee book on genitsl abacrmalino (;957) 5 oa
landmark m the dcinical study of sex anomalies. fonead of
attemptmy the wnpossible 1 must be content to relate & few facn
mtmcmlhemnlmnoflm)ldrmorphnm\ntbc
i¢ nocler of ts. This does not mmply any feeling
ou mry part, or that of my co-workers, that ths recent develop-
mmt-mymrcknponmt\hnnthcmnumba‘ofmhcr
contributions 1o the rtady of ch § pex and 1ex
The ocognlﬁmo{luuﬂchummminmnnguuddh
gynnothcrinnbngmn drvclopments 31 has served the
purpoke mmuhdngm(cmtm:hnpamcuhr Beld of




™ A BRIEF HISTORICAL INTRODUUTION

rescarch and was partly responmble for beinging thu group
together
As 30 often happens 1n sacentfic work, the first ndmation that
there 1 an impnint of sex 1n the ratng nucler of mammalian
tinues came from an inadental observadon while we were
mﬁde on an entrely unrelated mcct. While serving with
Medical Boards of the Royal Cana Aur Force convermations
with Squadron Medical Officers and others turned at fimes to the
problem of fatigue in aircrew On my return to academic work i
1945 there arosc the question of a surtable line of research. The
ection of these conversations induced me to ook into the
complex problem of “fatigue by the only methods I knew In
view of previous tramning and experience Le. by using the tech
niques of neurocytology The mnvestigation was sapported by a
grant from the Imstitute of Aviadon Mediaine, R.CA.F Many
studies of the effect of altcred levels of actrvity on ncuronal
structure had been made sinee H around 1890 deseribed
structural changes in the nerve cells of bees and swallows following
bm'ypeﬁod.iofwurknndﬂ.lght Even 1n recent imes, the experl
ments involved the interaction of neuronal systers and synaptic
transmsion and, 1n order to nmp the :xpcnrncmal milien
1t was decided to test the effect of antidromic stimulation of motor
neurones. It was my good fortune at thu time to have Ewart
G Bertram a graduate in Sclence of the Univeruty of Western
Ontarlo apply for admimon to the department as a graduate
student  With the background just mentioned, we stimulated the
gzgoglunal nerve of the eat, nﬂmvmg the animals to survive for
erent lengths of ume before exa; the neuronea of the
hypoglossal nucleus 1n scctions stained wath cresy! vialet. There
were chromatolytic cha on the stimulated nde (Barr and
Bertram 1951) but we l:ﬁl?do not know whether these changa
were caused by increased neuronal activity or whether they were
a mild form of axon reaction following injury to the nerve fibees
by the stmulaung current. This quation might have been
resolved had our work not been directed into other channels by
the following cvents.
Whuile studying the altered neurones, 1t was noted that  rather
cuous mass of chromatin tended to move from its usual
position next the nucleols for v g dstances towards the
nuclear membrane dunng the of the mld dmsolution of
the Nissl bodies, and that the mormal poston of this man of
chromatn was restored when the cell recovered from chroma
tolysfs It was decided 0 chart the movement of the chromaun
mmmmcdcuﬂninccmdmphcnumcmnnuuumn]lnrahng
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nud.n. As the senes of amimalb came under review 1t became
t that the chromatin mass m question was present in the
of some of them but not in others. Varous posible explana
homofthhmummtcncylndmbcdncudcd,untﬂourn:
ecxamination of the data on each ammal, for which Dr Bertram
had metculonsly recorded the sex even though thu had no
bcnmﬁond::pmb]mwehudoctwttum:dy showed that the
man of chromatin which is known now as the sex chromatin was
present m the hypoglosal neurones of females but ot 1n those of
males. Thy correlanon led us into a new field of research and
the end o not yet n nght, The foregoing account will answer a
umm\hng:: t to me many tmes  “Why was the
tote of Awiation R.CLA} referred to m your
ﬁmaccounto(mnldlmnrphhmmmtmgnucld?" (Barr and
Bertram, 1.

I wuh 94S:A:l.lpob:nu::m;hmwlt:dg:: the mvahumble amstance
that was given by the graduate students and rescarch asmstants
who partiapated 1n the programme of research m the

ent. At the risk of unfur smee all contributed
uable observations, three of them must be grven speaal
mention The major contribution of Dr Ewart G Bertram 1n
the early and cntcal phases of the work has been related  Dr
Bertram continued his neuwrocytological studles in the United
States and o now an Amistant Professor of Anatom: Muqucttc
Unmivernty Milwankee, Mn  Margaret A, Gr:ixmT
been promoted to the role of howsewife, carred out mcnculous
studies on the nuclear morphology of varlous twsues m the cat
that included particularty vatuable work on embryonal tmues.
Dr Kath L Moore, now Amutant Profesar of Anatomy 1n the
Unrversity of Mamtobs, was prnmarily responsible for the analysts
of muclear structure acco! to:cx,lnthcngrvo\ntym:mof
vanou mammals, in human tissues generally and 1o benign and
mx.hgmmmmounofm To these and the othens ax well as
mmcxpcntcdmlaln:hunn.hhj E. Walker and Mr
C E.Jlrvu,Ilmdceplyg-n
tufu:cndﬁchk may be of some shght

t::mmthepudcuhrgmup-ncm ed here. In any event, I

hope that 1 may be forgrven for reminlscing
REFERENCES

BT LIRS (A Tabeen
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CYTOLOGICAL OBSERVATIONS RELATED
TO NUCLEAR SEX

B M SLIZYNSKI PhD

Member of Scentdfic Staff,

frchcal Resenrch Coxmcil,

of Anural Gepencs,

Univeruty of Edinbargh
Actorpmd to the clascal view of textbook cyto the tex of the
yommthrvtﬁmqpﬂtvdnnm&k,udﬂ at the ime
fertilization by an & chromesomal mechanlom. In
ths the sx chromosomes, lDdehyld.ccavcmlc. In

organims m which the sex cb P

the of & be
crtablabed as 2 role m‘ﬂcztgwbyuudymguﬂldxvmm\_ Re
ccndyl!hlibecnd.cﬂ\nmm dn:nnmblzbod:amthe
resung nuche (sex ck ites, or dr ks }
mbcwdulmt:rmfmnudaru:x.

'Ihmmtmlcruﬁng&uoflbcwiwkpmbkma{nuckuﬂ
hdmpmpnnwnofcdhmwhh:h stanable bodies can be
recorded.” These bodies are not present in afl the oucke of a
female organmm and they are not absent {rom all the nudla of 2
male organum, The proporoon in which they are found by
vanow avthons 1 urually far from that expected on & chromo-
somal bass, for all the cells of an organsm are supposed 1o be of
the aame comstrtution,

Two facts should be pomted out 1n 1hn connecnon  one
1 the absence of a reguolar ratio between proportionms for females
and those for males and the other the great vanaton of the pro-
portson from therue to amue  For matance (Fig 1) varianon in the
proporon of ctils containing sex chromatin in the tkin of malas
covers the whole range of vanauon of the satellite body (“drum-
strick™) in the blood cells of both males and femaler.

Stace the nuckeus of a cell contams the chromosomes 1t 1
natural to look for some interrelation between the
particul th:lexchmmmomu,mdthcnu:kar-u. It ks thus
worth ! the posdbiliies 1o see whether the re
marksble cells with nuclear sex bodset coald depend
on sotmie mmounlmechxmm

3



4 SYMPOHUM ON NUCLFAR SEX

The first hypothens to be discussed is that ofwmatm >grega
tion, whereby a cell of a male the sex
XY ‘could produce two daughter cells of which one contans \X
the other YY However although this hypothens could explain
the unexpected appearance of sex chromadn in some male cells.

1t 15 uscelens moce 1t cannot account for the absence of sex chromatin
1 some female cells.

The second b st is concerned with a chaoge of chromo-
some numbcxl'xcn oolgomncy of chromosome number 1n the “l"n‘
of man has questioned (sce review by Beatty (1954)) for
Timonen (1950) and Therman and Tuuonhcyn (1951) ou.nc?
vanatons in the chromosome number in eertain h
and considered that an ploid number of ch
vailed in all the tissues studied. They leave open the qumion
of the mechanbsm responnble for such varia tf;um Timonen s
findings bave been uestioned by other workers and arc not
genenally accepted.  However somanc numerical chromosome
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varation may be pmdu.a:d alo by somatic polyploidy whkh

scems 10 have had 4 better reception among cytologr

For the purposc of the t dh i i of no

whether the addinonal r.hmmouamumaa:ﬂwmcaboutby

somatic yaratson counccted with aneuplody or wath polvplody
Tentative applicanon of the hypotheas of somatc nurenical

varauon or more exactly of aneuplotdy 1 dwcursed below It

Tams 1
APFLICATION OF TIMONEN'S DATA TO NUCLFAR 3EX

Twwom D {1, ! N
—— | ho.of | Diarihotem of X Chrooe- Ml.mfar
3o o | o [ o] somes aming Prmale Celis It
chrome-| o5
somer
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s 3 = -
& ~ =ttt -

s | 6 ;0:—“_, P e
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Exd Jw‘aﬂ Bl fanl el S R R ]
153 L it #i5121= ®l=|—
» oo * - T wie—-
z [ ] sial— 1 -
el b IR
» + 1 ~ {4, === -
- 1= o3z
8 4 3 ~ 3 3
" 4 it il -2 Bt Bl el 0 et
) H =14 iz
= ? » i~ R g

"““’Wf ﬂi]"[!ﬁ,h

s based on Timonen » data (19%0) on one thowsand eclls from
human pterine epsthelium in the proliferative stage. The chromo-
soms number varres from four up to one hundred per cell. The
dauod‘Tmnoncncmbc out 1o thow that some female
cells may not contun two N chromosomes and that nce versa
some male crils may contain more than one X chromosome
The dsiribupon shown in Tabl 1 has been arranged on the
jon that the X\ ch has the same chance of bang
mdudcdinanlmpb\dmuulnyodmch The
avadable X chromosomes have been allocated by giving to cach




6 SYMPONIUM ON NUCLYAR SEX

cell one X chromosome, then following the same procedure for
the sccond and subsequent X chromosomes untl all the cells and
X chromesomes have been uted up By this metbod & distribu
tion has been obtained with the smallest number of X\ chromo-
somes cell. Any other dutribution will give a larger propor
tion of cells with more X chromasomes. e analogy for mala
1 based on the mme ciple, but the number of available \
chromosomes has been halved mnce half the sex chromosomes are
Y chromosomes 1n the male,

It the appearance of sex chromatin 1n a resting nuclews d
on the presence of two or more \. chromosomes then the hypo-
thess of somatic aneuploidy could explain the proportions of
nuclel with stainable bodies. This hypothesis also permits vana
tron of thgrpropomon of cells with sex chromaun when the di
tnbution of chrommomes among the nucle: 1 altered

It 5 evident from the table that 436 about 44 per cent, of
female cells and 42 about 4 per cent of male cells contaln two or
more \ chromosomes. If three or more X chromosomes are re-
&um:d to produce the appearance of sex chromatin n the cell

¢ proportions from the table will become 65 cells, 6 5 per cent
for ferales and 1 ccll, o 1 per cent, for males,

A smular hypothess amuming somatic palyplady could be
n?ph(‘d to nuclear sex. It will require the agumption that tetra
ploid nucles 1n females and octoploid nucler 1n males (both giving
the same number of \ chromoesomes per nucleus) exhibit the sex
chromatn. The frequency of these polyploid nucles may directly
correspond to the frequency of sex chromatin,

The hypothesrs of somatic numencal vanation (if In 1tself correct)
may cover adequately most of the facts known about nuclear scx.
There are however stll some unexpected difficulties, for mstance
the fact that Purkinje cells in human brain have the same fre
quency of sex chromaun m males and in females. It may be that
in this case the presence of one \ chromosome 1 sufficeent for the
sex chromatin to appear  This suggests that metabolic Em
peculiar to particular tiues do play an important role in the
phepomenon of nuckar sex.

On the border of chromasomal and metabolic hypothesis of
nuclear sex stands the third hypothens that the sex chromatin
represents the so-called extrachromosomal chromadn  Toblas
(1936) deseribed how 1n the Gerbill dunng spermat, esls some
parts of the chromatin materizl become Su-own off ly from

certain segments of the chromosomes and remain In the nuckcus
21 » maw of chromatin not attached to any chromosome.

Tt It pot known whether this extra-chromesomal chromatn can
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be produced in somate cells and how 1t would behave dunng
subsequent cell divimons. However it may be worth while to
k:c-pltinmmduouconhcpomhihdupcrmmmgm!hcnuclw
scx. In this connection it is interesty m a recent publicaton
in Natxre (1g957) Ashley pauuhu:ntghat scx chromatin must be

ed as a sex chamactermtic rather than as belonging to the

chromosomes.
The foarth h: 1 connected with chromosome move
ments. The study by Barr Bertram and Lindsay (1950)

onth:nudnrumncmcdhoflhcwghulhcpmpordmof
celly showing the nucleolar satellite for females 56 to 87 per cent

“~
NM
n f m
Fro. 2. Pruction of wacieshar Sxales (F) b
males (M), (Jnfrehtb:h)opl—(ﬂmdnth:

nn:kn-rm:mlrmu(-) Frem and Lenduay ( gs0)
and for males 2 to 6 per cent. They noticed also a very interestin
fact, namely th!lhcnud.coll!mdﬁlcmnbcl(lhcmrﬁc:j
the mucleolus, at the nuclear membrane or free in the nuclear
space. Thcproporﬂnmofmxle mdfcmulccd]:\mhnnudmhr
mclﬂtcmlnyofthuc d
(Flg a) Thmulm ll‘n:qu dlﬁ'rnmcc
the sexes and hunho that the tion of the
nudcoluntcun:dcpmdsundnzxohbeccﬂ.
Ituprnbablcﬂﬂtthcvlﬂlbonoflhepudﬁnnd’!hentclﬁlc\
repraents the movements to which it is sobjected. These can
be compared with movements of the polytene chromosomes 1o
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salivary gland cells of dipteran larvae. In the larval salivary
of Simu/rem the polytene chromosomes occupy different positrons
which can be arranged in & sequence (Fig 3 Nos. 1-5) In
certain cells thin chromosomes are evenly distnbuted throughout
the nucleus with the nucleolus viuble tn the centre  The next
stage u characterized by the withdrawal of the chromosomes from
the penphery of the nucleus and their subsequent gathenng in
the central parts leaving empty most of the outer sphere of the
nuclear vencle The nucleolus becomes imnvinble probably being
oventhadowed by the chromesomes. Later on the chromosomes
expand agaun and the whole of the nucleus, beang much
thicker than before. mesomc Mmovements are as a rule not
chronows 1n all cells. Sumilar behaviour of chromosomes 1n
resopiala vmnlis hay been described by Bodenstein 51943)

Movements of salivary gland chromosoma of dipteran larvae
differ from the suggested movements of resting stage chromosomes
of mammzlian cells mainly 1n the fact that lic latter pomibly do
oot wvolve any mternal mulnplication of chromosome strands,
but are most probably connected with other types of nuclear/
cytoplasmuic exchanges. Sali gland chromosomes reman
lo at the nuckar membrane than at the centre of the nudleus,
while mammalian sex chromatn spends more time at the surface
of the nuckeolus. It possible that the appearance of sex chromatin
represents one phase 1n chromosomal movements and that the
rhythm of these movements 13 pot the same n the two sexers Such
an explanation does not involve any somatic variation of Ehromo-
some number and can be accepted as & working hypothess of
the mechanum of nuclear sex.

Variatuon in size and i intenuty of statung of the chromosomes
can be related to the nuclear sex. According to the prevailing
opinuon the dze of the chromosomes 1 under genetic control
remans constant in all cells of the organbsm. However in mouse

togeness 1t has been observed that in some cells the
xzz:namu are exceedingly small (EF 3 Nos. 6-g) The
nucleus s reduced in uze and 30 s the cell body Changes in the
intenuty of stalning have also been recorded in mouse spermato-
genens,  Pale I 1 phase plates alongude well stained
ones (Fig 3, No 10) can be quoted as an exmmple of such changes
i the intennty  Three grades of staining from normal to extreme
lor are demonstrable It is suggestive that Barr Bertram and
yﬁmndmnmcutnerwcclhdmimcmhyo(mlrdngof

the sex chromatin s ako vanable

These vanapons 1n size and staining reaction occur In the traos-

Jocaton moc stock, translocaton No. 6 (Slkaynskr 1g37)  They




Xo. & Polar vew of ihe st mclotlc pctaphas plare of ol with soaall

cmces n inscmty of vadaing.
Represcuts th scate of mogalficknon which i equal s 42 microcs for Mos.
- andd 7 microme for e rrrmieiag figores,

chromanmes.
Na. 9. Law dlakimesls of  orll with small chromoscsey.
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occur 1n ammals heteroxygous for this translocation 1n combina
tion with any of the four other mowse translocations (Nos. 5 83,
264 and 28:{ but not 1n the homozygous condition or in crosses
with any of the six other tranalocation stocks (Now S 2 7 8 138
and 190) although they may have been present 1 very Jow
frequency It should be stressed that both changes form a graded
seres m all cases and thus cannot be attnbuted to the loss of &

Summung up 1t can be concluded that of the four hypotheses
two scem pomble. The frequency of the sex chromaun could be
explained by the hypothens of stomatic vanation of the chromo-
some number g that that hypothess 1tself 1 based on

processes
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DISCUSSION
Forp Dr Shayniki's hypotheis is, of course a formal possi-
bility but :f 1t applies to human endometnium 1t must apply to

other tmues too and oot only in man but 1n other organiim It
is the expenence of chromosome cytologusts that as the techniques
the somatic chr have been improved, and

four or five yean the evidence for thn somatc vanaton in
number somatic ancuploidy a8 Dr Shzynski called it, gets less

and less. Now from my own in a whole series of
mammals—about 10 uhagclhcr—-mt particularly 1n the bone
marrow spleen lymph nodet and embryonfc tissue in the mouse
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and shrew T agree that there 1 an asymmetncal dotibunon of
chromosome numbers about the standard for the speaes but the
numbers of eslls with chromosomes greater than the smadard
namber for the speces n low indeed, perhapy tvo i a
thomand. On the other nde 8 2 bony tail down 1o
numbers perthaps even approaching the haploid nmum’ The
extent of thrs tail varses from preparaton to prepanaton In the
be(tcruuannmymmndccd, 1 eoander this tail to be almot
wholly an artefact due 1o the fact that a3 we make these

two other smail of evidence 1 favour of this I & somatc
cell ran stand deficency of one chromomme 1 can surdly
stand the defich of half that chi bt from rradation
cxpenment, which are yill unpubluhed by my former co
Sharman there b evidence that 2 lewser ency that s
than a whole chromosome, dots not appear  Secondly there n
genetic evidence that if thi somanc aneuploidy ocrarred m
ammals he &Jralhnpxgmam&mgmwuhmdd&md
localised areas of the recossive type,

Sacis Just two umall commente. First of all 1 would hke to
ranforee whst Dr Ford sid 1o some examunatong [ made on

buman material 2 fow yeary Iwmqultc unable 10 yubstantiate
the work af Therman and fully agree with lvm
that the idea and even the facts of chromosome inconstancy arc

you fike to call it In snalyns Hruted to the old spnous cells of the
-hnwtfmmdnbcrutgg;pamtnhhccclhm & chromocentre
n females, and that o fo sectiom, where wgc(
nfewlcutmnnycnt.}thmkn’mnymgmapply
duhomhypoﬂxmo(“mnmmthe»mllcdnﬂmwbxchm
gets m the proporton of nuclear sex 1 quite wnecenary  beciuse
no accemary bypothem i really needed in order 1o explam the
obierved facts,

Sexr [ would also hke to mintantiate what Or Sachs end
Dr Ford have pst sud. We tned to cut out any damage to the
tmuum son xod to obtain 2 pore nwue by cultunng

totcc{\'wccmﬂdgttlhigﬁcrmcmugc,mdhx
:hmgrmmcmt. In fact in the pure cufture m w
weﬂlowcdthcedhxomdem-phlc,wh-dmunudgﬁ«grpa
cent. Ve are now attemipting 10 do thy on cultures from one
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nngle ¢ell from which we hope will be able to produce something
approaching 100 per cent.

C. Lzvaroaerrarr I too want to support Dr Ford and Dr
Sachs with completely independent data not on chromosomal
counting but on DNA determinations which we did 1n the
endometrium to test the data of Timonen. We found that there
132 very good correlation between chromosomal number and DNA
content per nuclems. We found a rather good diploid peak in the
endometrium with a very few cells which were hypodiploid and &
very few 1n 2 small @i, which were towards the tetraploid state. T
think that even thee two tails which we found by DNA may
be explauned on the baus of the method which we used. Asa rule
there wasa vcryg:d that is a wonderful correlation between
the diplotd number of chromosomes and the DNA coatent.

Kinoer  Agan, I would [ike to confirm 1n amnion we too were
able to get counts up 1o g9 per cent of sex chromann positive cells
1 culture preparavons when no sections were made On the
average, however this was reduced to g1—g2 per cent. There s
defimtely a small p of nucler which have no 1ex
chromatin and perhaps 1n these the cxtremes of chromosomal
vanauons may come 1nto play  On the whole one docs have very
much higher counts on matenal not sectioned than on sectioned
matenal.

Suzyrmi  In my talk I presented all hypotheses unpartally
and drd not cularly favour the hypothesis of somatic
ancuploidy of Timonen.
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HUMAN CHROMOSOMES

C. E. FORD PhD
Member of Seventific Staff,
Medical Rescarch

Research Undt,
Advenic cacusch Establnbrmen!
H Beriobire,

Two years ago everyone knew that human beinga had 48 chromo-
omes. A year ago knew that the number was 46 Now
tlycdnmcumufmmilp:nthnbnthdncnumbcnmrm
different individuals, as well a2 the intermedmtc number 47
What b the evidence, and what are we o beheve?

The problem i best treated hustoncally  The earher wmvem

tott &l used vananony of the clstcal haw procedure of

twmn embedding sectoming and stk bacrvations were
made at metaphase cither of muoes (iwmally m spermatogoni)
o of mewoss in s Y But ding the carefu}
attennon mdcuﬁ:—lartcchmqwmcc)uvmwmaumdw)y
crowded together i the equatonal of the spindle 3o that
counl was 2t best tedhous and t and xt worst quite
m le  In tha early peniod the namey which stand out are
those of de Wintwarter and Punter  Dc Wimwarter s dasmcal
&?ﬂ publshed n 1612 ended the wutal phase of wildly

ccurate counts. He snd that the diploid number i men was
47 xnd that there was an unpared X chromosame in
spermatocytes  Panter {1923) followed with the smertion that 4
way the correct sumber in both sexer (although m a prelimanayy
note te had been uncertamn whether 1t should be 48 or 46)
Theseafter 1t seemed that the mngle rexnaming point at isue was
whczhcrlhcmnlchadq?chrmm(\o)ot.sf(\’s') Only
de Winiwarter and ho emodates ed the XO mterpreta
tion, and nnoe dealve evidence of the exutence of & Y chromo-
wome m apermatoCyies vt oiven by several aindependent
mpﬂ%ﬂﬂmndmtdaymdamcmbcwﬁdy
quoted 1 texts of all sorts.

Work on mammalian chromosomes was dow 1o get after
the Second Woeld War but when xtd)dltcr_hn& atlon
followed In rapid succesfon a wumber of fnnovatons was

3
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introduced to improve the accuracy and ﬁccd of observation by
n the separation between individual chromosomes.
They 1ncluded thcmﬁumh method (onginally develo by
Hatz for plant ma 1n the thirties) the use of colchldne to
inhibnt spindle formation, and the exposure of tssue to a hypo-
tonuc solution before fixation 1n order to swell the cells and scatter
the chromosomes within them. At the same time the sharpness
and speafiaty of stammg were ved by the adoption of the
Feulgen and acctic-orcein mdﬂo Eac:yol‘ these Plt alone
makes a connderable difference to the ease and rch:mllty of
counting and the effect of combining them can be enormous.
Prep arc alo ob d much more rapidly In the dmple
squash method, freahly fixed toue » stnined and then
teased or tapped ont m a drop of 45 per cent acctic aad on 2
standard glan microscope thide befare covering and squashing by
thumb presrure between sheets of filter paper It may be thought
that such a procedure would damage the chromotomes. Their

tial relavonshipy are necemanly altered, but, when properly
Elzd,thcymmdxmmltnmmnndwm-mndu to a con
siderable amount of apparent ill treatment wthout breakage or
morpboloﬁz change. Squashing is, however liable to rupture
the cytop! of some so that fragments carrying one or
more chromosomes may be lost and counts of lem than the
standard mumber result.  Although the principles behind these
newer methods are well understood it 1 not to be supposed that
they have yet been thoroughly exploited there is plenty of

opr:'rtumty for further advance

the summer of 1956 everyone was su (to say the lcast)
to learn that the nu:chpmd human diploid number of 48 might
not be correct after T-.kﬂ advantage of the new methods
'l'jlu and Levan (1956) counted 46 chromosomes conmstently in
dividmg cells of tmue cultures established from four aborted
human embryos. The cultures were pnmary explants of lung
which had been grown for a few days only and the quality of the
photographs which illustrated their paper was sufficrent guarantee
of the accuracy of thelr counnng It is known that changed
chr b ly appear in cultures of

tissue after several senal tramfens er and Moorhead, 1957)
and 1t i possible that dsjunchonal irregularities are more com-
mon at mutosis n pnmary coltures than In intact toue  But the
constancy of the counts made by Tjlo and Levan was such that
1t could be tafely mferred that there were 46 chromosomes in the
foetal lung cells g’cm which their cultures were established. Later
tn the same year the ncw number was confirmed in preparations




HUMAN CHAOMOCIONEY 153

made from testicular e taken from three men ¢6 chromo-
lumubdngfomdnupcrmamg\mhlnxn hzscnnda bevalents
at metaphate in prmary spermamcyte

9,
i%cdxﬂ‘ntmxbctwccndwnmmdthcbldcounnhldtobc
axplamed somehow  The pomible exwtence of a real varfation i
chromonome number hetween mdividualy was consdered ¢ be
very unlikely all the arcumatances poipted 10 a0 ent erToc
inwunﬁngumtxhdwmamhkdycxplm {Ford and
Hoamerton 1956) However very recently 1t has been claumed
that in & sample of tweniy-onc Japanese men, sixteen had 48
chromosymes, one of them 47 :.ndfour 45 The chscrvatiom
were made on tastcular pwz:‘amm by Kodam (1g947) who
beleves that the addstsonal nmma(m cxcem o?45) may
be alin to the supernumerary mert,
known 1 occur m phnumdscvrrdcpcaao{mvmc
brater In thex species the frequency of supemumersry chromo-
mnmv:naﬁumonepopuhﬁcnmmthu bt withm & popu
iatlon the distnbuton & wrvariably ummodal (cxcept 10 some
tgcduof grames where & speaal mechenmm » known to opexate)
Kodan: s sample 1 0 sharply bimodal ar to rugget strongly that
xtwuduwufmmnpopuhdnnwhithdoanotamﬂxm 1o this
rule A vanety of mech conld be p d to account for
mchxdqyartum,mrpng&ommntmﬂcdmdnjmcuonm
maoli:lanntrmtzvcmlting rvm!nfmcmzhouldbc
capable of d stan by oy of accur
Should Kodani s counts and mterpretatnn be confirmed it would
be a ntgabon withont known el wmong vertebeates,

Meanwhile Dr J H Tjso informs me that he hay exarmed
cultures from seven more embryos and that all have 46 chromo-
somes. Mr J L. Hameron and Dr U Mittwock and mysell
independently have made counts on tosticular and bone masrow

tioos from nme move individuals with the same rerult.

g"imﬂy Dr T G Hwm, Dr J G Gall, and Dr E A McCullogh
have each allowed me to quote they independent un

binhed (and In the lant case prelimunery) obscrvanoss on
guumanthuccul!um Mot of these were frohly atablnhed and
they included one serics grown from various organy of a female
regro crabeyo  The observations were made fa three diffrent
laborstosses i the Umted Smuandeadn,anduumppm‘t
the number 46 Itmrmnaﬂctoumdud:!hatﬁlwm
mm'cth;n4§chmmomm of they occnr at all mupst be relativel
rare among winte people  Further counts on sndsviduals of \bc
Jepancsc and other recet will be of great interest.
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The precse human chromosome number 1 not directly
relevant to the problems with which ths Symposium b concerned,
but 1t has been discussed at some length to give an 1dea of the
gmcut state of development of human cytogeneties. The identd

tton of the sex chmm::;nclfh of more tmmediate importance.
At diakinens and meta, of firnat es, the X and Y
chromosomes are um.afly amaatcdwmﬁntﬁ]?; to form a pro-
minently unequal and asymmetrical bivalent, and are accordingly
(Fig 1) The X chromosome 15 the larger and
u ﬁ-cqucntg bent in the middle at a position which probably
represents the centromere The Y chromosome 13 much smaller
It is by no means uncommon et late diakdnesis and meta to
find that X aund Y arc scpamate (they have probably ined
Ekrcoocrou:ly When this occuns Y tends to become round, and
thorter thicker and more rod lke (Fig 2) Although recog
nition 15 8o straightforward 1n male meioss the sex chromaomen
have not yet been identrfied at mitoss. Here the chromosomes
look very different, especially after colchlane or Colcermd
:':nuncnt {Fig 3) The X must be one of the mcd.lum(—)lcnﬁh
romosomes and may prove impossible to dntinguish n the
other hand there wuu.lcF scem to be a reasonable pomihility of
being able to recogmze the Y as one of the shortest chromosomes
present, partcularly if, a3 scerms likely 1t has a terminal
centromere

There 13 now strong support for the behef that the prominent
chromatin body or chromocentre, present in the Interphase
nucler of many trues of females 1 the product of funon of two

heterochromatic regwomns one in each X chromosome The
correlauon of this structure Wlth fcmn]c sex 10 normal individuals
of several species lete that 1ts presence or
absence 1 now widely acocpted a3 a relable indicator of tex.
The bality that it 13 in $ome way a sccondary product of the
female genotype, perhaps indicative of female rm‘.Eu' than male
hormonal statws would seem to have been eliminated by the fact
that cat embryos can be clamified as chrom,lu.n—pc-ldv: or
chromatin negative at atages before any mnrphologuunl
sex differentation have appeared (Graham, 1954) t al ug\
the present cvidence indicatey that the presence of two
chromosomet is necessary for the app of “sex
jta characterstic absence 1o certain tmues of fomales (e g lh:
basal layer of the skin) shows that the \\ constitution alome 1

pot ! some other unidenofied phywological factor 13
required for {ts expression By hypothesis, fajlure of this factor
would lead to the non-appearance of the sex  chromatin m an
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XX mndmdoal The pl y posability of the spunow
appearance of sex’ chromatin in & genetic male » more difficult
to en and there 15 no reason to that it t occur
The o need 1 to make combined observations of both the
scx  chromatin and the sex chromesomes 1n tissues where the
physiological conditions are abnormal. Excellent matenal for
such a purpose would be ded by human intersexual ind:
viduals. Teratomata should abo provide valuable informaton.
The direct determination of the sex chromosome constitution in
such materzal would scem to be a more than formdable under
taking when the normal number of chromoomes 15 still a matter
of debate ond the \ and Y chromosomes have not been identified
n somatic mitoss. Nevertheless, 1t should be posmible for a
himuted contribution to be made now and I am confident that
the continuous improvement of techmecal methods will steadily
inereue the range of situations which could be studied

At the present time the best opporturuty would appear fo be
offered by the chromatn poutive cases of Khinefelter s Syndrome.
In some of these patlents spermatog occun, although only
rg‘oradlcaﬂy i testes which are appreciably reduced n wze
(Ferguson-Sruth e &/, 1957) Current theory would predict that
2 symmetnical XX brvalent should replace the asymmetrical \Y
bivalent at diakinens and metaphase in primary spermatocytes.
This should be capable of verification by exmting technical
methods, although it might require a lengthy search before a
tubule with spermatocytes n the required stage was found.

The intriguing explanations of human intersexual states put
forward recently by Danon and Sachs (1957) suggest the
bility of a cytogenetical check m two other senes of caser
interpret cases showing the tasticular femimzation syndrome as
ha an WXY sex chromosome constitution Thete patients
should thercfore have one additonal chromosome 1 their
somatic cells. In the absence of spermatogenesis, dividing cells
would be required from some other part of the body The short
term bone marrow culture techmque developed by Lajtha c(]l_zj:)
provides satsfactory material for chromosome oumber det ne
atlons, although the use of cells cultured from matenal taken at
a biopsy which caused lews dncomfort to the pauent would no
doubt be preferable. The second scries of cases which would be
of interest to xmuug:tc by these methods ks the gonadal agencls
group some of which Danon and Sachs suggest may be WY /XX
or \AMNO mosmcn

Although it is doubtful whether direct observatlons of human

chromosomes wall ever prove to have clinfeal value if they can
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help to establuh unequivocally the relatiomhup between the
X  chromann and the sex chromosomes they will have
performed 2 useful service for clmical medicine.
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DISCUSSION

Lrmvox 1 wonder if we conld ask Dr Ford to lay down what
we ought to do with a testicular opsy remembermg we have to
do both histology and s chromosome count?

Forp We umally put the small piece of taticular tisne fint
of all mto hypotonic saline (half normal phymological saline) for
half an hour Then fix in acetic alcobol for 1-2 bours, and stain
by the Feulgen method details of that you can find of course in
D on and La Cours hitle book. The materal can be
stored In 45 per cent acetic 2ad in the deep frecxe for & long, Jong
tume and be referred to amy tume. Recently I have found that
cltrate 1 rather better than hypotomdc salme. We have only had
five cases 50 far and tho mosomal cytology techmque I
%h}ycmpmulmdllmnn‘cwwiﬂg:tpmg‘n:dvclymom

t methods,

Sacms I am particularly keen to know whether there n any
thmg 1n the of an XOXY and possibly of an XO which
I was once enough to put forward. Ifany cliniclan has a case
which n of a peculiar nature it 1 worth while examinmg the
chromosomal complement wang the methods as detailed by Dr
Ford.

Baxz  In many sex t lar tmue 1 not Labd
ather becaute gonads are not t at all or arc 1 the pelvis
and not lvulagfe. Doz'uu thmwn.b while cxplodngdt.hc
posmsibility of growmg fibroblasts, say from dermms, in tisme
culture and wing that sort of approach so that 1t can apply to
all typa of intersex ?

Forp Yes most certamly that o what I impled, but that
would involve more work,
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THE SEX CHROMATIN BODY ITS
FINER STRUCTURE AND BEHAVIOUR
DURING AMITOSIS OR ENDOMITOSIS

HAROLD P KLINGER
Department of Anatonry
Univerrity of Basel, Switrerland

Bamn and his co-workers (Barr of al, 1950 Graham and Barr
1952 Moore and Barr 1953) proj that the sex chromatin of
the female nucleus 1 the result of the funion of the heterochromate
ruom of the two X chromosomes  Crouch and Barr (1954)
ound that some sex chromatin bodies consisted of two portrons
and suggested the term  diplococcus  for such split sex chromatin
t and 2) This diplococcws form should not be confused

with the double form which I have described briefly elsewhere

(k’[h_:ﬁcr xdg57) and which I will discuss below

study war undertaken with the intent of determinmg the

t":ﬂu wath which the diplococcus sex chromatin occurs
ous human umues Detals concerming the matenals and
methods as well as the complete fin are given in a forth
coming publication (Khinger 1ggBLJWI the md of an improved
stamng procedure (hlinger dwiglgﬂuwdlumth
the phase contrast mucrosco, ltwupmi?etunmgmm!ht
diplococeus form of the sex matin in all of the human tssues
studred. In some tsues the diplococcus Is more difficult to
recognize than 1n other. I part this nn due to techmeal factors.
The thin embryonre membrana which can be mounted whole
and fixed rapidly grve the highest counts of the diplococcus sex
chromatin In these membranes 13 5 per cent of the tex chro-
matin i of the splitform. Errors due to the clumping actlon of the
fixative and the malalignment of the sex chromatin in relation to
the optical axn probably reduce the frequency with which two
such small bodies, which are about 0 § u in diameter and separated
a distance of only o3 s, can be resolved. It is therefore very

y that all sex chromatin conssts of two portions. In additson,
other details of finer structure can be recognized within the sex
chromatin, Often vacuoles most commonly onc or two (Figt. 3

o
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and 4) sometimes up to are present. The sex chromatin
may wupn:lfonm,wh:chwhcnptujcardoumldnglcphnc

]
r G:;' g -®. |&u‘ H{ “-’"
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Fros a0 show the soccomn stmgen of  revoamtracicd amuiceis or eado-
‘oieoms from amnkodc cprhelam. The muckear paks i each beloog o

Frow 8 %0 & The seme la Fig. 7 bet thoe are chordn con-
et vasoc mucks. Mot that in d the dengbier muckd are sull conmreed

ATl mocie] are wabied 10 the thioni methad dexribed In (8)
P 3.5 7) sod e are & megfcatin of 30X all
i

(Thet pltegrepee o sgreecad by parurovase of ek Froen b W Tork )

suggest the letters “M° or “S” (Figr 5

sometumes emerge from such structures (Fig In preparatiom
lmmdlu:rdlngmtthcu]gcnmﬂhodwi?Jthtmul
counter-staln, a small green nocleolorlike body was sometimes
found adjacent to the red sex chromatin [see colour plate IIT
Fig 1¢ 10 Kimger (1957)]
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These scem to support the th of Barr @ o statmg
that the sex tm 8 derned from the funon of the two
heterochromauce (heteropyenotie) portions of the \ chromo-
somes. In ths r’?rca the work of Ohno of «f (1956) 13 of par
vcular interest. These workery showed that the sex chromosomes
were heteropycnotc from the pre-leptotene throngh the diplotene
of the first mesotic prophase in the rat testis. ““The \ chromosome
again becomes heteropycootic at the tcla?h:x. Thus the
daughter nucla which have recenved the X chromosome are

y dishngumhable from the others which have recened the Y
chromosome—in ths material 1t has been found that the
chromosome alone 15 too small to be recogrured consutenty of 2t
be heterochromatic.  \Moore and Barr (1953) reported that the
sex chromatin could not be sdenufied m rat nucle. Others
(Castroetal 1956 Rlinger 1952) have been able t find naclear
sex differences 1n some tssues in thn ammal. It seems most
Likely therefore, that the heteropyenone body Ohno of of found
1 the tocyte 1 related to the sex chromatn in the soma
tic nu It is thus ble that they have shown us the
tranqton from the sex r_mmmmc: {or at least \ chromesome)
of the dra nucleus o the sex chromatin of the interphase
nuclens. In ther pnmany spermatocyte there was only one \
chromosome to follow and yet it yrelded a heteropymonc mass
which was large cnoﬁ-i:om be well visualired. It i1 reasonable to

N mosomes would y1eld a double man
the diplococcus type. The pyr phulic and the rib ]
digesuble vende which the above ated workers found to emvelop
the heteropycnotic sex chromosomes may be related to the
nucleolus-like structure which I often fourd m relation to the sex
chromaca  The veside however dna daning diakiness in
the rat spermatocyte. It could possbly t m the somanc
nuder and would help explain some of the m
mternal structure of the sex chromatm. Similar studies to those
of Ohno o &l on somatic nudel dunng mitens conld posibly
settle the problem of the direct onigin of the sex chromatin of the
female nucleus,

In additron some nucler 1n ammen and chorron were seen to
contain two complete sex chromatm bodres, each the same wze as
a nogle sex chromatn. Either or both could be of the diplococens
form (Figr. 70 84~) These double bodies were ted by

dustances. Petry and Dammlngcrt(dxfss) a3 well as othen
that amitosis 13 the means of divison 10 amnion
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observations thiy bolds true only for the amnion of newborn
infants. In earlicr embryonic stages mitoses can be found wath
regulanty A more de! report on these observations 1s forth
comung It Is interesting bowever that in the trophoblasnc
membranes from newborn fants nucld could be found which
show forms wuggestive of amitons or endomutosis. In such nucled
double sex chromatin bodies are often found  From a reconstruc
uonnfthcdxvixloncydc[nﬁzzdmltalnl(}‘igx7 B} 1t seems 23
if the sex chromatin enlarges while the puclear chromatin

nucleslus then dvides and moves to the opponte poles of the
nuclews which by this ime has asmumed a dumb-bell shape (Figs
82 and ¢) and finally the nudcus divides (Fig 8d) Each danghter
nucleus recefves one sex chromaun body and both mudd reman
within one cell  In thiv way many cells result with two or more
nuclel each nucleny contmmng a sex chromatin body (Fig 7¢)
It is too carly to be able to evaluate these observatons completely
Interpretation of recomstructions of a nuclear cyce from fixed
matenal can at best serve a3 & bam for a working hypotheu,
Studles are now in progress in thus laboratory which, it o hoped,
wﬂthmwfuﬂhuﬂgb!onthnpmemuweﬂuLhcgmcml
blems of amitosis and endomi

The axthor 1 deb ol to Praf G 14 off Hodegger Dum
epartment, for ¥ wikich mads thes coerk pasnble

& dxsalso te Prof Th Xaller Direcier of the V5 wmen s Hosprtal of Basd
Sfor the provision of matmal }
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These fin scem to support the theory of Barr 4 of stanng
that the sex matn 18 derrved from the fosron of the two
heterochromatic  (beteropycnotic) portioms of the \. chromo-
somes. In thi the work of Ohno ef of (1956) n of par
tcular mterest. workers showed that the sex chromosomes
were heteropyenotic from the pre leptotene through the diplotene
of the fist meronc prophase 1n the rat tests. “The \ chromesome
agam becomes het tic at the trloyhm Thos the
da tanndanhu—hgrcrccu\-uitbc

disunguphable from the others which have recerved the Y
chromosome—in thy matenal 1t has been found that the 3
chromosome alone 13 too small 1o be recogmzed conustenth 1f 1t
be heterochromatie.” \Moore and Barr (1953) reported that the
scx chromann could not be identified 1 rat nudel. Others
(Castro et al,, 1956  Klinger 1932) have been able to find nuclear
sex differences m some Gssues m thn ammal. It seems most
likely therefore, that the heteropycnonc body Ohno o o, found

m the ocyte n related to the sex chromatm 1n the soma-
LU It v thm dble that they have shown w the
trannnon from the sex mes {or at least \ chrommome}

of the dm nudens to the sex chromatin of the mterphase
nudem. In ther pnman spermatocyie there was onh one \
chromosome to follow and yet 1t yaclded a heteropycnonc mass
which was large o be well voualired. It 1 reasonable to
believe that two \ osomes would yield a double mass of
the diplococeus type  The pyrommophific and the ribomuclease-
digestible vencle which the above ated workers found to envelop
the hetero) tc sex chromosomes may be related to the
mucleolus-tike structre which I often foand 1n relanon to the sex
chromatin. The vende bowever dmay donng dakmess m
the rat spermatocyte It could posn in the somanbc
nucler and would help explain some of the ibed details of the
nternal structure of the sex chromatin. Similar studies to those
of Ohno ¢ al. on somatc nucde during mmitoss could possibly
scttle the problem of the direct angin of the sex chromatm of the
female nuclens.

In addmon some nucle 10 amnron and chonon were acen 0
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In mammals no exception has yet been reported to the role that
the male 1 the heterogametic tex, two unlike sex
chrommomu,nhrgcr‘(andarmmimmthebom
gamene female has two identical X chromosomes. The unlike
vex chromosomes of the male vary greatly in size both relatve to
on:-mlhu-mdmthccthummbcnoﬂhc d complement,

L&:rmcd:utmm’na The field vole Moty agrestts for
cxample giant sex chromosomes, both the X and Y far
L‘:}cr than any autosome. ln another rodeut, Reftus ous

coxcha) both sex chromosomes are again larger than any
lutc-mnc though the ty 18 not 3o striking as {n Aliretes
In pnimates in many other rodents (for 1mstance the
mouse) the X u a medfum-nzed chromosome and the Y one of
the smallest of the set, I-"mxllyinm-mym-uwphh,t}m\’hlo
reduced 11 fize @ to offer di 3
AayctLhc-rcnmun:qmvomlinﬂnnc:ofm‘(Omﬂcinmy
rrummahlnﬂ];reda,lhoughllmlvbermmhcrtdt}mtfmmny
yeans de Winiwarter and hus followers contended that there was
Bo Y chromosome in man. Two posnble cates have been reported
rceendr—Mnuhq (xg_',7) has rrpu-m:d 17 chromosomes in the
somanc cells of both sexes 1n the fossorial vole Ellabos fntescens
In enother n.ud dou:lv related speaes icretus (Clilotus) oregem
the @me author (1957) has reported chromesome numbers of 17
in the male lndxasznthcfnnzlc the occarrence of an
20 ralen thnlpccu::. A full imu-pfeudonul'lhcmd:!u-
mmmg mechannms In both these species would be of grear

Inn few specacs a second, different, ¥ chromosome ocenn,
lndmt‘:-a{uregulul hnvct:mcmnrcd\mmuomethmfcmnla.
Some five 1 nlymcb
hawbcmrtponcdinm-mm;l:,o(whid\pmlmblymcbqt
known are those of the marsupul Poteres indocplus, and of the
comnmon shrew Serex araonms Inbolhlhucq)caut}}c Ay
s
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?‘hrlt))mt‘:tl_s;m;(\,) x;lmuch larger thauthd;c ua‘lyn;l Y chromosome
¢ bio sgnificance of of sex-deterrmning
mechanum iy obscure. ope

The behaviour of the sex chromosomes at the finst divinon of
metons has been the mbject of controversy for a number of years.
Koller Darlington and ther collaborators (1934~1941) inter
preted the sex chromosomes as composed of hormologous segments
(which pair at the of meioms and form chisymats) and
heterologous, or dufercntal segments which do not paur  With
the exception of the cat (Kaller 1941b) 1n which 1t was daumed
that there was a median differential segment separating two dutal
punng scgments, the X and Y chmmmomqofuﬂtpcou
examined were supposed to conust of two segments one of each
type If thu hypothens 15 correct genes located in the panng
scgments of the X and Y would proumably underge crosng
aver with one another (and therefore with sex)  they would thus
be only partially sex hnked, whereas located 1n the differ
cntial segments would be totally with tex. No certan
examples of partm! sex ¢ ;n mammals have yet been
reported. Onthcbuhofmrpothundremucnmoftbcu
brvalent at diakmesis and p 1 controlled by the thon
of the centromeres 1n relsuon to the and difierential
scgments and by the number pomtion amount of movement of
thechusmata  termuinal amocations are interpreted as aring from
the movement of previously mterstitlal chiasmata to the end the
process being known as ternunabization (Darlington 1937)

Makmo (13;1) Matthey &1949) and others connder on the
other hand, that the X and Y chromosomes remaln s separate
entities throughout mexosts and that therefore no over
can occur between them., According to this hypoth the
termmnal association of the \ and Y as scen 10 many mammals,
including man, is 1nterpreted as being due, not to terminalization
of previowsly lnterstioal chissmata, but to some more per
functory” amocation (Makino 1941) According to Sach (1954,
1955) at pachytene 1n the mouse and i man, the sex chromo-
sommes are not paured in the same way as the autcsomes but are
imchided 1n a special “sex vencle  and chisamata are not formed
between them. S (1985) however believes that the X and
Y chromasomes m the mouse are in fact patred rormally at y
tene, but unlike the autosomes are alyo assoctated termunally with
a ‘pufly” region which 1 presumably equivalent to the “sex
vende” of Sachs  In ho 1954 paper Sachs gocs on to say that the
absence of chiasma formation between lhe’{lndY;ccmxloi,::c
charscteristic of all mammals which have 0 far been studled
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Although e of the sex chr palr in man and the
mome (Ford and Hamerton 1956b and blisbed) is not
with Sachs E\mmmm

natalowss (== Afastomys mdu\ i mm—ﬁaﬂv 1n accord with the

e Y R

;‘:’Ia\'"?.") ‘e .

«
of e of Rate \Alechyr) melekacsis
(700 Arrow poim to the wx chromomme. Fro.  Speramogonal
ok 3t Pachrytroe aorsomm vex brvaient show

views of Roller and Darlington. Only a brief account of the sex
chromosonyes of this wpecies has been publuhed (Ford and
Hnmmm 196a) A:‘l.readylutcd\hc‘{md\mthct\o
largest ch the X\ bang a httle larger
than Y  Thu b well gétt?crmtogomx!mcuphx(ﬁg t}
No scx vencle can be det at pach: instead there are
three clearly defined reglony—a t paared region, an inter
ulnryunpam-d (differential u; u,md second termunal
mmgiybctu-opymoncpan (Flﬂ n) The structare of
the sex brvalent 1n this be nmilar to that




28 SYMPOITUM ON NUCLEAR SEX
inferred by holler (1g41a) to exst in the cat. It may be noted

that at pachytene the sex brvalent 1 precociomly
mnpﬁ wm rclaton to the autosomal bivalents Thy is a

n, and as yet lained pcrtyofthencxchmmmomc
pair In ‘mammajian zocytc meloshs (cf. SlxynsH, 1955, on
the mouse) Enumutmn of the \Y hivalent at duakanens reveals

two types of structure one m which there is undoubted termunal
apociation (Fig g) and snother 1 which amociation by a
clamcal subtermunal chiasma seems to be equally clear (Fig 4)
Whereas the first type can be int ted according to the views
of etther Koller and Darhngton R; skino Matthey and Sachy
the latter can be explained only by the hypothesis of Koller and

on.

It is to be hoped that with advance in technique the interpre
tnnon of the morphology and behaviour of the veucle  will
be clanfied. The structure has been observed at pachytene in a
varicty of speces, and has been stated bySm:lu(P‘ 1955) to
contain 1n part or 1a whole the anpaired rex chromosomes. It s
virdble from the carliest stages of meiosis as a more or less hetero-
g(cuouc vesicular-thaped structure  but disappears by late
plotene at which ome the sex bivalent can y be
1dentified as a definite chromosomal body A detailed review of
the hiterature on the ‘sex vencle 10 mammals 1s gaven by Tobras

(1936)

?uu.lly if & one to onc relationship between cytological
chizsmata and gencnc -over exiits for the sex chromo-
somes as it fa crally cved to do for the autosomes

%\:u cn nlt.hough the gmcuc evidence m sdll
shown here B bpot

moompauhle wir.h the occurrmce of pa.ru-l sex linkage 1n
mammals.

bwszkmumuthEFM the URC Redie
gical Researck Ut at Harwell for maxy s suggestons )
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DISCUSSION
Sacs  There s one amall point which T did not quute follow
11 Mr Hamerton s really fantastically beautifol slbdes, In the
slide of the pachytene stage (Fig. 2} the autosomes were all very
whereas the tex chromosomes were not 2t all, but at

(X-":g,.glndn were all umformly Al in
addition to thae you call pairing which are
obv:mnlylymgnmlotntho\hu‘ lhacw-.um ¢ slide a large
hetzropyenotic lump on top Illhuahopxnaflbelabwlkm
or 1t part of an autosome?

Hawrnrox It has been observed 1n other amimaly that at

0
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referred to Dr Sachs 15 defimtely part of the sex

chmmmmmc‘mditb;ubcobmwvdmtbcbatprepanuamw
bave a double structure.

Sacia My mmul’mrlhinlg point, not that I of course

tha ﬁndnvu—ydxﬂknhwuchw

and chiowma

chromosames at exactly the same ttage and gi the ame
preture.  Abo that in mowse and Jz man the eex &mmmomc
comstitution 15 not the gunc #5 you mever have 8 piece outiide the
vetlcle and a piece innde the vencle in the Latter

Hasxtow  Tho agun o debatabde. Shrymali has worked
extenively on the meaotic stages in the mowse and has clalmed
that m fact the sex chromosomes are partly in the vesicle which b
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the same cellular structure (Lcux:htczubcrgcr et &l 19562) ma wiill
be presented in thu report. Whule there is no time to descuss any
of the techmques employed I would Like to show briefly the micro-

spectrophotometer (Fig 1) which, as you see, Is just a mucroscope
combined with a photometric device which allows absorption
measurements of light 1n & single cell sructure. The amount of
Light absorbed at a wavelength specific for the chemical com

ponents to be mvestigated ts the quanumbon of the syb-
stance. Foe the determmnation of the dry weight a Baker iter

{erence microscope way utilred which i shown 1n the next
figure (Fig 2) Here the measurement of the retardation of light
introduced by the cell structure permits the determinaton of the
drymmofndugicccﬂlmcmrcmahuarpcrmnudm Usually
the phase shift of retardation of light 18 obtawned by matchiog

isually the density of the background and structure but as you

can see, we combaned the mucroscope with & &bommctnc device

s that objectrve matching of densltics i1 possible
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o 5. Schemate dogram of Baker maafcrence trosope with pbato-
metrie  tacheents,

A ke morierrscs Secrverepe K Lomp et wtth AT pmarcnry
ittt ver pat e s
O Quarerewwy omarioves Pt L Tresbemer
D Viemroeg e ebpacters M Phvietubs power mpply
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B s Ko g8 10 [ e e S0
] Lamp
II RESULTS

For a comiderable number of yeans we have applied these

:Jr:ﬂw to the study of the desoxynudlcoprotans in cells of
human taet, and in 2 vancty of pathological conditions

such as tumours, vinn dheases hormonal disturbances (for review
sce Leuchtenberger 1957 1958  Leuchtenberger and ten
berger 1937) Onc problem which we have studied extennvely
for the last seven yean b that of male sterility  Here we found that
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the same cellular structure (Lcuchtmbcrgt:r e al 1956a) as will
betﬁrucmcdinmhrrport. While there 1t 0o time to discuss any
of the techniques employed, T would like to show briefly the micro-
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Fro.  Vielbie macromperctrophotometer (modificd after Poltoter and 1 foses)

D = Duplitgen Lever r Pram
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spectrophotometer ( 1) which as you sce, B just A mucroscope
combd ad with a _l.:ig jc device which allows absorption
measurements of bght 1n a single cell structure  The amount of
Lght absorbed at a wavelength specific for the chemcal com
ponents to be investigated Pcrn.ﬂu the quanutation of the sub-
stance For the determination of the dry weight a Baker inter
ference _mi was utiized which Is shown in the next
figure (Fig 2) cre the measurement of the retardation of hight
introduced by the call structure permits the determination of the
dry mass of a uingle cell structure such as a sperm nucleus. Usually
the phase shift of retardatnon of hght » obtaned by matchung
visually the demsity of the background and structure but, s you
can see, we combued the m:.a'mcu;)cc’with a photometric device
mm(objccuv:mmchmgofdnm I e
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MEAN AMOUNTS OF DNA (FEULGEN
MICROSPECTROPHOTOMETRY) IN
3000 SPERMATOZOA OF 55
FERTILE BULLS

30|

- o o
o o 1y

FREQUENCY OF DNA MEANS

S

“

-7 " Ls [ 23 27
MEAN AMOUNTS OF DNA IN ARBITRARY UNITB
Fra 4.

linked to a bauc protem which has a conspacuously high amounnt
of argmine 1n bulls, the queston arose whether the proteins in
hmnanrpamnuddwgglhow.nmﬂu ttern  For these
studies severnl thomand indvidual sperm mucle of 34 fertile men
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ltlmouctygmofmﬂcnmhrymmanmdmtdcmnbca
plamned on the of deficent amounts of DNA 1n sperma
celly and mature spermatozox. Fertile men as well as fertile
have a comtant haploud amount of DNA while sterile men and
bulls have a deficlent amount of DNA and show a great
varinbility i their DNA content (Leuchtenberger «f «f 195
1955, 19568, b ¢, d Leuchtenberger and Schrader 1955’),
OF DNA (MCROSPECTROPHOTOMETRY OF FEULGEN
REACTION) M SPERMATOZOA OF 21 FERTLE MEN
N 583) AND OF |3 FEATLE MEN (N 983) STUDES DONE
AT DIFFERENT PERIGDS (932 TO 1954}
—— 0 AT Wiw
— EFLATR, NN

40

30

20

PERCENTAGE OF SPERMATOZOA

-— [ ) [
AMOLNT OF DNA IN ARBITRARY UMITS

N NMBER OF SPERMATOZOA MEASURED
MEAN AMOUNTS OF DMA REPRESENTED BY VERTIGAL LINE
Fo.s

Although thus i not concerned wath the problem of
fertibty neverth cﬂlwuldhkctﬂlbﬁwbncﬁyr\tnﬁglm
which demonstrate (Figr. 3 and 4) the comstancy of the DNA
content m tozoa for both fertile men and fertile bulls
because 1t was thar DNA constancy which led us to mvuutg]u:
the behaviour of the protemns jn the sperm nucler I think these
ﬁgmumtunlylhmv the striking constancy OfDNA[ro::uipcl"m
to in fertile s but d ate the v
m the quantity of DNA between humans and bulls Sinee we
know that sperm nudci are madec up predominantly of DNA
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DETERMRATION OF AREA, DRY MASS ONTEFFERENGE MCROSCOPY! DNk, AND
FRGINE FEULGEN FRST GREEN MGROSPECTROPHOTOMETRY) 1 THE SAME
HIMAR SPERM MUCLE]

PEMNY | 108 mow
WER T ORY WASS | DA ] pping
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7 T4 64 248 124 200
. 7 60 250 ) 250
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0 K 8 242 101 240
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i3 76 33 274 ur T34
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7 " (33 258 o ms_i
i8 80 68 274 Hr 2“...4
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20 91 a7 264 e 2%
MEANS 77 28 248 ) 15
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nuclel Tt can be seen that there u relatively litthe vamerr e

:_p\‘rm to sperm
urther note
very hittle fiom the mcan

the (abic above (Fig 6)
‘;fchbm values for human sperm nuclel & w7

mass DNA, and wgeee, (o =
t}mm&hcd?lﬁo br:;;_hcen DNA and
o of &

T

1p FzoER -
which gives & chasaeprme s
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behaviour from sperm nucle to nucler can be seen. How
ever there 1 one very obvious difference between the bull sperm
and human sperm nucler that is thelr content of argmine which
n ngnificantly Yugher in bull sperm than 1n the human sperm
nucler. In the table below (Fig 7) a comparison of the mean values
computed on the bass of an analym of over 22 000 individual
nuclei Is shown. It i evident that there 11 no signrficant
erence in the dry mans and only a small difference 1 the

DHA, ANGININE AND DRY WA WHLUES POR
BULL AND HAUN SMTRM MLt B

WETHOO 1 T e
Masdisy ! De | ANGRENE | DN ANGROE | DRY WSS
MOOSPECTROPHOTOMETRY | B | 304 @ 47 7!
« -
mp::srm
INTENTRENCE WCROSCLPY rowe | 2% 10 208 6
- -
[ TR 7 ) 18 148 —
ROCHEMSTHY
IVENDRILY AND VENORELY]
[ — — — —

B ANALYSIS DOME OH OVER 22,000 INDRDUML. NUCLET
Fio 7

DNA content between bull sperm and human sperm nucle.
However the arginine content of the bull sperm nucler is nearly
8o per cont hugher than that of the human sperm nudler leadmg
to significant differences in the DNA/arginine rattos. A com
parson of a bsochemcal analyss done on the same material by
the Vendrelys (1953) thowt indeed an amazi good agrecment
between their data done on bull sperm sw, oms and our dats
done on indrvidual bull spermm, and certainly Jends confidence to
the human dats. This relauombsp between DNA arginine and
dry mas a3 establshed by mucrospectrophotometry and inter
ference microscopy 5 an additional analysts of which a
charscteristic cxample n given m Fig 8 Since the dry man of
sperm nacld can be accounted fariy DNA and proteins, the
protein can be easily computed by subtracung the DNA from
the dry man. In the bull sperm we have 7 X 107 mg dry mass,
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3 X 107 mg DNA, thercfore 4 X 107* protdn or approm
mately 2 ratio of 40 to 60 per cent. In the sperm we have
6-6d:yman,25DNA,thmem4pmtunnndlg\m:§mﬂ
mately 4o per cent DNA, 6o per cent protem as mn ball

COMPARISON OF ORY MASS DNA, PROTEIN AND ARGININE N
SPEFRS NUCLE] FROM A FERTILE BULL AND A FERTLE MAN.

FERTILE BULL FERTRE MaN
N 80 X 40
R 120

PROTEIN

B ES
PROTEN

N NUWBER OF SPERMATUZOA MEASURED
P 8

swpermm.  However thcugmmcv:ommtufthcpmtdminbu[h
1 apprommately 50 per cent while in humam 't » oaly go per
cent, and it o therefore the of the Lﬂmwhxchﬂlﬁ'l’f\nglz
different in human 23 com with sperm nucles. Althoug]
the implications of the finding cannot be asened at the preseat
tune, neverthelem the difference 10 the compositon of the proteins
between human and bull sperm nucld b of interest if we take
1nto condderntion that the desoxyn telny in sperm nucld
themselves are the genetic material or at least the carrier of the
genetlc materml. ’ﬁ)erm]mlﬂ‘ﬂlty of crom fertilization between
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behaviour from sperm naclet to nuclel can be seen How
ever_there u one very obvious difference between the bull sperm
and humm:Ipcrm nucley, that is their content of arginine, which
u:igruﬁauy er in bull sperm than 1n the human sperm
nuclew. In the table below 7) a comparison of the mean values
computed on the bans of an analyws of over 22,000 indrvidual
nucler 1 shown. It is evident that there 3 no significant
erence n the dry masys and only 2 small difference 1n the

DM, MRGHIE MDD DRY 1B WLLES FOR
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DNA content between bull sperm and human sperm nucla
However the arginine content of the bull sperm pucla o nearly
8o per ccat higher than that of the human sperm nucles Jeading
to mgruficant differences in the DNA/arginine rattes. A com

of a hiochemical analysts done on the same materual by

Y B
tween ther data done on bull sperm smspensions and our dat
:conc on individual boll sperms, and certatnly Iends confidence to
the human dats. 'I;T;dercl;ymmhm ip bctwc:nwpho]fuNA, .rgmxdnci,n:;d
man s establ crospec metry ani
?;-ymc: microscopy t, an additiona! analyxs of which 2
charscteristic example i given in Fig 8 Since the dry mass of
perm nucled can be accounted furiy DNA and proteins, the
teint can be emily computed by subtracting the DNA from

ﬁdrymm In the bull sperm we have 7 X 10~* mg dry mas,
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THE GENETIC IMPLICATIONS OF
NUCLEAR SEXING

LEO SACHS Ph.D and MATHILDE DANON Ph.D

Department of Experimental Blology
Wetrmann Tostitute of Science,
Rebovoth, Iome!

Ix the study of any organmum, the gencticnt is interested 1n finding
out where genenc factors are invalved and how they produce
thar effect. In the field of human sexual development, he 1
thercfore interested in finding evidence of chromosoral abnoer
malities and gene mutanons and in studymg the relatiomhip

FREQUENCY OF "NTERSEX" CONDITIONS
AND PROBABLE {+)} AND CENTAN (4 +) GENETIC FACTORS

::udermoum
n:)
Troe barmaphesdring L ] L -
ety Mt ” L +
Possloiurmactrod e
e fornsies. - + +
Wt adrenal Inyperpicey a8 + +
Fandie Fovmisturmapheadcies, . _
el sdrensl iryporplasmy —
Sax reversal I Kinefoiter symdronae +
Ban revarssl m egecees of O gomich +
Fuo.

between thewr occurrence and developmental sbnormalines nince
thn cn help to cluadate not only the development of the
normal but abso of the
‘bThc study of was untll recently the only source of
ecndence ofm le genetic ﬁcmnih;u;an mta-ral;;‘;gty E
famiiial ence
bas indeed * fratfl 'pp??lnmu (Fig 1) a definite

n
bc"nl mm% m two intersexmality syndromes
s
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the adrenogemital (Bentinck of &/  1952) and the testcular
femuniration” syndrome (Taillard and g'nrlcr 1957)
The method of nudlear scxmg and jts application to haman
llx)nr:)c;_'m for the l}?hmmm of which we arc indebted to
eror Barr and colleagues (Barr 1954) has diclosed 2
number of facts, which stres to an even greater extent the
importance of genetic factors (Danon and Sachs, 1937) Of
pam)m%x{:m(aut bcm‘_me of thelr novelty are
o existence of mosalc having patches of
cdS: of vamable extent presenting ugcr the female orpat.tm male
mmm (Danon and Sachs 1957) Such somatc
mosaics originate erther through the fertiizaton of an %
ovake (presumahly bunucleated) by two sperms (with an X and
2Y) or through the loss at a later stage of development of an \
chromosome In a hine of somatic cell. Such trganmm are not
morphic, unce in gonadal agenems there is no male
to bring out the male phenof Iz can be amumed
that real gynandromorphs could exst in humans only among true

hm%:udim.
» cases with excesuve numbers of somanc nuda with
chromocentres (l-_shoom to normal rhales wnd fema}a%
(Danon, 1957) 'They belong to & clearly inherited syndrome  the
oy 1 trelzati yadrome, which ; a well
scparated clinical ennty (Hamblen 4 of., 1951  Schneider o o,
1957 Morth 195%) and are chmczautj by a resdstance to
androgens (Wilkms, 1950 Prader 1957)

(¢) The cases with complete sex revenal from a female sex

chromosome comtitution to a male phcmctﬁ'pc. bclomng chimc
allytothe true” Klinefelter s syndrome (Hellerand Nelson 1945)
Thedntinction between “troc and “falsc  hlinefelter’s syndrome
which can be made histologically has been found to correspond
always to the XX and XY scx chromosome constitution respec
tively (Nelson 1956 Rus @ of., 1957 Ferguson-Smuth o of
1957) The existence of familia] occurrence among them supports
the ible 1 basis of this ly (Relfc 1948
N. ¢t ol 1950 Grumbach e o, 1957 Pasqualimi ¢ o,
1957 Stewart #f ., ths symposium) w] remmds one of a
induced sex reversal (;JYEnnmdS;chs, 1957} that s known
lom!anrmu-plnth:mrm-nm, 1945)

The above facts can be utilized in to determine when and
bow genetie factors act in human lznnl ment, When the
type of ment of the gonad is affected, they must act very
carly nnd;“:lduuf teatis is behieved to start in
bumam at the seventh week of intra-uterine Ife. Vve bave
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THE GENETIC IMPLICATIONS OF
NUCLEAR SEXING

LEO SACHS Pb.D and MATHILDE DANON Pb.D

Department of Experimental Biology
Welmunn Instit  of Saence
Rebovoth, Iimel

In the study of any organism, the geneticst is mnterested 1n finding
out where genefic factors art mvalved apd how they prodmce
therr effect In the ficld of human sexual development, he n
therefore mterested 1n finding evidence of chromosomal abnor
mahines and gene mutations and in studying the relatfomhip
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between their occurrence and developmenta! abnormalines, since
tus can help to cluadate not only the development of the

rmal but abo of the normal o

nh%c study of was umlﬁ recently the only source of

endence of euc factors fn human Int ty This

has ndeed a frntful approach and familial inddence has

been reported in many of jntersexes (Fig 1) a defiute

modse of iInhentance bdngmn 1n two intersexuality syndromes
“
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chromosome or chromosome ts The mosmcs are extremely
interesting from tlus pomnt of view becawmse this 1 the sort of
evidence which led one to asume that you might have a moeed
cell composthion.

Rm Dad you find the mosaic pattern m mesenchymal tusue,
1n connective tiwue, and 1m blood forming orgacs or was 1t only
found in epithehal tguc?

Saces  That would be an extremely mteresting thmg to find
out, but unfortunately the only materals available were nopues
ofskin. If one could obtain tissues from different parts of the body
of these patients one might be able to answer that queston. Itn
an extremely important pomt, but unfortunately we have no
particular evidence at the moment.

Foxp I would like to ruggest that if anyone does have the
opportunity of examming a case which might be smpected to be
2 mosaic, exammaton of the hemopoietic tumes might be mus-
leading There 1s evidence of compentive replacement of one cell
geno by another 10 mice 1n the ctic system so thatif
you did have a mosaic produced (XX, XO) one type mght very
well outgrow the other completely and therefore the hemopozetic
timmes would not give you definite evidence. I should think that
epathelial harae would be much mote fixed and very much safer
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SEX CHROMATIN IN LYMPHOCYTIC
CELLS FROM PERIPHERAL BLOOD

POVL RIIS M.D
Medical Department N, Copenhagen County Fospial,

THE sex~chromatin 1 intermitot. somatic nuclel can be detected
1n Jeptochromatic nuclet only  When more or less pachychromatc
nucler form part of a given cellular matenal they are often
orutted 1n diagnostic counting  Certain types of cells are pachy
chromatse to such & degree that sex detection = imposnble. The
tu;.ll lymphocytes from penipheral blood are examples of such
=2

The questions leading to the present work were whether a sex
chromatin body could unmasked 1n these celly, and if such
sexing was possible, could an impression of the way an eventual
unmatkmg  took be obtained
Varous phases of cellular fanction are known to be related to
the Jear protem bol The latter 1 further known
to manifest :tself i certnin morphological changes in the chromatin
ttern.  Co ently a profound 1n ecliular growth and
ction wmm;g;unly induced tn small iymphocytes from pen
pheral blood with the secondary sim of unmasking  a s£X specafic
part of the chromstin
The technique employed was a 24 hour 1ncabation of human
buffy coat ents 1n & coagnlum of homologout serum
(Rals, 19578, b) By carefully watching the varous stages of
phocytic mng-rntlm a gradual and regular increase 1o nuclear
and outlne was observed. Synchronoudly with thu develop-
ment a regular splitting of the coarse chromatin blocks into mmor
fi ts could be detected, The end resalt m cells from male
duabs was a rather leptochromanc nuclew wath muldple
small (less than 1 z) peripherally bocated chromatin condensations
or a complete diappearance of particulate chromatin as a whole.
In cells fenale indviduals a nmilar dmsolution took place
with the exccption that scx-chromaun was cventually * un
masked” The form, and location of thus body was just like
thatof the sex tin 1n eputhelial cells, Axmallvacuole
vas seen m preparations of opumal quality  (Fige. 1 and )
s
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The significance of the present work » not of course to intro-
duce a new method of cellular sex deterrmnaton for routine
chnical work. For thus purpase the methods based on examination
of oral or urogetal desquamated epathelml cells are much maore

@@ &)

Fi and § of xocioar changes bn male mpbocyte (sop)
h@m)mm

converuent. It adds however a hittle theoretical know] of the
relaton between sex speafic and umperfic chromatin of mesen-
chymal cells Furthermore the applicaton of similar

on the sex-chromatin studies I hitherto unsexable celby from
certamn animal species might be valuable.

(The ds ars repraduced by $ of the Editer of Adta
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DISCUSSION

Romexmeoy Surre I would like to ask Dr Riis what propor

trom. ofmlc;ysggdbcytu after incubaton show ths differentration?
preparatont, almost every lymphocyte changes

13 morphology and shows this changmg amugcl:::mt of nudear
chromatin, but only about go per cent show this dutinct nuclear
condemation in female cells after 24 hours. The frequency mught
bcmuc.hhlgl‘:cr if you continue the culture for several days.

Lporox  Why can t you sex monocytes? They a to have
favourable nuclel. PP

Rm I have tried to sex monocytes in penpheral blood. There
might be a sex difference but, unng the snctest critena, T would
not rely on monocytes alone for sexing peripheral blood

Kivorn  In my exp after acid hydrolyns we cannot
®X monocytes.

Sprmaxx  May I ask Dr Rus if he has made the same
obscrvation of chromatin condensation 1n tusuc sections also?

Rm  No it is rather difficult to work with thus kKnd of cell 1n
solid preparations aa yoa only obtan the degree of differen
taton when they are allowed to siretch along glam surfacen

Bazz  Your that d sex cf under
druccondluamnh:ghbnnﬂ:;hackmmlmpurnnt to
Slirynsk s paper  You have senng whole nucla and [ think
this 18 an advanmge The tables of the nadence of sex chromatm
given 1n varrows papers are rather muleading  So far as our own
tables are concrrned we never intended to 1mply the accuvacy

example when stamning the whale ussue one can see thro the
thicknen of the entire nuclei and the madence n practi 100
per cent as Mr Klinger has smid.  Another imstance where the
ntuaton i favourable 1 the lateral gemculate body 1n the bramn.
The nerve cells there are very large and we had 12 & scctions and
we probably had most of the noucleus in the sechion. We stamed
with thromin which because of 1ts metachromanc properties 1
very good from this po nt of view 23 the sex chromatn stains a
little different thade from the nudeolus and the Ninl material
These two factors combined made 1t very favourable and the
inddence there was of the order 96-98 per cent. I want to offer
a word of caution about accepting the figures grven as being a real
reflexion of the stuation in the actual nucddd I don t think they
are  many instances,
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DISCUSSION

RorpexTsox Syt 1 would like to ask Dr Rus what propor

uo;;fth;: ly;&]:dboqwu after incubation thow this differentiation?
n preparators almoat every lymphocyte changes

its morphology and shows this changimg am.ngcllancm of muclear
chromatin, but only about go per cent show this distinct nuclear
condensation in female cells after 2.4 hours. The frequency ought
be much higher if you continue the culture for scveral days.

Lzorox  Why can t you sex monocytes? They appear to have
favourable nude

Rm I bave tned tn sex monocytes in peripheral blood. There
mught be a sex difference, but,unngthcm-ictatmtu—h,lwould
not rely on monocytes alone for sexing penpheral blood

Rivarx  In my expenence, after md hydmlylu we cannot
X MOoDOCytes.

Sespoaann May T ask Dr Rus of he has made the same
observation of chromatm condensation in usue sections abo?

Rm  No it s rather difficult to work with this kind of cell 1n
solid preparations &s you only obtain the highest degree of dufferen-
tiation when they are allowed tomcmhn%ongglumrfaccx

Bame  Your comment that incidence of sex chromatin under
these condittons is high brlnﬁ back in an important to
Shirynaln s paper You have whole nucle and | think
ths s an advantage The tables of the incadence of sex chromatin
given m varlous papers are rather muleading  So far as our own
tables are concerned we never intended to umply the accuracy
that one might nfer from the fact that there are actnal figures
down there Mechanical and techmcal factors are so very
1mportant n produang thoee results. In amnronic membeane for
example when staining the whole thwue one can see through the
thickness of the entre nuclel and the mncidence 15 practically 100
per cent s Mr Rlinger has sud.  Another instance where the
ntuaton i favourable 1 the lateral gensculate body in the heam.
The nerve cells there are very large and we had 12 g sections and
we probably had most of the nuclews 1n the section. We stained
with thronin which becawse of its metachromatic properties 15
very good from thi pont of view s the sex chromatin stains a
httle different shade from the nudeolus and the Ninl material.
These two factors combned made it very favourable and the
fnadence there was of the order 96-g8 per cent. I want to offer
uwurdofcnul.hnlbouna:q; ung the figures grven as beng a real
refledon of the ntuation actual nucles 1 don t think they

are 1n many jmtances
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C. Levcureraercer I wonder if a cytochemucal technrque
would belp you very much. Have you ever tried to use the enzyme
desaxyribonuclease which digests differenpally? In cytology we
usually we 1t to show very nicely heterochromatm mat Ir
you used 1t on the | rtes you could get rid of the other
chromadn Y ou mught be able to show the sex chromatn in the
monocyits also because after all it 1 only masked o tat?
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THE SEX CHROMOSOMES AND THE
DEVELOPMENT OF HUMAN INTERSEXES

MATHILDE DANON FPh.D (read by L. SACHS)

Wﬁww
varmann Inrtuate of Schenee
Rehovoth, Imac
Smore ‘nuclear sexing’ methods were apphed to a wide of
abpormal types of sexual development, ft has become ¢ to

clagafy these on the bass of their sex chromesome constitution
versus type of gonads and phcuoty-pc (Fig 1)
The 1ntersexes with an XX sex chromosome constitation show
a of intermediate phenotypes between male and female,
m%p{ne sex reversal with reversal of the type of the
gonad ( clter 3 me) (Heller and Nelson 1945 Thc
ntersexes with an XY sex chrommome constitution ako
degrees of phenotypac sex revenal, the complete reversal being
roba nrennctmchncxxhwbcprumtcdforlhcﬁmnmc
Ey B, Ashley at thn Sympomum. In cases of gonadal
enem, whatever the chromosome constitutton, the female
type develops thus being m agreement with theones evolved
E’ﬂmJOﬂJl cxperiments on cmbryonic catration (Jost, x'95o) In
one type of male 1 1
uon rynd.romcg (hnmblcn oo 1 Schnelder ¢t & 1952
Morm, 1953) for which cyto evidence ndlcates an ab-
pormal sex osome comstitution of the type YAY (Danon,
1987) a peculiar development occurs which includes active testes
with a characteristic female body differentiation.
\Vemllm.unlymnnda‘hmlhomauaoflmmunhtyin
which the gonads have been affected as thown by their having
undergone a differennation contrasi with the sex chromosome
constitution or by being altogether al t e the reversabs of
sex 21 1n hlinefelter s tyndmme dal agenew, and the  test]
'ﬁ:\- very early onsxct, therr re

ported familial indd lnd the fr q of two of
these synd genesis and Kl 3—with otber inherited
anomalies (Cafluh, 1 Nadler # «f 1950 Bamoce 1956

Grumbach e« & 1937 e already ked many authon to suggest
1
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humans) Both cortical and medullary elements are determmed
~—the medulla as a potential tests and the cortex as a potential
ovary The problems raused by the differentiatian of the gonad
up to this stage of development are nmitar to those rused by
GENUTYPE, MORPHOGENESIS OF THE GOMADS AND PHENOTYPE

XX/AA I XY/AA
1
L
Geoutioatty Ganeticoly
=Y Y
Foﬂd-aiﬂu-(!)g Fostal secrfions Q
JLIREFRITER SYNDROWE
Getcalty
deterunad @
Foatol secrations {
Phanatype

other morphogenic 1 an em Animal
ments based on delicate hormone amays (Padoa, 1947) tram-
plantation (Humphrey 1g928a, b 1 1935 Willrer

1939 Torrey 1950 Holyoke, 1955) and cultivation v stre
Volff and Haffer, 1952) have indeed all shown that the meduliary
m m males and the cortcal pnmordium 1n females are

very carly detarpuned with 10 their future differentiation,
longbcfon:mymorpbckﬁt differences appear  Thit led to
the banc asumpton that sex chromotome constitunion plays
the determining role m decidlng the differentation of the gonad
in normal development (Fig 2) The XX sex clromosome

{
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comtitution grves a leading role to the cortical pnmordium, while
the XY constitution gives a leading role to the medulla and in
both cases the heterologous prmordinm All these
events represent the mﬂ of wtnnue ular potentixhities
determned by genetic The development of the medulla
wncludes the ‘capacity of the eardy secretion of the male sex
hormone responsible for the differentation of the primary and
sccondary sex characters leading to the male phenotype  The
normal female phenotype presumably develops autonomously
without the need of hormones (Jost, 1950)

Also found experimentally in different clages of animaly, 1 the
important fact that when either the cortical primordinm n
females or the medullary pnmordirm 1 males u inhibited or
destroyed the other pnmordium develops and produces a gonad

10 1ts own deternunation, thus producing a sex revenal
(Ponse 1924 Witschi, 1929 Domm, lg%i)n

On the baus of these f2cta one can visu the type of mech-
anum through which genetic factors could grve ruc to abnormal
or revened gonadal differentation.

In the case of Klmefelters rome the formatton of the
undifferentiated  Anlage may be normal, but a genetic factor
present in their cell nudler changes the potentalittes of enther the
cortical or the medullar pnmordium, weakemng the capacity of
the former to form an ovary or renforang the capaaties of the
latter The result of cither event would be the same  the forma
tion of 2 testis (Segal and Neban 1957) The known bipotenu
ality of the xoma in 1ts resporse to hormones explains that tho
\X organasm which 18 unce the beginmung subjected to
hormones released by a testn, develops male pnmary and
sccondary sexual characterntia From the genetical t of
view such a supposed geneti induced change in the tron
of differentladon b not an ly event a number of mmply
and typically inherited genes are wn 1n Drosophila (the »o-
called tic genes) which are capable of about
much more stnking changes 0 morphog: such as g
the differentiation of onc tcgmnnm[orgnn nto another ie. an
antenna wnto a leg or a haltere 1nto a wing (Villee, 1942
Henkowstz, 1949) They obviowaly act through releaning the
expresnon of intrinnc  Peo) Intnnme potentalibey of

development are demomtrable 1n the recourve component of the

gonad when s & comp i SXper 7

Witschy, 1 Domm, 1939) We would abo

(mPomc,“ \.h.:%:t-aﬂ:l which h.'g’flrudy been mentoned (Danon and
Sachs, 1937) between the human type of rex reveral found in
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Klinefelter syndrome and a genctically condinoned sex reversal
in Drosophila duoe to a nngle recomave autosomal mutant gene,
which induces a lete reversal from female o male including
gooads and germ cells, the testes remalning small and the flies
sterllo (Sturtevant, 194 ) Witschi, Nelson, and Segal (1957) have
offered an alternative interpretation for the mechansm gving
e to & scx reversal of the type of Klinefelter syndrome. They
suggest that an impairment in the number of germ cells could be
the causative factor for the involution of the cortex and con-
sequently for the reversal of sex.  Although the cawsal importance
of the lack of germ cells is difficult 1o ascertain in this case the
experimental evidence ilable suggests the depend of the
germ cells upon the structural elements of the gonad and not vice
verma  their early destruction by irradiation produces normal but

nd sup) of whole segments of Limbs (ectromelia in
ma ) tion of a chromosome or part of a chromosome
—a Pty d d ekewhere and d by the ext

of mosaic organitom (Danon and Sachs, 1957)—could account
for the fmi[ur_ndy anocated anomalics.

In the lar f 1 ynd one deals with a
remarkable conditon 1 which & male gonad © functionally
active 10 an entirely though somewhat atypical feminme soma.
The genctical bass of this e y atablshed by the
exntence of numerous showing a definite e of
mhenmnce (Taillard and Prader 1957) Nuclear sexing has
indicated that there w a particular sex chromosome comtitution
(Danon, 1957) Here one can postulate that the peculiar chromo-
some comtituton 15 compatible with a medulla ominating
during differenuation that thu rarults in the formaton of a
testis secreting the male hormone, but that the raspomiveness of
the somatic tsues to hormones b altered 30 that there B no
masculinization  The lack of response to hormones 1s in fact
confirmed by the fallure of these intersexes to respond to the
admnntration of testosterone (Wilkins, 19,0 Prader 1957)
There n abo evidence in ammal geneucs of genctcal factors
affccting the responarveness of somatic tissues (Stern, 1955) and
the different senutivity of male and female ussnea to a grven dose
of hormone m some experimental conditions, patznllz; illustrates
the tcal conditoning of somatic respo: (Greene and

Burnll 1942 Burny, 1956)
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In the present ducusmon we have wsed the basic premuse that
the difference 1n sex chromasome comstitution between male and
female determines the relatrve developmental potentiahities of the
cortex and medulla of the gonadal primordium, We have tned

—
GONADAL AGENESIS

GENETIC SUPPRESSION OF
LOCAL MGRPHOGENETIC
PROCESS

NO FOETAL SECRETION
NEUTRAL PHENOTYPE, NFANTILE

o @

"TESTIGA AR FEMINISATION
GENETICALLY DETERMINED
MORPHOGENESIS

FOETAL SECRETIONS
BUT

CHANGED SENSITIVITY OF THE SOMA
PHENOTYPE SUI GENERIS Q

- &

In the goned the beary armows iodicate developroeot and the Lght arrows.
Fra. 3.

t to of human 1ntersexnality fn which

r utcn:i th'u'c:me'Pﬁcto:?rc lved with certamty or wig
sorme likelihood. We bave ponted out that the gencbe modes

action that have to be supposed {n tbmcdhvrdmm-fxmw

by similar cflects of genetic factor, whether on the sexual develop-

ment or in other ficlds of morphogeness 1 ammals submutied to

tal analyns. We hope td\:eha\\l:]bcmlb!ctgdmw

expenmental data 1n humans, such com-

\hnpawt b d;z;b;eﬁ:c;r&fﬁ'ul approach towards the undentanding of

some puszling cases of abnormal human development.
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In thc present d.hcumon we bave uted the banc premue that
the ce In sex between male and
female determunes the relative dcvc}apmmul potentiahties of the
cartex and medalia of the gonadal pnmordnm.  We have tried

SONADAL AgENESIS_ ]

GENETIC SUPPRESSION OF
LOCAL MORPHOGENETIC
PROCESS

NO FOETAL SECRETION
NEUTRAL PHENQTYPE, NFAKTILE

o &

TESTICULAR FEMINISATION
GENETICALLY DETERMINED
MORPHOGENESIS

FOETAL SECRETIONS
BUT

CHANGED SENSITIVITY OF THE SOMA
PHENOTYPE SUI GENERIS Q

@

In the gorad the hexvy arrws indicate developenent and the Ixh arrom
T 3

extend t to cases of human intaﬂunﬂty in which
to extend thn,comﬁpfmm e G oxtaary o i
Iikc_lﬂ)ood- We have pomtcdwn.hntt.begcnc c modes
.oamme that have to be supposed in those disarders are eled
nmilar effects o etic factons, wbcthcr on the 2 dcvc])op-
ment or in other ﬁjmof mOTp sfs in smmals to
expenmental analyms. e hope that we have been able to thow
\hnmv.h:uhu:nccofcx]xﬂmmtnl data 1n humans, such com-
parmons may be a fruntful o ch towards the understanding of
puzshng cases of abnormal human development

;ome




CONOENITAL LIFID HYPRRPLAHA 63

_]U.d,gtd by ncg:uvc Ashbel-Sehigman reaction. Additional char

cterohics, cdulcmndm;ly ere the occarrence of patchy
ulcnﬁ.cnum: of hipid erystahs, and of mulanudeated guant cells in
the b c cortex,

The cortzeal b and the accumulation of lipld matenal
reminds one of the adrenal changes observed 1n mats treated with
Amphenone  As this substance 1 known to interfere wath the
synthests of adrenal steroeds, the mnrplmlog-nal appearance
mggt:txupnmxrymcubohcd.uorduuf adrenal cortex in our

Thn 1 nupported by our studies on the adrenal functon, um
maarrred 1n Table IT results leave no doubt as to the exstence
of a general adrenal inmffidency The adrenal cortical hyper
plana shows clearly that thn imufficlency u not camsed by 2
prnmary ptultary dsorder but repeesents @ primary adrenal
dsorder  Additional evidence for a prlmxry dmrdcr of the
adrenal cortex 1 the plete lack of rap 4
ACTH.

Such a pnmary adrenal muffiaency can only be
a metabohc defect 1n the adrens! stermd synthens C('le ble III)
In the adrenogenital syndrome the enrymatic block » 1n onc of
the last steps of thn syntheshs namely between 17 OH progeste
rone and cortisol. This leads to the accumulation of mtermediate
steroids and thar metabolites but pot to the accumulaton of
hpld.i and cholesteral In contrast to ths, adrenals with Lipid

are characterized by an enormow accumulation of
hmd:mdcholutaolnndby m'Ihnghckufkctnncrdeu
judged from functional and hutochemical stadies. Thus
an enzymatic block in one of the first steps of sterold syn! c.d.l.
In other words, there aro reasoms to place the pnmary metabolic
defect of hpid adrenal by lagia i the fint siages and the
nmary metabohc defect of adrenogenital syndrome in the
En mgu of adrenal sterodd syntheshs.
ws to the last problem, how to acconnt for the
fem.‘ﬂc gemtalia in boys. How can this defect of gemutal develo)
ment be related to the defect of adrenal steroid synthem? T&
most reasonable explanaton 1 to ptnmlntc that the enzymatic
defect of sterord synthess affeco not only the adrenal sterowds but
also the testicular steroids  The inability of the fetal testes to
produce tosticular sterolds readily explats the lack of male
gemtal development  The syntheads of testoaterone is very sunilar
o the of the adrenal steroids.  Both stuet from sectate
ch:I:uml and Involve the transformation of delta-5-steroids
nto delta-4 Letosterolds (Table ITI)  An enzymatic defect 1o the
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of the adrenals’ 15 caused by a hered: h?icdcﬁ-clmlh:
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leading to adrenal isufficiency and preventng the normal
development of male gemtalia,
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PROBLEMS IN INTERSEXUALITY
CONCERNING THE SEXUAI DUCTS IN
TRUE AGONADISM, GONADAL
DYSGENESIS AND TURNER S SYNDROME

C. OVERZILR, Prof Dr med.
Oberarat der Medizinfschen Unbrersitatsklimdk,
Mainz, Germany

Durira the past few years we have seen many mndmdual observa
tons of gonadal duct dusturbances 1n which the sex has been
determived from the nuclear chromaon nodules (Barr and
Bertram 1949 Barretel 1950 Carpenticretal 1 Grabam
and Barr 1952 Lupathin and Prader 1956 M er and
Nelson, 1gs4 Moore and Barr 19 Prince 1952 Prmee o
al  1958) or by Icucocmt.:‘ examington (Davidson and Smith
19, oscnow and Schoaen e1356 Kosenow and Scupen,
1956 Sobval and Soffer 1952 Wiedemann et el 1956 Wicde
mann ¢ ¢ 1955} We fcci’lt now esscntial to depart from older
systerns (Kermauner 1924 Klebs-Sauerbeck, 1870) and to
substitute a new one

As clinical observutions (O{vg:;ar 1985¢  1956¢ 1956%
1957) and anmal experiment 1941 Jost, 195
18?7 Raynaud and Frlley 1947 Overmer 1956a) indicate
the observed anomalous development of the sex ducts are due to
developmental dutnrbance of the gorads and the manmer of
formaton of the ducy depends on the ume of this dsturbance
(Overmer 1956a) The clinscal cases which we see often months
or yeans after full development, vary because of the presence or
absence of the bormonal factor and this variatton may be quite
extenstve, We can and must trace thh back to the manner of
formagon thus we must ook at this problem fimctionally

e must distinguish between developmental disturbances of
thtgomd;nndthc'cufthcﬂunldum. Both can be daturbed
1 development clther alone or together  Stange (1956) some
mhsngopa{mnednmmvorthyapmmcntmnncﬂ'onm

nce gonadal deformutics. With to the sex ducts, 1
mthnnmmllq)mmmb (Dan ff 1941 Jost 1957
&
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1956  Qvermser 1956c  Raynaud and Frrx’n‘l 1947} xad the
ogwmuom on true hermaphrodies, vath sex ducts deve
loped under the direenon of the tests and fomale under that of
the ovary (Overmer 3g55c 1956c) have demorstrated that thewr
development depends on a stmudstion from the gonads  the
dmlcpmcntofluormﬂmdudpxmgp{pmu gonacds xnd
ot the reverse The vast enital dd'wmjua arc
cauted by faulty gonadat foxmlmn hohmd fnulty duct forma
von on the other hand, w quite mare 1o other chser—im genetic
ally female vxr%uunumnbcmdncmhormonal
stimulaton thcxdmnzlmﬂu Broater ef of !%53 Overzder
ng.a“ 1gs6d 1957 o o, 1953 rader xg:{u,
udGlmncr x9‘g5 wnd 10 rare cawes to the applica
e 1 preguaney (Overmer ¢f

or hm—mon pm‘iucmg tumoun o the nt
(Brentnall igq5e  1945b ja\-cztmdF‘mn, 195¢%

In oomndenngthemn of sex g iy a
casnficaton such an already been outimed u rwccsnry A
herma te has & ducrepaney the sex of the and

that of the duct  a truc hermaphrod te when gonads of Xy
are confirmed hutologmeally and a perudobermaphrodite when
one may equate the gonads to cne sex and the relevant ducs to
te sex. As long as the histologeal formauon of the
mﬁ” it defined, we may wath advantage retain the sub-
(}mummcm: Aboveall it can be shown thar male
me cﬁ.bOc oale sex m? female
dohc tes of the female sex (Overaier 1957
P*“ dgmnf the nuclear commatons myy
demommt:donthzbzmufmcncwfindmglmd&cmﬂcd
Khneelter's syndrome  haiological gonadal formations appar
ently abke but on close rmpecuon diffening ocmrlnlbxt\mtypa
indicating the likelthood of a diffarent msoner of
{Jackeon # & xggi Nebon 1936 Qvermer 19y thk.cu
and Barr 1936 benmann, 1957) Research which Nelason
(xgﬁ has performed cnables w to define our boundarnes cleady

respect.
A large number of cases requirmy sl further rabdviton are
those descnbed a3 ovanan agenessy (Quider and Sdver x953
and

Walliny and F!mchmmn, 3 ) ovaran splatz (Lndane
Ramnde 3946 sw:léi?cr 1954) Ronadal agenem
{Mvelscn, 1936} oc m:tntl) (Gordany of .,

1 Grumbach ¢ of, 1935 LcmaixtncL 1933)  Since one
ggr&fcmnxmm‘h;mmirﬁy xa"mbk:roxck
x clear and mexnangful conception, Oncunmxdullcngetbe



68 IYMPONUM OY NUCLEAR $EX

term gonsdal dyigenens as 1t cxpremes a disturbance in the
development of the gonads The gonads are damaged at some
period of the embryonic life, and are more or less destroyed. The
term  gonadal ey frequently used to deseribe this condibon
 upjustified and  ovarien agenens o even lews warranted as only
a small proj on of the cases are chromotomal femala (Barr
1955 1956 Carpentier o & 1956 D<Court o ol, 1954
t, 1956 19532 19535b 1984 Grumbach ¢ al., 1935

Hauser ot #f 1956 ow and Snen 1956 Lamy &
al, 1957 Lenz 1956 1957 Neamann o of, 1956 Nelson,
1956 (')w:r:lcr 1957 Polam o ¢l 1954 Schoncnberg & of
1957 Sun and Ra ffnxlgfﬁj * An agenemt in these cases really
does not occur for n actual fact the gonads start to develop and
later degenerate  The Greek word “geness  (ongin) 1 napplhc
able here

In most cases only gonadal remnany, such as stroma, are
found. One can, however deduce from development of the ducts
the fact that the gonads were present at an carher stage, because
the gonads stmulste the development of the sex ducts. Tha
capaaty of the gonads to sumulate the development of the sexual
system 1 the deading factor (Overmer 1g55¢  1956a  1956¢
1987) 1t may be added that one can find a deranged d P~
ment of the sexual ducts in mndmviduals normal 1n all other
(Hauser ot @ 1956 Hofen and Jackson 1957 Khnclelter
e o 1942 Mormns, 19535 P o ol 1984 gcbnddcr and
McCuollach, 1943 Schnader ¢/ of 1952 Swyer 1 Green
blatt ¢t o/ 195(? Gordan # & 195 ? and 1 md]gﬁuah with
multiple deformiues, e.g Turner’s syndrome. Cases with Turner s

drome have been frequenty clesnfied upon external deformy
ties. In Tumer’s syndrome the gonads are affected only as part
of the other ces, ime and extent playing a mgnificant
role 1n the development of the duct system. From thi pomt of
view I cannot accept the recent gene-theory of Hoffenberg and
Jackson (1957) postulating three mdcpendcnot-.i:?:l for nfann
lym” Shortness of stature  and ‘muscul ta] anomalies,
etc.” although I too am quite farmiliar with cases with only one or
two of these defects. As; matter t):rinmbc:z the nohn;m.l loobH.ng
emak” {with gm.d;:] ysgeness) can sten to have cubitus
gmlgus in(the photograph these authors publuhed  “Normal look
ing' Turners syndrome with shortness of stature, infantilim but
other anomalies has been descnbed by Grumbach et of (19_1,_?))e
may

oo
Fhrengut and Batsch (1 On the other band there
mgmn[u?'nTm-mrl ¢ 57n)1c, such a3 webbing of the neck and

Toalgyemer 314 39 (1§D
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cubitus valgey 1 women with a regular mepstrual rhythm
(Perloff and Stan, 1953 Rom and Cafinch, 1951) From the
chimcal pomnt of vicw it may be necemary 1o te the different
types but we should not postulate genctically different syndromes
only because of absence or praence of one or other anomaly
indings like those of Prader (1g57a) and Taillard and Prader

E_-,‘; lhuwmgtcrdcuh.r fermmraton in ten family trees indicate
mfluence 1 the development and allow w to posto-

lxtz a genetically determined me. Thyu concerns
only the hereditary factors and not the functional cansal ongin of

Lh:j{hﬂmtypc.

ulrt:'u]uufarl embryonic castration (Enlone
and Rannie 1946 T]mt, 19‘3 1957) in both sexey, lea to
the formation of emale duct system, are well known
:x-phijhermJouwhythcscmamthdmmunoflhcgunxd;

ther ovarian or testicular—are of female phenotype as
lo ulhcdnm‘geoccurrcdwlywuug‘h. Should damage occur
to testicnlar anlage at a later tme, when a male duct syatem
hay already developed we aro presented with cases wth the
mulhple deformuties of the Tumer s syndrome but with a peon
and testicular rudinents (Cafluch, 1952 Dorff o &/, 148
Flavell, 1943 Greenblatt and Niel 1948 Halonen ¢ of,
1956 Jackson and HOE@E!;;?;? ames, 1952 M
1953 Martin 1947 M 1948 wﬂ¢§3g,
Reforzo-Membuives & «f 1949 Romi and Cafluch, 1
n.ud Sd]wanz. 51 Sougm-hﬂbn}m.n and uchon 19

m? mnybcahscntjascsofn&xs-[)y
t.cmculx.rl ﬁﬂy due to tubular fibross  (Nelsom, xggg) gcncdc
Klinefelter s syndrome”™ or ﬁnnll{

damage so-called functional prepuberal castrates’ (Hd.[c‘rdd.,
1943) T would bke, however 1o apply to the latter Atle a further
m n to scparate those cases m which testicular damage
occurred 1 the embryo from those in which 1t occurred at a later
period of development. Nelson 1956)hurcccnd indicated, too
that most of the casex which he ol an embryonic

rmﬁal;dcvdopmm‘.
cases are certunly relatrvely rare and unfortunately not
too well known. Becker (1957) recently daimed as unique & cise
of agomadum a term which he has borrowed from me aund
nﬂcdmmaly I believe that this case ma ddybtmnﬂda’tdu
ctional prepuberal castrate, with some deformutles as in the
Turner s :Indmmc. The occurrence cf"ﬁmcoomn] prepuberal
castration” dunng embryonic hife only be
amongst the many other e disturbances.
Becker ( g3ff) now sccepts my opodon.
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True agonadism which I have discused (Overmer and Linden,
1956) Is truly rare but of connderable importance in principle
I have descnibed two cases—nbs of 12 and 14 years—and later
Philipp (1956} has described another case, confirmung my findings
and fol! my explanations. Another caze to date unpub-
Lshed, hay been seen in Switzerland, while Carpentier (1956) who
clumed to have two cases of his awn was unfnrtuualdy%‘lmct
1 his agumption (lm) All threo cases—my two and that of

were genctically male, but certamly one day a genenc
ally female case of agonadum will be observed.  These casen of
truc agonadum  (here anorchism) are without any extragenital
deformuty  Since the gonads have never started developing the
Mallenan and Wol(Ban ducts are not sumulated and remmaun one
besude the other at an early stage of development, thus a well
developed epoophoron and a factal tube are found These cases
do not have & uterus, vagina, penls, ar scrotum but only a very
small penw-like structure wath the onficium urethre at ity base

These = ently very different deformuties can be
and co-ar ted {rom a functonal standpoint. A statlc system
wiuch differennates individual types from one another as intnn-
sically different doex not truly represent the state of affairs. I
have surumanzed (Overmer 1956a) these thoughts in the Taeory
of Inttial and Permanent Induction of the Genads which states

“The firxt ani of the gonnds stimulates the first anlage of the
Wolfan and Mullernan ducts g[n.m:l Induction) whereas later
through permancat wduction from developed gonads the male
or female duct system develops If a anent wnduction 1
found lacking then, doe to an Ininal Inducoon stimulm, the
development of the ducts of geneucally female a3 well a3 fic
ally male indmidusls follows a female Tjancm Whaen an
Initial Induction i not present then the Mullerdan and WolfTian
ducts remain one beside the other undeveloped™ (Overmer
19362)

SUMMARY

The author attempts to develop a new systematic subdivaion
of 3 vancty ofh-nzr?cxuzl on cimcal observattans,
nudear wx fuvestigaton, animal experiments  The gonads

sumulate the development of the sex ductr. The extent and time
of gonadal damage during foctal lfe influences the formanon of
later life harmonal influences may further affect the

‘dh:cthL - ent. A nmilar st of conditions may be applied to
1be d t of the duct syitem of cases of purely gonadal

damage a1 well a3 multiple deformune (Tumer’s syndrome eic.)
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In the latter case gonadal dsturbances must be conndered s one
disturbance amoogst many others  The genetic factor involves a
further subdivimon.  Rarely do gonads lack an anlage three
cases of agonadum have been pul ed to date amongst which
are two ;fomy own (Overmer and Linden, 1?56) Since there
no anlage, the stmulation of the gonads s found Iacking The
afInhalaJanquhﬁntfl&Gmdxs.OVﬂm
1956a) guides one 1n the subdrviton of the Intersexual forms and
enables a functional explanation of syndromes, which differ in
appearance, bat are i reahty nmilar 1n development.

:

(4 German vernsn of ths paper appears m Dextiche Medipmacks
Hockenschryft” (1958) 83, 648 and it 1t reproduced here by prrmisnon
of the Editor )
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Sachs and Danon s papes in the Leacet recently when I took 1t to
mdicate that these cases were pot only XX) but would have the
appearance of a fernale sex chromatin. Now I understand that
everyone else who has sexed any of these cases finds them to have
the male nuclear appearance I would hke 1 have a defimte
asurance from Dr Sachs that ha cases also appeared to be male
and 1f that s g0 how he reconciles 1t with hus n thar their
comtitution 5 \XY ? The other matter 15 that I think we ought
to try to scttle what we arc gomg to call these cases. Dr Swyer
1n a letier to the Lewet complaned aboat therr bemng referred to
a1 “tesucular femmizanon of AMorms  pomung out quite accu
rately that very maey people had described cases before Morms
and that all he had done was to gave them a label. I think we
ought not 10 uee Dr Swyer s own name of male herma
phroditsm  as surely there are many other vaneues of male
phroditsm. [t man catly exact pamne Tha
particular syndrome 13 one of very great intereat and one that 1
probably to have a deal of artenton pad to 1t 1n the
near future. It 15 emen therefore to a what 1t 15 to be
called, 30 that people won t start talkung about different thungy
under the same name, or the same thing under dufferent names.
Sacis I want to thank Dr Lennox for ramng thae points,
because there seems to have been some misunderstandmg of the
reasons why we suggested that  testicular fenunization  may be
AN} Conmdermg first the question of nomenclature we have
Do particular preference for the term  testicular fermmzanon  to
describe this syndrome (m fact it is not even stnctly accurate apce
the famnrzation does not scem to be induced by the testes) and
we ute 1t ouly because we feel that thus very characterotic yn
drome should have a speafic name and that the name suggested
by Morrs 1 the most converuent one to use at the moment, If

however anyone ty 2 more appropriste terminalogy we
would be qute y to comnder any suggested changes mn
nomendiatore.

Regarding the interpretaton of the sex chromosome constitu-
von of thr tyndmme,e?r)n clear that 1if one only exarnes o buccal
mucoss smear or a skin hiopsy by Professor Barr s method, one
wonld conclude that the sex chromosome constitutsont o Iike that
of & normal male, Le N} But when in addition one alwo examines
the skin for the proportion of cells with three and with two
chromocentres 1n the young celly, where one can detect
ndividual chromocentres (and the cannot be done with bueral
smean since these only contaln the older celly there is 2 dufference
In the two cases that we cxamined we fou a higher number of
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cells with three chromocentres than in ather normal mala or
females. \Vclnﬂzﬁ:nﬂyobmncddmumcmﬂtmbo{h
cases which came two different families, and 1n narther case
did we know at the time of the sex chromosome duagnoss the
of synd that we were ning Inmo{thcﬁndingm
many young spinous ¢ells had three chromocentres and for other
genenc reavont that I will grve Inter we therefore suggeated that
the sex chromosome comtitution may be WXY
Now why do the old spinous eclls grve a diagnons that one
could interpret as XY? In order to answer this one has to ask the
addivonal queshon  why does an XX produce a clear donble
W\c\rcmthcoldmmmccﬂ:m&mlumdwﬁvdou
not produce & e chromocentre 1n thae cells in
d-u:::i:? The:mvrcrtothnungcnumbcdntmakdnmﬂnmg
factors can inhibnt the capacity of the mngle \ to form a chromo-
centre m the old spinous cells of a normal male, 0 that one can
amume that they can also miubit the formation of a chromocentre
in these cells by the two X chromosomes in an XAY
1n addition to the evidence from the study of chramocentres,
there 1 also the tic evidence from the study of The
enstence of with ths syndrome has bern for
mare than forty years, and 1t hay been shown that 1f one adds the
mumber of norma! males, pormal females and intarsexes in these
pedigrecs, one finds a rato of one female to one miersex plus
male. Since one normally obtains a rato of one X\ to one
1t can therefore be amumed that the intersexes have a ¥ chromo-
some In addison, as Levit pomnted out twenty years ago, nnce
only farmhies with at least more than one case of this syndrome
be nciuded 1n a pedy there will be m the callecton of
the data a bixs in favour of the number of intersexes and therefore
automatically a reducton 1o the number of normal males. Making
allowance for this b in the collection of the pedigrees, it o
poetible to calculate that the rano of normal mala to intersexes
may also be equivalent to a o of on  to one  The syndrome »
transmutted only by normal females and one can explun the
chlgrcammonhmm ways—cither that the intersexet are
Y and that there 15 a motant gepe that determuines the inter
sexuality or that they are XXY  There 1 thnu thy gencne data
that can grve YAY a1 a porible explanadon and the daea from
the study of chromocentrey, that wat arrived at quite indepen
dently tImcannbobeccplamcdinmenmcmy
Swyra | have noobjection to the term “testicular ferminkzanon
which 1 thunk u probably as apt a description a3 any [ only
objected to the eponym “Morms' being applled. Ifan cpomym s
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attached to a syndrome, 1t should be the name of the fint n
who gave an adequate descniption of the condition and 1 don t
think that i true 1n the case of Morrls

Davmsox  In Professor Oversier s paper he suggested that the
gonad determines the ducts, but one can get a norma! testn with
absence of the vas  In such a case the vas must have been present
if there are kidneys, The mesonephnic duct must have grown
down to reach the bladder and have given off 1ts bud to produce
the kudneys. We bave got to cormder therefore not only the
development but also the ibuity of involution In the con
dition of absence of the km-ly: one does find evidence whuch
suggests that the involution has taken place through the proces
given the name of Streeter s dysplana for m the tssues there are

of old hemorrhage and calcification. Inonecare I found ma
bit of the fallopian tube which remalned calafication and hemo-
sdenin deponts nuggesting that at onc tme there had been a
parameson c duct but that 1t had undergone mvolution 1
think therefore that 1n addition to the posubility of the gonad
dctcrmlnmguﬁ ducts we have got to bear in mind that 1nvolu
non of the may have taken place. This may complieate the
diagnosws 1n some caser and even indicate another m um in
absence of the ducts.

Joar  May I 2dd a few comments or questons? Fint concern
mg “tancular feminizaton  If as Dr Sachs suggested the

drome results from a lack of senntivity of the warget organs to
:rcl testicular masculimzing seerchions then the testh i not
responxible for it. The expremon ‘tesucular ferumzatton which
ntroduces an madequate lnnation should therefore be do-
carded In hu very interes paper Dr Prader suggested a
lack of synthens of barmones by the adrenocortical glands and
the testes tE-hnps a3 ¢ co uence of an ensymatic deficlency
favouring view that the a cortex was not stimulated to
produce corticouds by ACTH May I ask Dr Prader if he tried
gonadotrophic hormone and if the teaths released more androgens
under such a simulation?

Praper  No we did not try gonadotrophic hormone Thus
was the first of the two cases we have scen—a boy  the other was
a gml—and the boy dicd long before we realized what was going
on The ACTH test was r;:t d;:nclhon the gid MWc xhﬁ
thought about it and hope to do 1t in the next case. May I a
oocwo:dnbout the nnmolc)e‘taﬂmhr ferunization  If Dr Sachs
1 right In his hypothesis, and I thinkm%!ylirtﬂpkbd‘m that it
i a resirtance of the end organ and not dysfunction of the tests,
the right pame would be an mborn androgen resutance that
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would say just what is gomg on, but I think we do not really
Inow wh th fs true. A colleague of mme m Basel 15 just
Eep:rmgnpupcri.uwbmbh:mntcnds!hnﬂlcmﬁ:nwmg
€ gave testosterone wnjechons and could provoke the growths of
haur which »'mn contrmst to the expenence of Wilkans.
1 there are not many patents where this has been tried.
So long as we don t know t the condition really , I thmk
femniration ma name As 500D a3 we know what
1t really o then ve must e 1t
Jost_ 1 would Like to a1k Profemor Overner one question. In
the differentiation of the sex ducts he distingmahes two kinds of
inductions produced by the sex glands  an imtialand a ent
induction. I did not exactly understand what 15 the effect of the

Imtual induction on the sex docts. I know of no Anmal exper-
ment showmg two tve induct! For m Wolff’s
cxperiments, in which he castrates bird cml at very early

stages, by x rays, he did oot notiee any initial induction. Con-
cerning the sex ducts I prefer another conception. From the
t of view of comparstive embryology the Woalffian duct 1
t a renal duct—the mesonephne duct—established long before
the gonad itself The Mullerian duct has also most probably
some early relatomhip to the pronephros  Thus the two embry

onic ducts are not scxual structures. The Wolfflan duct
1s Later fc i.ntortch:‘-lgmxml sphere Ig the testicular bormone
which transforms a ductmto & sex duct. This s 2 permanent

mduction.

Ovirzire  We think it 1 umponble to show the t by
expenment because the changes mmt occar too carly It » only
posihlo to castrate when the gonads arc there to a certain extent.

Barn  No one has mentsoned the theory suggested by Winchi
I dop t know whether anyone here has the sort of biological
cxperience to comment oa thi work—I o:rmiuly'hh:vcmn ﬁ
view based on experiments with frogs n t 1n gona
agenens, and psanandecntymmcLhc c diffi
culty may be the fertiization of an over ripe ovom, and the lack
of migration of germ cells from the extra embryonic entoderm of
the yolk sac.

Swyes  Apropas of this theory such evidence as there win
relation to mammab 1 that over-ripe are probably not
fertilirable, Certainly m rabiuts the b that within six
hours of ovulanon the cgg b no longer fertlizable and it is very
hkdymatlhcum:nuucmd::hummi?fmmchﬁdoumt
exclude the posibility 1t merely makes ft les

Jast  In connection with the polnt raised by Barr [ should
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Like to mentlon one fact. Gonadal agenens was recently experi
mcw produced in amphituzns by Houillon. In the newt
Pl es it 13 powhle to suppress more or lew completely the
differentintion of the mcsonephros by stopping at very earhy
stages, the caudal wards growth of the Wollfian duct, before 1t
reaches the level where the masoncphros should differentiate In
the absence of the meso no gonad develops  The first
anlage of the genital epitheirum retrogrenses and gonadal agencas
occurs. I don t know to what extent this result 1s valid for other
ammal speaes or for humans. But the possibility of a develop-
mentnl correlation between the condition of the gonad and that
of the mesonephros should not be overlooked

Lxmox uld anyone give any evidence as to the presence
of Wolffian duct remnants m cases of Torner s syndrome ?

Swyrm In so far as the gonadal remnant contauns & rete and
the medullary canal, I nuppose there are Wolffian duct remnants.
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THE SIBS AND CHILDREN OF
HOMOSEXUALS

ELIOT SLATER, M.D FROGP
Geneties Unit, Inettite of Prychistry Masudsiey Hospital
london, 5 F3

Asour twc:g‘fmn:go stmulnted by the work of Goldichmdt,
Lang sngg that gencte intersexuality mught play a part in
the camasson of bomowexuality He argued that, of some male
homosexusls were geno female then one should expect
an excess of males in ther sibs. He investigated the sex ratio of
;_hcﬁbaorxoxgmalehomcmnh and found & ratio of males to
emales of 131 J00 1940}  Similar tons by
Jensch (1941) of the Mﬁoﬂ Enonxxc:mh nbwadmmg:&cx ratio
of 115 100 Both of these greatly exceed the expected figure of
103 100
A direct test of Lang s theory wax carried oat by Pare (1936)
He examined the chrumosomal wex of 50 male homosomah, and
of g5 male and 23 feramle control migects He twak mouth
mpm,gx,nmncdtgmwxdwhmro fin and eoan, and exam-
med them for the presence of chroma ts, umng the cnteria
mutcdhylimcryandh{chlﬂhn ‘The slides weve randommred
© being examuned, so that 1t was not known st cxxminaton
whethes they came from probaad or control.  The tage
sncxience of chromaus spots ranged between 22 and per cent
s the scrapings from females, between o and 6 per cent n those
from males between o knd 8 per cent in those from homosesual.
It would scem then that the intersexual theody at beast in it
simplert form  would have to be sbandosed. The siteratron of
the sex ratip i the sibx of homosexuals remans to be explaned.
Some further confirmation of the existence of a shift nught ako be

thought denrable
For ths purpose a1 cxmmation was made of the case recoeds
of all pauents admitied to the Bethlem-Maudsley Jomt Hi i

dther @y w-panents oc a3 out patents {from the 1t ju‘{m_ry

1949, 10 the 30(\1‘_1::\:1:, 1956 mclmoe who had been clamfied

dingnostically sy subjects of sexuxl deviaton (3206 of the
™
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Yico oo on dmbaon 1 s (34 (3
Meun age of wotber at birth of patent 3 |y | B
Mean mumber of she y e Vs 3
Mean position {n wiwhip Bl el ot | o
Proporton of maka i uby o33 | o Ba ]
oI It} 6 .
+ L] 7 | ous

There are no sigmificant drfferences between the mean
admumon, 30 that we need not expect the other statstcal dat to
be influenced by the four diagnostic groups belonging to different
age groups.

The mean age of the mother at the hirth of the patent n

cantly her for the male homosexuals than for the
biaonisty, who are the only other of comparable sixe
the difference between the meam, 2-88 years » over four hmes
1t standard error  Looked at 1 another way B1 out of 240 male
ho! were born of mothers of 35 or over 15 out of 100
exhibitonsts  the value of y* for thn dstribuuon B 12°25 for
1 d.E, with P < 0001 In the cases of 46 homosexuals and 16
exhilntionuty, the age of the mother at the birth of the patient
was not known. It 15 pomble that a cultural factor underlies the
difference. The exhibrtionists probably came from a lower socal
class than the homosexuals, which would affect the mean age at
marriage of their mothery

The relatively lngh mean number of xbs of the male homo-
sexual would go agminat suggestion that there was some
factor tending towards 1nfe g in the family background It
aho o be noted that, though these homosexuals rarely marned,
1these who did produced a normal number of chuldren.

"The mean pontan of the proband in the sbatup was calculated

from the formula (z":)/w 1o which  Is the number of
-
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persons in the sibslup where the proband is mth in order of burth,
and X 13 the total number of e wicluded 1 the calentanan.
The cxpected value of this statmste s 0-5. [t is seen that the
h Is arrived ly fate 1n order of buth, Yo thy
respect mwmp&m{ﬂc with twiny and wath mongols  The
mean postion 1n the nbabip of 8 wenies of paychiatne twins { Slater
1953) can be cxlculated from the material there provided my
from Penrose s data o mongolum (Penvose 1934) a figure
of ¢-rg can be obtained.
Am(hdnwthodofmmmluioh:mmdama a0 be used.
Whatever 1ts mze, %, a3 defined & can be drvsded into x equal
parts ox quintiles wbcn-wﬂluthttliewhollyinmcogzbzm,
or be fractionally dutnbuted between two o three  In thn wa
th:d:ufuaudhln;n,whxmtharnm,anbcmmmﬂz
Dealt with fn thns way the data gave 37-2 homosexpal in the
firve quintile Mﬂmth:nmd,gﬁ—omthcthndci,!4mth.c
fourth, and 64 4 1 the fifth. Thr order of burth of 63 homo~
sexualy was not These show An excess i the last
o quunties which is highly t, xt 1523 441 P < oor
e muat now consider whether the late placing s bumth order
B to be socounted for the greater age of the mother at the
barth of the band. nhzr'lmﬂhc:fduaibcd by Penrose
(1934) may ﬁ?m Unfortunately in applyiog it to this
mmaterial, there way & large kom of information  both order
ang masernal age have 1o be known 1n the same case but aither
ot both were un wnmamghpmg\xuonc{thchrx:rnhhrpa.
The quintile dutnbubon carrected in ths way gooes the figuwres
902 272 24 4, 388 47 ¢ Theremill remunya for the
probands 10 come tate n barth order but it o 0o looger ugnificant
606 gdf P—o.soaﬁf
The male homosexuals had 562 male and 325 female sibe  the
ratw of 111 100 w oaly a jittle below that found by Jemch, but
doex pot differ dgmficantly from 103 s00 to pauaty of
aumbers, It i however worth noting that the tiomsts had
uumnffmlcdhs,xo? 144 and the difference between the
h h and the ext

b5 is dguificant, X 659 5 d.f,
only sightly exceeding oo1

It has been ted that a pouible explanavon of an excen
of males in the sibghup of male bomoscxuals mught be that the fact
T—— » oot i bm‘&adm’lnghgdld[g;od gt
mutuaf sex play occurting with &

have n A effect. If ths weve 50 oot might expect that
it would be sibe clowert m age who would have the greatert
prychological effect. However & count of the sex dutributiont of

|~
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next older and next younger mbs showed no ter male
prglqmdcrn.um than that obtaining in the totality of ubs

c male homosexuals had 23 male and 28 female children,
where the exhibitionists had 48 male and g8 female children. It
1 anterestng that the sex preponderance in the sibs b reverted 1n
the children 1n both cases. But the numbers are too small to have
any importance

CONCLUSION
As the result of our study we find a male nderance in the
sibs of male homoscxuah, confirmmg the euﬁcr work of Lang and
Jemich but smailer 1n degree, and in this material pot statstically
sigrificant  thus leaves the problem of the exutence of mch a
Erepondcrnncc and 1ts explanation where 1t was  In addivon, it
a3 been found that, compared with exhibinonnts, homosexuals
tend to be born of alder mothers, and are also born late 1n herth
order the latter effect posnbly being accounted for by the former
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DISCUSSION
Huaarrr  The pownt about the burth to clderly mothers links
up with the inadence of mongolism which also tends to occur
with clderly mothens
StaTER  Yes, indeed—I think the iterest of these findings
u that, if they were confirmed, they would brmg homosexuality
1nto lme wth these other conditions Iike twinning and mongolam.

Hugorrr  Apropos t that a substantiated poim?
Idoutdunkthftltpg:sbcmlﬁmthatnmvﬂhtcmnnbshxp
or the age of the mother o responsble Profemor Penrose may
know about this

Pomose  As far ms T know it 13 the materpal age and not the
birth oeder which affects tw

Sacm  Is 1t known whether 1 anything peculiar 1n the
finger-prnt patternt of homosexuals as there o in the finger print

?

lords
Wm?ﬂﬁvm we have not looked at any finger prints.
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TRANSVESTISM

C. N ARMSTRONG M.D FRCP DPH
Lecturer in Chndeal Medicine, Unfrenity of Durbam

To open a docuwion on tramsvestnm I mntend to describe a very
typical case who coosulted me recently  He has been fufly 1o
vestgated and 1llustrates the mam festures of thn syndrome.

Male aged 2B years occupation—cook.

HISTORY
Father jovial man with artntic who died at the age of 45
from a cerebral tumour when the patient was 15. Mother
anemauonal and cold type of woman. Patient, thurd in a family
of four—two aisters and one brother
As a child was healthy and free from necurotic s He had
a detatled memory for hn carly Lfe and would appear from an
uﬂynﬁwh&wl:trmxgpr:mmﬁxguh games and chose
Is ax ’g‘l;y-mata Already at the age of three or four he had
&un to in fermunme clothes on every pomible occanon
dapite strong dusapproval from his parenty, brother and mter
He would go to schoo! dressed as a boy and as soon as he arrived
homt would change o guirh dothes. On leaning scbool be
worked for a year =t a corset factory and then was apprenticed to
2 puano tuner with whom he worked for five years. At this tme
he adopted certain feminine features 1 hus dress to which his
mother made very strong obyectsons, and he experienced cruelty
and ndicule from soacty on account of his femumnty During
the past four years he has worked a3 & waiter and chell
¢ has alwayy sdentfied hunself wath girls and the feeling that
he 15 a woman comprlled by to hve and act as & man hay
Jdommated his Iife. His intense belief that he n esenualfy female
wssucs partly from the fact that be 8 convinced he hay never had
1o make comaous cflofts to 1mutate female gestures and manner
sy o 2fTect an interest 1n femmune ;.c’n\nﬁa. Thee !;h!np h;’w
wth 2 ty o e 3
mhﬁammdormﬁmmm the outward sign1 of
mascufimty in ho sexnal and connders he has a nght 1o
have them removed 30 that he can approxmate more closely to
3
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femmine anatomy and can Live as a woman without a fechng of
decrit that by repugnant to him, or a fear of duco and perse

coton. At present he » denjed all mc[bﬂuy“::? frendship

whereas 1f he were not 30 indubitably male he would be 2ble to
achieve platonic relationships with either men or women.

He has never had denre for normal o perverse sexual inter
course, but several mes he has become romanncally nfatuated
with virile men. Hus love for these men has been mntense and
deep bat of & purely platonic nature  The thought of sexil
phymcal mnf:]a wuhfmm of women hud.ugwh him. Yet he haa
m 1n fantanes o ancy and a nate degire for
mulavd pregnancy paso

His left breast was removed nine years ago in Queeraland
Australia, but 1 have been unable to obtain amy information as
to the pathology About three yean ago he began takng
citrogen 10 a total of three yean, starting at the age of 25 he
took somewhat i.ntmttmd{ twenty bottles each contaiming 100
50 mgm tablets of hexcsiro.

He always wanted to drew as a female and never wanted to
wear a sult or e, He has never grown much hair on his face
bun.hhhuncvrrmllybccuapmbkmtohxm

On clinical examination the patient’s phynqne was slender and
graceful, hus akin gmooth and almost wholly harlen hs face
mohile and expremive. His gestures and mannerisms, as well as
hrs facial expremon were femumne 1n what strkes one as a2
spantancous and unaffected manner  His wee) which was
withersed & number of ttmes at interview was fequnine too 1n the
tugh pitch of the the abundance of tears the lon
of control and Lhccz,:ngu of expression. Penly t were
nnn]l—thcrﬁl;thndmitnhnrdmﬂulcmdmmwuudnm
Dpamgngn scrotal skin to which it 1 adherent. Fxaal har
was defimtely defiqent for male standards at 28 of age and
%{‘Hc bair although tending to wmbilicos, was below standard.

ere was gynrcomastia on the nght fide  the left breast had
been removed for a growth at o1 years of age. Hu general
lgg?nnc: was undoubtedly rather ferumine (Figure) No
abtmormal signs heart, lungs, abdomen, or central nervous syrvem
Fundi normal. Blood pressare 155/100

Ornl mucosn smears from both cheeks were found to be
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been able to catablsh a sabsfying frendshup on a platonic bans
with women  He lacks any capacity for combat or assertion even
tn arcumstances where he has been victinuzed and exploited. He
1 subject to strong feehngs of joferronity which he attnbutes to

ro - -

————

L

- e -1

Frovee. Mk treoncue  The ket bresst bad berp remon od some 7 years
before.

rejectton he has suffered from socety He s hord working
consaentions, and methodical in all that he undertakes, but 18
not preoccupied with order nor 1 he rigidly ted to rounne. He
aims high i anything that he und es and his behavrour s
governed by strong moral ciples

The gcxl:yaal 1nr1§prmouPTlno{ a person of intelligence and

T Ferman

Miles masculinjty femminity test yielded 2 score
of';l-%l;% which 11 well over towards the female end of the female
Tange of scores. Thcpmu-nofrupomuh in other words, more
[a::?eniue than that found by this test fn the majonty of fermales.
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Tesucular biopsy  There was & nnus with a small aperture
m the tkin at the most d denlpar(o{th:scmmmlnhcngh!
nde. It entered the eprdrdymis and appeared contnumn with
the vay deferens. There wrs no evidesice of xmy inflammaron
dncase procens. T was thought that this gomes wax w semmad fistula
Histologically st showed a subcutaneous sinms and ntense non
speafic chronic mffammatory change

Hatology of speamens from both teater thow strophic tesuculsr
tmue  No evidence of Scanty af cells.
Marked fibrons and th of the basement membrane of the
semdamferows tubuoles,

Urinary 17 ketostessuds 1 § mgm 1 g4 hours.

7 Ketoe

(Eatroue
(xghg b ) Eatrachod 1hS e

'3

i(%)é

Feb

e
T

4

The pauent obvionly has poor testicolar and adrenocorneat
functions, Estrogens, with the excepuon of cytradil whach »
sbove normal, are normal to high normal for & mak

s
5

3 3Ty -
i s

COMMENT
1 Trapwvestsm, abo named “Fonum™ after the Chacvalier
< Eoa de B who was x dip ageat of Lovns X and

was taken to be a woman but proved at port mortem to be a
normal man is clearly an insceurate deseniporon of the personabity
in ruch cares and s charactertic of thn pauent. The preference
10 wear feminine dreas is only one expresncn of & strong dewire to
become idenufied with women and to be egarded a3 female by
society  Transvestnm in the seme of ko to wear the garments
of the other sex may not even be found al; b the majonity of
cases do have this desise aod the great majonty of gensveststs
wha come under investuganon in climeal pracucee abo manifest

the syndrome described It is refatively common and some
anthorities judge 1t to be second in frequency only to homo-
sexuality

2 Tranrvetirm may be symptomatc of homosexuality and
aceasiopally of other sexual perversions, but only a small manority
of b 1y are tr And @ jarn ar apphed o
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cascy such as that described fe. eonnm, u a phenomenon E:tc
distinct from homosexuality The two are frequently

cven by psychuirusts and psycho-apalysn but there are the
follo clear hines of distinctron

(4} The cruaal characternnic of the homotexual 15 the deswre
for a phyncal sex relationship with a person of hs own sex. The
conust (who 1 more often male than female} o repeiled by the
phynecal aspects of o homosexual relatlonship  Rarely the conbst,
as a result of hy tonic love for a man, becomes transently
wvolved m a physleal relatowship with um  His ursal response
13 one ofd.ngu:t and revolion, ﬁomox:mxbty ond sonpm may
therefore coinade but the asocianon 1s rare and the two phe-
nomena are distinct. If an actve sexual life 1 led by an const,
1t 13 more often a heterosexual one

(8) Homosexuals do not o3 a rule want to change ther sex and
rdentity  Thus 18 the fundamental anomaly 1n conism.

(¢) A conspicuomly fermntne appearance and a hfelong prefer
ence for feminne gumes and activities are far more common 1z
eonism than 1n homosexuality although of course they are some
times found 1n the latter

(«) From all the detailed case studies publuhed it would appear
that the preference for the leminme role i conbm is evident
from early chidhood Such carly manifestation u unusual in
homosexuality

(¢} The fantanes of cy and the pasmonate longing for
a maternal role, together with the denre for castration 10 an
atterpt to achieve anatomical resemblance to a woman are
charactenstic of eonsm and o rarc 1n homosexuslity that cases
of the lattcxdm whuch they occur may be regarded ms suffering
from two in dent syndromer.

The mgﬁy of the condition 1 at present obscure. Cases
pu?:luhcd %0 far in men have been chromotomal and gonadal
males. Psycho-analysts have attnibuted the dsorder to a castration
complex but to this 15 aho attnbuted most other sexual perver
sions 90 that thit i not very helpful. There 13 a tendency for the
mother to be an abnormal penonality as m tha patient’s family
and for there to be a predominance of femuni In the
family the father submlsuve or insignificant, the brothers

tmg an example in personality pattern that Is repellent and
tenmg  However there has [Lm no systematic atudy to
ascertain whether such featura are found comntently  Moreover
MMWmoffcm}nhﬂybnhodaa’ibcdlnnWﬁ
o families of homoscxuals and of course, in the s of
\ndbndualy who bave achieved normal sexual adfwtment.
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It &s ponible that such psychological factors make some contri-
bution, but 1 n phenomenon maarfest so early in Ufe and 1n
which such sinkingly ferumne charactermucs of phyuque ase
mamfot a3 in thit case a connttunonsl fketor probably on a
groctic bash u Kkely to be the wpeafic ane  There 1 no doubt
n thy cue there o cxl deficency of masculine characterstes
and 1 feed confident the Hmited pertod he took cestrogen eannot
be held responabie. It xs haghly probable that the xmp of
the left bremst four years before he took costrogen was far
gynmcomastix.

4. TREATMENT

No treatment has s far been found to be succenful 1o fuands
mentally aitering the atutude of the conist, but prychotherapy
can frequently help him to 2 better adjmtment.

SUMBARY

t A typlcal case of male trantvestum 1 desonbed. He has
shown & xtro erenee for a fermmne role and female drew
since early Gemtahin are maje but appearance very
feruning owing to santy facial hawr femimne stanee and bmid
as alo faciad and emouonsl expremuon There 1 nght gynecoe
mastia. His ty ¥ geatle sobmpmve, seonuve  and
dm&nktk, Prychological testing sevesls & markedly femmmne

geners and sonnty inteatiual celis a0 left emunal fistula was
caent, Examiamtion of oral mucom and of pelymorphy thoen
m to be chromatin negatve
w&[!klh’mcddntthcmudlmntypwﬁdlgw\huukgod
beyond & mere doure to wear the atiire of
The quest for female wenury & purmed with fanaucal xeal
Mmﬁnmaqumddnmmnﬂrd&@hh?‘
gens have been seif ad d ad amputation of i

wught.
4 There 1s & tend o fa with virile men,
bat no dewre for a physicnl relationship The disuncbon from

bomosexnality and other porversions Is stremetd.

5 The xtiology of the condinon b obacure
factors probably contribute in cansation, but the sprcific factor by
likely to be a consutational one on & genetic bass.
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(7 showld ltke to cxpress thanks lo Professor Mertin Retk for hus
)

DISCUSSION

Bnmor  May I ask whether you conndered that the gymeeo-
masta here was due to the astrogen given or do you think it was
a m{aﬁmm gynrcomasta ?

ove | have conndered that pomt. The left breast was
removed for some swelling bat I have not been able to find out
why The patent says the swelling of the right breast came up
after he had taken o3

Bonor 1 have had one or two cases with mastia and
I have abo had ecases where phymcally the individual was a very
vinle male with no suggestion of any ferumne tratts. I would
agree with you that the problem 13 to know what to do with these
people  From the expertence 1 have had and I have had con
uderably more experience of them than I would have biked to
have had, 1t o extremely difficult to know what to do with them.
The plastic surgeons won t touch them and the psychatrists, very
often are completely uninterested i them. 1 have found
peycluatrists who regard them as perverts, schizophremcs, and so
on. The onc thing 1 do fecl u that these cases are absolutely
genwne 1n their fechings and are really very c. I thmk jt
would be a very good 1dea of the trats plastic surgeons,
and endocnnologists got together and really tned to think what
1 the nght thing to do wath these people

SperEmuann  May 1 ask of thes testrcular buopey was taken after
aostrogen treatment too because 1t shows typical tubular fibrosu,

AmsTROoNG Yer

SteEwarT  Chmcally I wouald say this case was umiartoa
h te negatrve Kdinefelter s syndrome  In carcmoma of the

te when cestrogens are used you get the gymrcomaitia but
1o the bast of my knowledge there B bo change in the dutibution
of pubic hau'r The bphowgrnph shown here showed a female

tion of pubic har
duI[:in[:ox Bul:mthnz was not, surcly thc?bmpsy of a Klnefelter s
drome even after cestrogen treatment
W}m‘sm Were ‘ll;: .swmrygomdouuphmmnmmd?
d expect them to

On;;;:nmo.m T was not able to get them measured.

Guexxe. | would like to know whether Dr Armutrong con-
sdered the posubihty that his patient was sulfering from a
bepatic defictency lnwmt\ﬁylm‘@'mmga:%
playing hard drinlang happily married man ra| 4
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developed gynecomastia asoclated with what you mught call an
:;:n:;:m:iﬂvum Dm‘%i:;h:h day he was comaouns of wantmg
a1 a woman disgusted him, and during th
night he dreamed fantasnes of being a woman He went to hn
doctor who decrded to treat him wath testosterone mjections
When he had had three injectrons of 100 mg his breast uru
began to subside and his transvestsm entirely duappeared  H
ws sent to me and I could find no ewnidence of anything th
matter with lum except alight remnants of hn gynecomastia and
be arsured me that the mental symptorm had duappeared eatirely
In view of the fact that he had gynzcomasta I went through hx
Irver function tests and establuhed beyond all doubt that he was
gﬂc&ngfmmdrrhomh;fthchva And 1t seems that both hn
fymp and ia v ere duce to a faulure of
the liver 'to conj !chngrrulaungcucmgﬂn.

ArusTROYO ¢ symptoms in my case went back to the age
of three,

Bonor In my ence practcally all these patients have
been treated with ens at some time or another without any
effect at all.

Ris  We try to help these panents becausc they Iead a horribl
Lfe and often mmruhguladeﬁcuuc they feel themselves outnde
the social y Plauc op are not iliegal 1n
Denmark and have been done In several cases with T suppose 28
&ood results as you can expect unfortunately since onc patrent
thereafter went around the world and showed himself in night
clubs, the doctors concerned have been unwlling to do any more

Swrez I want to make onc small point about transvestim
and that is that 1t s pot confired to male sex, There aro
female transvestats who whth to be tarned into males and they
comstitate at least xa t & problem to the Individual as does the
male who wisthes to me a female.

1 don t doubt Greenes cawe of liver damage of
course  but in the cases of transvestism wh ch I have seen there
was no liver damage.  All my cases have been sexed and shown to
be genetic males mcluding two castrated morc than 20 years ago

AviDson There b one milar report (Witscht and Mengert,
1942) m which t might be argued that in fact the patients were
true hermaphrodites for there appear to be ova In the walls of
the teaticular tubules. It b always very difficult ©0 be absolutely
certam we haven t mmed ovarian diue even with hitological
stedies. We have seen onc very Interes case—one of our fint
cases of the true Alincfelier # gyndrome, who gave practically the
sme history as Dr Armstrong 1 case His mother was a most
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unsatisfactary person, a drunkard who deappeared from bome
for several months at a tme  As a boy he had alwayy been called
‘Sury” and eventually when he left school he drifted through
vartous employrnents and the only ones he held for any length of
time were of an arthitic neture  He turned up 10 London after
having been 1n trouble wath the police through hu asocations
with men and he came to our psychiatric department dressed as
a female We examined his blood and found that he had drum-
sticks 1n the leucocytes. He looked a female asyumed female
attitudes and had even got @ wide carrying angle, but he had well
formed male external gemtaly a; from the small sze of huy
tettes  Further examinaton Including a testicular biopsy com-
firmed that he was a case of the true cleiter s syndrome  He
was i a dreadful psychological state could not fit into hfe at
all, and had tried to commut smade. He appears to represent
another vanety but of course he might also be a true hermaphro-
dite, One canpot section the whole of the gonads.

SrereNMANN - We have had one case afﬁmd‘dtcr 1 syndrome
with hcm-osuuf al, that s mgmd: and currously enough he
was onc of our two cases spermatogencus.

Lpeox [ think we should comder ﬂlcs;l.';blcm of what one
could say 1n a Court of Law as to the true sex of & person whase
nuclear sex was at vanance with the socrological sex.

Burop  One of my cases of transvestsm is also & Klinefelter
with female genetic sex, which rases the pownt Dr Lennox has
mentoned. ﬁrpmdlhnumclnmdnu(ofgwl When he
comes out he goes mmqht off to Leicester Square and importuncs
and s sent back to gaol for having homosexual relatons. In fuct,
of course, he is a genetic female, which ruses a rather wteresting
legal point.

Rorpreteon SR We invited & legal zuthonity to the meeung
tn dscum ths type of problem but un!'omma!:ly he was unable
ta come. Perbaps we may be able to arrange this at some future

meeting
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THE NEUTROPHIL SEX NODULES IN
KLINEFELTER S SYNDROME

W M. DAVIDSON MD and
D ROBERTSON SMITH MA. MD

Ring College Horpitad Medical School, London

Excuunixo the so-called “abe type 8 beserogeneow collectin
of cases due toa of causes, I\lmcfclm"l syndrome can be
defined 1 & condition in winch mdivaduals of & male phenotvpe
have chromatin pomitive nuacler.
memp}acmhxpanﬁomlhcmﬂdnofﬂ\ctnm
the g sterility and a partlally fommne declop-
mmkof'tbe,emndxry characterntics.
mdc{cctrupmﬁh!cfor(hnmngt chuupa  mux occur
before the parting of the ways 11 sex development and the 1ndy-
vicualy could be conudered as cither males wath female cells or
fermales with male gem
Thgwndxmngoamt:pparwbcnmdzlcdm!hm)
Mcmm-wdmcmdmdmmmn n
€ cases with & more dury ex
muumlmdmwmhmtnncdwdu

Oﬁcnlawcvmfor male
cdmgcmﬂmmumhrmnh'yﬂmc
dcgmcnbonmlhembu!q,mdnuoduhrlmﬁﬂnﬁf(}w
interstival cells bs eho not completely speaific  In most cues thae
sre i addition areay m which the tubukes retun the Sertol c.:lh,
ﬁfﬂﬂywhﬂ:(hﬂmbuhm bedded in mages of
d even arcas of complete spermatogenesss may be foumd
asan case Mr W (Fig 1} At the other extreme there may be
almaost nothing left but manes of nterstdal celly. So far there bas
been no evidence that there b any close carelation between the
histo! and the hormone excretson levels and the
gomdotrophim have been hugh even when there was some acthve

spermatogrnesis.

A curiow feature » the low’ ﬁcqncocy(g_f ﬂm)cbaéxctmcm
drurusticks wn the peutrophii leucocyies {(Fig 2 nag
method of counting the neu, lﬂbﬂ! six drumstiche wer
found, in scventeen caws of Rlinefeher’s syndrome the mcnn
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difference between the actual sumber of neutrophuls that had to
be counted and that antcpated from the average lobe couaty was
greater thag twice the standard devistion. Tha relatonshup was
still present when the dramanek frequeacy was analysed for each

- *
—YTIOMR D -«

o

neut i Jobe {Figr. 5 and g} o much change in
rraqunpmncnq has bemgrm?mmd in true hermaphroditum or female
dohcrma: tom.

pxgpmmegmmmmnmhrdmnummmcﬁ@xu% of the
1ex chromat n nodules in other cells has been recorded but »e
have only found snfrequent nodules 1 the Leydig cells.

A number of posssble explanatons for this dimoshed frequency
nclsde

{«} c‘sncuuopbﬂnh}fzwthchﬂ. Thn has been excluded and
in any case would have been allowed for ar the average lobe
coumt was taken into consderation.



FRLQUINCY OF DRUMSTICKS
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5} A form of clumxrnm with an admixture of male and female
celh. Such & state has been found m human twins and has been
created artficholly 1o rabluts, In the latter we used X-rraduton
to remove the marrow 1n & male rabbit and then gralted female
marrow When thry has taken a race of female leucocytes appear
lnamalcnbbn([-‘ig&?))g In the hdinefelter cases there o no
support for this explanation for the Indrviduals were not twns and
there was po evidence of mixed blood groups.

. % N
. ) i -~
v
1
Fxt. 5 Owe of nuwocroon “feambc® lemcocywes from  raade rabbxt
aler womd body Weadiation sad $rafiing with Soaale auTow
mnacr-Cliems 1600,

1G] Mmhmdkmakdunmumwhthnwmmm
2 moauc cosdition, If the were the case nmilar chaages
have been demonstsable 1n the cells of the other nsues and ths
has not been recorded. A partial mosie condition limuted fo the
myelodd tuses 1 still possible and were the individual to have
the aboormal genatype XXNY the marrow cells might ccparate
mt{o‘))()klnd\Y Lenaton of the fow frequ i tha
Another pondble ency t
it 1 caneed Lbcfxcmrapu unrdentified, ible for the
reduced num u{dmmﬂicgfoundml peopoeuon of

tpg:mdymlnnmcu,

ernl theories have bren put forward to aceount for Rline-
felter 2 syndrome It has been that the indrvsdual mught
have the genotype XNY  In thi case the phenotype should be
fernale not male and as the mother might be experted 0 be
of the genotype XAN her neutrophils and ather cells should bane
enlarged mases of sex chromatin The drumsticks in the mother
of a crae of hJinefeiter's syndiome have been found 10 be normal.

/
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Another and possibly the most ltkely explanadon # the occur
rence of a mutanon similar to  tra daaibed by Sturtevant
which caused the formation of male gonads and gemtaha 1n the
female drosophila. The preponderance of sisters 19 ssters to 5
brothers in our cases although suggestive, 1 far from proving
that the affected indlviduals bear the Y chromosome

A final pownbility secms to be that the conditson ares from a
separntion of the sex chromosomes from the factor responuble for
the sex chromatin nodules. Althongh normally these two must
be at least closely related e have not as yet any direct proof that
they are identical  Such a separation would be expected to affect
all the sex chromatin and would not explun the jow frequency
of the drumsticks 1n most of Klincfelter s cases

Al h 30 far no defimte conclunon can be drawn as to the
cause of Khincfelter s syndrome 1t does provide a powerful shmulos
to us to contemplate the origin of sex 1n the development of the
human organusm.

(We kave to thaxk Dy § F Fooler Priapel Physicust for hus help 1t
Lhe experoments )

DISCUSSION

Sacrs Dr Davidoon did I understand you to say that you
had zctually found mosucs in the blood groups of thesc ind:
viduah anJLhowcrc(hucanomnomnfO\viLhAorOmth
B or was there an¥ regulanty 1n the menon ?

Davipson No I must not say we found a mosajc condition 1n
Khlnefelter’s syndrome A ble explananon of the low
frequency of the nodules could be that in fuct one has a muxture
of raale and female nodules, comparable to the chumaera type but
there 18 no evidence of twinping in thn syndrome Another

ible explanation would be that it arosc as a mosarc, but we
m po pomtive evidence of that and t 1t we have the
failure to find any such vanaton in the skin nucler such as one
would expect 1n & mosarc, unless the condition was limited to the
bone marrow which I think Dr Ford suggested was unlikely to

Semx With regard to the mdiation animab, I think 1t has been
shown recently that the injected marrow 1 replaced tovards the
end of some months to a year by the onginal bone marrow element.

find ths?
Dlg)ijlunmv \o we have not found that so far  Maybe because

t had animals kept ahive long h, but during the
::mch‘»:: :gvc watched them the percentage of foreign cells docs
not appear to have dropped wiuch suggests that the arumals aro
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sl celis angmating from the tranfused cells and there
u plen bope mamow in the femora when we have killed

them o
Fow If I may make & comment on experience with these
the replacement of the grafied twue by the
cdkof!}w}mkoccminwmc combmaunns but not 1 others,
In some thc mjtcttd ceth give a grafted tmue which pernsts
1 the mouse

on the
1t may oiiwunc, be d Mrrmt in the rabhat.
Daviwow  Possibly it depends on the degree of mradistion

oo
Foro  Yes, certanly
Davipsoy  These rabluts had an adequate doee to destrony
thar own marrow and immunity mechamsm.
Fomp  Yex, 1if you have fess then you get very rapud replacement
of the donated timue by recovering tasae of the b
Sacut Was this an inbeed steam of rabluts? ‘\u there any
relauonship between the donor and iradiated recipent 7
Davesox Yo and o For thu particular one we smply
took maler and females from our own stock which 1 natoralh
inbred to some extent. We have abo dope 1t with other marken
where there was much lesy tnbreedmg
mlSAcm Even o nnm(a;x 1y & ung ph
uuhanldpcmn:olona
yone ted to count the male and female sibs
ofmsuofgtmxd;?d)!gmmdlmn}emmmlf&:eyﬁtm
with the expected ratlo or not?  If nobody hay done this on ko
cxtmnvcsulc could not we here betwern w do thu quite exuly
1 have seven mch cases. T know Dr Polans hay collected a large
number snd a: t us we most know a ot of them f you thmk
1\nwtx1hdm§,gw¥hcmbaqnumnlmtmnknubmnﬂn
cruse of gymecomasua fn Alocfelter » syndrome?
Poram 1 am very gratefil to Profenor Platt for suggesung
poolmg information oo the mhehips.  Human nishup are 1
knows, ternbly tricky thingy and if you start sclecting
them 1ndythcn further restncung the observatom 15 other wayt,
you end up by having 3o many corrections that I think you cansot
utilize the matenal statstically  We must have large samples o
get our information.
Asrazxy One further ibility as fae oz o *xng
uumm:d.hdntdxntclﬂwwyhnxxchmmmucnma
than a sex chromoswome Dr Davdwon has menponed that
certain cases of hhinef lter s syndrome are of female nuclear sex
when the skin i examined but that the number of sateflite bodies
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seen on Lhcnmt:?:hibh}owa'zbanmuldbccxpcacd. There
are also patents with the converse syndrome—Turner s syndrome
~—1n which the skin ex 15 male but 1n which a female dutributon
of aatellitc bodies on the polymorphs m seen. T perronally have
3cen two—in one we counted 6 satellite bodies m 360 cells, and
i the other 1n one film we counted 6 satellite bodies 1in 6o celth.
In both cases the sex of the ccll of the buceal mucoss was male.
Similar findings were mentioned to me in a letter from Profesor
Greenblatt who is reporting them some tume thhs year It does
tic up with the work which I reported earlier thn year of finding
wx chromaun nodules 1n ccﬂabof the bone marrow including
polymorphs, and fin the bump of chromatin which we

as 5ex ch.mr::;.gn mn a series of polymorphs also thowing
satcllite bodier,

Praper  The same dusercpancy between the buceal smear and
the blood was observed and published by hosenov in Germany
some time

Banor l(g.:u anybody answer Professor Platt s question—what
@ the cause of gymvcomarta in Klnefelter’s syndrome ?

SesrxMaNy [ can t answer the quasuon but perhap 1 could
add some pathological obeervations which perhaps add to the
tology F: 20 cases of true Klinefelter's syndrome we have
observed gynmcomastia 15 tmes, It occurred at any age, and
there was no relation to the gonadal hutology or to androgen
defigency The only correlation was between gonadal histology
and the F.S.H excretion—we found the FSH. exaetion not
clevated 1n those cases where a lot of tubules were still patent, but
when they were all sclerosed the F.S.H was always raed  Only
onc patient had an clevated cstrogen exaretion and a normal
FSH Ths patent had gynecomastin. There i a probability
that gynrcomsestia 1 a result of an imbalance of androgens and
astrogens 1n these patents, the Leydig cells probably producing

both.
Banor I think that 11 what we felt too, 1n fact we arc investt
ting these cases of hlincfelter s syndrome with gynecomartia
Frnom the point of view of 17 keto-sterord exerction and astrogen
e 1n the unpe
Ll;::gx Are there any conditions in which the FSH s
rarved in which gynecomastia s not common? A possible explan-
stan may be found in the pitull s apparent habit when It b
producing one hormone n excess of also grving a slight rise 1n the
neyghbouring  hormones, jmt 2y the mdal;voz:hme stimalating
hormane ries when the ACTH goes up. y not ths be »

nmilar phcuomcnnn?
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Bumor  What aboat the male chimactenic? You dont get
mastiz jn the male chimactenic do you, and there are a
cases of eld, x;ucn\rm:hnx—u.rsccll“«S.I);j

Lexevox  Are the levels comparable?

Bowor Some of them are faxly high.

Freomon-Ssata May I add apother mm on about
gymecomasta? Many of our cases of Khgefelter s syndrome
showed gynxecomastia, what has been descnbed a3 a fabe gynxco-
mastia with adipose tisue only  Our two cases which showed troe
glandalar y of the breast were both young 18 and 23
and they high FS.Hs. Gomg back into the history of oor
other casey I asked each one if he had ever had any el of
the breasts and one case a chiromatn pontive mdradual, he
had. Truc gynxcomasta has appeared 1n our young cases and
only false in the old patents

Kimoxe 1 would Ike to ask Dr Davidson one techmcal
quesion  If on the same smear 10 winch yon get an abnormal
count you repeat the procedure untl you get 6 drumstucks—do
you get the same remult within a reasopable expermental
deviaton ?

Davipson  We have done many repeated counts and of course
Yyou get & scatter round a powt. Many of the pomts were the
lvvrljcofncv:rﬂmunu. Int_hcg'rlph(ﬁfmg)twuamof
Klnelelter s me gave ponns near the
were denrved several counts of which an odd one fell belo
the line In the other Klmefelter’s syndrome cases the Loty of
the scatter were well above the anficipated level for what that 1
worth
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THE RESULT OF HEMATOLOGICAL

DETERMINATION OF THE GENETIC

SEX IN DISTURBANCES OF SEXUAL
DEVELOPMENT

H R WIEDEMANN Profl Dr med.
Chefarst der Stadtuche Rinderidinik,
Krefeld, Germany

My co-workers present at thu meeting Dr Romatowskr and
Dr Tolksdorf who have manly carmied the pracucal load of this
work, and I feel modest 1n tho saenufic arcle, but o
Schiller says Wenn dic Kénige baun haben die harrner ru

tan

As far as we know my amocates and myself were among the
first to test and confirm the admuirable discovery of Davidson and
Smith

Since 1955 we have tated and applied the hsematological
method of nuclear sexing on material sent to us by many interested
persons  Although we are pot able to tell yon anything new or
publish extraordinary discovenies, I hope that our results"checked
on a large number of sexually pathological cases, and presented
10 tabular form, may attract your attention.

We arc able to confirm the value of the hrematological method
of nuclear sex diagnoss and for the first bme give figures on
scxually pathological cases in Europe on a ]mgc scale which
compare with those so far only publuhed in the United States by
Money Wilkins and co-workers, and Nehon

Let me say th 1n advance  Everyone should apply the method
of nuclear sexing which he 15 used to None of todzy s methods
n wrthout fault.

Compared to the skin—cell puclear investigation i different ceil
layers of Sachs and Danon the hematological way does not give
wch speafic and detailed results, but 1t can only be of advaniage
in the present stage of these investigatioms to use several methods

at the 1ame ume, one of them being the hrmatological method
Everyone agrees that such com

advance onc s knowledge.
t;anmmdmmadconnhmlmkmco-wuon with
ot
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different mstitutions, as has been done m the past wath other
studses, should provide Turther interanng and advanced knm

1t should be mentioned  that we adhered to the clamcal method
of Davidson and Snuth 1 ot hema cal examinanons as has
for instance Riw i Denmark snd v Hamack and Smietzel 1
Germany and contrary to other autbosy. Vs ithout the proof of ar
least six undoubted  dr ke no dgt of the femal sex
can be made. Naturslly the mumber of 500 neutrophsl leycocyios
could not be taken aiwayr as the abeolute upper bt durng ¢ 3
counts  of only one or two probable drumsticks were found 10
the number of oo, the cell conat had to be continued

In Table I you see 2 summary of the hematologicsl exarmna
tions for the durgnons of muclear sex made at my chinec 1a & perod

Tamr
HEMATOMORFHOLOGICAL "NUCLEAR 3EXING IN ERRORS
OF 8EXUAL DEVELOPMENT

Nuaber of gpectmeos referred froen otber umsttatione 440
Sryrry, interoal medicrne, wokogy Woern Gevoany (mckoding Sear
patiokogy fand)
Obweetricgynasoiogy Nethernnde, Aura, Sowim, bavecen
Prdixtracs 24y Swumeriaod
{1 addrmon § cmes from our ow cnc)

Fa2a

{
]

ocker wx ¢
wclenr wx 3 2
MWLW )
il
Gonadal dymerorms (wims comsamans 8

3

“himelcker symdrome s
'ﬂuﬂc;mﬂ;'bx{-d:n'rmah »
of two years. It mught be of inwcrest to potice the different

Kt who have sent us their matenal, Most of the specimeny

from Switserfand came from Dr Prader (7drich) aad Dr Hawmer

nd Prof W\ Banel)
: Th wmme:tr;)?ngmmng amount of the material demonsientes
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wnpresavely the relative frequency of cases of the Intersexual
states and other errors m nurm:?dcv\:lopmm! and indicates
furthermore the conniderable need for additional diagnostic help
as well as wider knowledge m thn difficult field of ology and
mediane  The ratlo of 5 trne hermaphrodites to 1 do-
hermaphrodites shows once again the preat rarencs i}liwtruc
hermaphroditism, and the equal number of female and male
Pcudohcnnnphmdhu 77 of exch demonstrates once more the
mcmy of mmdiagnons in the past

¢ following table, Table I1 will show you the rellability of
the hematological method of nuclear sexing executed by
sty In the first hine are the undoubted cases of male and female
pseudohermaphroditsm of all ages. Naturally all these cases
were blimdly (that 1 to say withont knowledge of the
chieal or hutological resuls) Without exception they were
d correctly as far as thewr sex was concerned.

Included 1n the group of 52 male preudohermaphrodites there
were 20 cases of so-called testcular ferumzation which corre
sponds to the rato found by Moncy (United States) Hrmato-
logically all of them showed undoubted male puclear sex. Fit
nvestigated clsewhere by means of skin bopsy oral smear or
blood smcars gave the mme result. One or more cases of true
hermaphroditsm may be hidden among the 25 hermaphrodites
with male nuclear sex which were only diagnosed chimcally In
12 control examunations conducted clsewhere the negauvity of
the sex chromatin was confirmed (1n one case however the lkgyn
bioj an ced 1nvestigator at first fed
m nP’{n emml:{m cxgva:mdbgnmn and oaly after repeatdng
the skin biopsy and mnm a blood and ornl smear examination
was the nuclear sex demonstrated to be male)

It must be admitted that there are snme cases ofmalerpszudo-
hermay tism, we saw 4, not by the way cxamples of typical
testy femmzanon where h;:mzto] m]o?:cogmunon was
complicated the presence of a nom umsually

nnfl]lj cIuln"b-y.l well a1 other nuclear appendages It nn possib
that further detailed investigation of these might demonstrate
chromosomal anormalics and create the necessity for more clintcal

groups.

It should be mentioaed that i the u group on the
nght side of Tabie If, approximatcly of the chuldren uader
the age of two lated fn ths group were tered wmgﬂ{l In
addition, among these 55 case there were 6 with the abrolutely
mktfpcofmanalgunuﬂn,viﬂ&hmbccndambcdcn}y
five tmes previously Only 12 cascs of pon adrenal female
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pscudobermaphrodstism have been observed according to Wilking
et al. (1955) and Lenz (1957) states that only 13 have been pub-
lished ”lﬁh: three cases on the nght nde of Table I without
adrenal disorder could include a case of true hermaphroditism,
Table III shows the grouping n dodyrgenens, The rexes
are dntributed approximately in the same ratio of one with

Tamx 111

HAEMATOLOGICAL “NUCLEAR S8EXING™ IN CASES OF
GONADAL DYICENESIS

(Case himory and sex unkngwn priae to the ko crigation )
Number

cf:-_.j Fudings & ’ Tindings ¥
crablied 2 s
( and “(,y concs 1 (merage num\;r/r a
hrseolagically) other cximiner— | dnmmsuckt 3300
#hln buopey or brmaio- | (g caws i exuggatcd by
showed the e e ’hﬂm or  harmio-
ot Jogrcal i extrgs bone—
| shoned the mme re-
|
D-&bu-eddmhﬂv + 9
D ool s ( 4 cmex wnesigared | merage momber of
made and by otber crammen— | dramstcks  6/500)
torzy but witbou | oral mocar or kaema o | (3 cmes e eagated
b smryese- | iotenlemme roll ) by otber
gution) arl smoar or bermato-
boical —ame roalt)
3. Al otber m«d; - .
By o] 7

feynale to four or five with male nuclear sex as Nelson found 1n
the United States 1n 1956 1n a rather larger senes. These two
scparate ymvestigations accordingly tupgzﬂ one another
e abo noted several ﬁmum%u in cases of male pecudo-
tsm 1n the imited sense) the large  smalt eluts™ n
onadal dysgencsis with male nuclear sex (abo called

cases of g
dohermaphroditsm)  These occastonally com
gl?::;dmt?l]: Lgnons. Aspwhh Prader we were abo unable to

f the nuclear sex in some rare cases. In the
ke s dlt..g.linolux: ﬂr the gonadal dysgenexls on the right sde of
;nE 111 we encountered one clear mpdiagnoss by nnfxpcd
enced colleague from the skin biopsy ( 93  muale nuclel™) on
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sceount of the blood rmear result—30 and on repetiuon 61
per 500 neutrophub—the biopsy was repeated and
now found to be typseally female
As the dufferent problems with which Rlinefeiter s syndrome
confronts us today espeaally those ariung dunng the hemato-
logical disgnons of the nuctear sex, base been discussed alreads
try the most competent investigators { shall refes therefore only
briefly to our smvestigations &1 the cases canhy duagnosed
hematologically even at the fint glance chromaun postive ffirn
FIOUp lec: 1V) there ooty othery only recogrizabic as
chromatin pontive with difficulty (second group; In thewe n
may have (o count several thowand leucocytes 1 fule molat d
cuainathirdgmn{:couldnotbcdngmxdh:mawbg}am ar
ali From thn one u tempted to asume & clear supersonty of
other methods of nuclear sexmg particularly &y 1n some of these
ca3c3 a clear chromatn negative mudiagnoss had been mad by
other expersenced hamatologuts—but thh o oo mmple 2
ception ax the fourth group with ity great ducrepances n th
findingy shows.
Groups 1 to 4 reprevent the true hlmefelier 5 syndrome of
Nelson  and in group & are huted the cuses of false Khacfekters
of this author Undoubtedly refi of the hrod:
of cytological cxamunation wall yicld funhcrmfcmmuon
Even 1t 38 true that the directon of the rexnsl denre
does not by any meam depend walely and directly upon the
nuclenr sex and the nature of the nn_l‘nvzr’immthat
m those

detaled and refined are ako

atates of mental m:m:m;Itty wbzcu whct§wr pur lg
ue or el rehotogical w L 81955/
fessor Bl"c\gz’r"ftf;ﬂm Zunich and 1 relymng upon the Dull?nu of

Barr and Hobby, tverngated fuwema 28 comstitutonal

t Is and ten tranr Inding 1n the latter growp

for the fint time eight women  In every case we found the nuclesr
=% t0 be the same a3 the wcial and 1a] sex

Pleas let me discuss two mote pouots  Bendes the differences
in the frequency of drumsticks in healthy females of the same ag
whith are often very noucrable and remain constant, there exsts
abvo an age-dependence in the frequency of drumsncks i heal

Thn war first described by v Haruack and Strictze

myself and others On the left nde of Table 1 the average
counts of drumaticks per 500 leucocytes came from a st of
healthy and on the sight nde from sexus! aboormal indsnduals
investigated i our clinic

1t h endent that the number of sex-charnctenstic nuclear










1o SYMPOSUM ON NUCLEAR sEX

appendages in healthy as well as in sexually pathological girls and
women declines from infancy through lchgzl age to adult Lfe.
1 cannot give you an lu.uauonug)r thus phenomenon of the
age-dependence, nor e frequency-differences 10 drumatick
counts 1n indrviduals of the same age  One b tempted to consider
differences in the iatenuty of the membolsm as have been

Tamx V

RELATIONSHIP BETWEEN THE AGL AND AVERAGE
NUMBER OF DRUMSTICHLS™

A eruge \umber of “Dramrticis [son | Average Nmber of_Deumaocin g
N

10 Cas'of Lewcocytea in Cas
ealthy § Indndusks 9 Indh sduak
I 49 cuscs of prenmature and new- 1 28 cass of babm 4
b *73(  (Owr group, publ py7)
1 4 camsof habees LE]

(Our group bl g37)
Premanore L] ( g-ruj 27 ot publ.
1 oares of chaldren of all npn h(o‘. ) b
7
(Koacpo and Scupm pu\:f“ o ln m-l:{rlﬂn'nd-:hcd:(c

i 73 (Our group g37)
In caser of chuldren of school sge 4 r( comes of 94
Our groap publ. g3s) group o)
!(maorudmdmha{.n.‘e 16 mdﬂ 95

3e (Qur group 57 Dot pubd
t

1uggested Sachs and Danon in connectron with thear skin-
findingy. suppositon becomes especaally obvious, i on
begng to doubt if the so-called sex-chromatin 15 o primary sex
phenomenon It hay been saxd that the sex-chromatin i the skin
and mucous membranes 15 not age dependent (Lennox, 1956
Dixon and Torr 1956 Lupatkin and Prader 1956) but I am
unable to say whether these 1nvi tions have been suffi ly
extenove. It may well be that some of you know the answers to
these questrons.

In clonng ladies and gentlemen 1 would ke to mention
bricfly the confismon of the medical termmnology which exists in the
literature. A multipliaty of terms such as nmary “chromo-
somal epetic  “aygotic” “true” as well as Yactual  ‘real
(and so on) sex are Furthermore the different usage of destg
natrons such as testicular d applied both to cases of
dalds with male nuclear sex and to Rlinefelter s e
1s dusturbing FimllymdxwduahmthI\Uncfcltc'ruyndmmcwilh
positive sex-chromatin and thus a discrepancy between gonadal
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and nuclear sex have been called arther “female”™ pcudoherm
aphrodites {in spite of the presence of teates) of by others, “male
peudohermaphrodites™ (in spite of the presence of male external
and mternal gemumbs)

A clanfication of pomenclature 1 wrgently required before ths
mnﬁ:ﬁonbrcomawmgmt

Enm'x therefore, parucularly in view of the fact that both
Dr DrBarrhawh:thcmtve:u termmo-

that thn d agree to0 2

termnology whmh can be wsed mternauonally at kst for the
tune beng

(A Germen vernes of this paper appears o Aretlicks 1) acheaschrfl
{1957 35, B57 mg@m{ by permsstam of the Editor )
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FREQUENCY OF KLINEFELTER S
SYNDROME AND THE RELATIONSHIPS
OF CHROMATIN POQSITIVE AND
CHROMATIN NEGATIVE CASES
BERNARD LENNOX M.D PhD M.RC.P
W S MACR, FR.CS (Ed) and
J 5 S STEWART M.B, ChB
Dcprmudhm.:a}lmwmm Infirmary

I st apologize for prosenting material some of which has

already appeared in t (Ferguson-Smuth, Lennox, Mack, and
Stewart, 1957 y a3 we have some more recent findings
to be grven by Stewart, but our carker more mundane

observations perhaps warrant some discusnon at thn meenn,
First of all, = estion on nomenclatare. Ve need an alter
natrve o Klimefelters syndrome  and “scnunal tubular dys-
genens and the like arc fafs 7 Dr Fergu Sruth has
proposed  congenital micro-orchidnm’ It seemy to me crisp and
accurate, and well worth consideration

STATISTICS

We have a fauly large collection of cases now (24 chromatn
pontve 1n all for immnce) but what I have to say » cheefi
concerned with a serres collected a3 a result of a deliberate sear:
through the matemal of Mr Macks male nfertiity chnic.
Believing it to be unhkely that we would find any cases with
SPErm COUNnts OVET 1 000,000, we confined our attention to the 126
cases with ;)clcm that ﬁ',g_.‘;e or with complete
azoospertua -1zx of these responded 1o a uest 1o return
fotn:-cxamhmuon“:\n oral mucosal smear xh,:qwtd 10 to be
chromatin tive These were all included in a group of 27
oates ed on purely chorcal grounds as examples of Kline
felter 1 syndrome Detatled re-asscement of thete 27 cases b in
pmgm,mdmnchz\tyethxdlobc ected as & result.

mmeongmgllﬁmaﬁghn already had testicular
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Inopsies on purely hutological grounds 14 of these were called
Klincfelter's syndrome 8 being chromatin pegative and 6
chromatm pontive,

From our statatics three pounts ecem to em {(s) Chromatan
negative caxs seem to be commaoner thmcxomatm pemtive
(2) This s a conditwon of real prachcal importance 1 & male
sterihty clmic  if the ¢ sample we have cxamined s repre-
seltatrve 30 per cent of all our patients with arospermma or

are cases of Klinefelter’s syndrome, and one n
of all patients attending the clime with ngmficant deficiency of
Lhcq)cxmccunt((poooo(nPcrmL)uagmmcfcmA}c {e)
We can make a first a tion towards an esumate of abso-
lute frequency A stenlity clinic draws most of 1ts patients from a
tumited ‘age group In the mge decade of greatest frequency
28-37 yean, there are 4 chromatin positive and 5 chromatn
Glasgow addrerses

deende. ’I'hucgnnzuncmdcmndmceoh 18 000 for posdtive and
1/14,000 for matm tive caser. Even 1n thu decade we
do not Fc!mdmhn\tt:;tﬂ.cct:dlﬂthcmahzch:gaw and
making all allowances for random errar we think the real figures
must be mbstantally higher than those bably well over
1/10 000 for each vanety This mrost for instance, a much
commaner diease than hemophiha, If then we can accept a3
true the view that there 19 a top Limt of 1/50 000 (at moat} for
omtations at one loanm, 1t 8 certam that nether form of the
disease can be the result of nogle mutation at a nngle loco—
unlesy, that 1, one mutation can produce scveral cases.

HISTOLOGY
Dr Sicbenmann o to describe the detalled histology of the
testh m chromatin tive cases, and I am only concerned here
to tout!hedxﬁl;-_;]mb:twccnthemform:oflhcd.mx.
Nehon (1956) was first to pount out the exstence of such differ
ences (we rcccudybcc.mnwueofthu]:i)a but Grum-
bach, Blanc, and Engle (1957) have doubi complete
dutmctnen of the two forms. In the chromatin negative cases the
Leydig-cell hyperplasia 1s diffuse and even the cells normal. The
mbu]amwcﬂ}rucrvcd,lalthm?apcrtmtbcmgm
byalinized. Most are hned by celb. Total lack of
1per ic e s excey 1, and often a substantal
proportion of tubules show at lexst a few spermatogona. In the
tn pontive caset, the Leydig cells are cdumped into sold,
almost tumour hke mames and the cell show connderable
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nuckear irregulanty  The tubules are brregular m uze and fewer
it number " ower 70 per cent are hyabnired. Elastic twme o
m{g deficent. Curiowsly anomnales such as the growth of

cells wathin tubules appear occanonally  Spermal c
clements are present in far fewer cases and 1n onhy a few mlua
when present at all. {Notc, however our 4 cases with some
spermatozoa in Table 1 abo a case to be publubed by one of

Taxmz
INCIDENCE OF KLINEFELTER'S SYNDROME IN A MALE
INFERTILITY CLINIC

Number hm{\m
of Sex
Caxn Female
Total paients riending 93356 s
Sperm couots vallabie l 78
Extremo obgoaperom (< 0%ml) 76
Azoowperma 0
Clinscal diagooss of Kiioefcher  syndrome o
Tescubsr ermlabic J 6
Hitologecal of KEncielier' syn.
drome 4

w—Ferguson-South and Munro 1g9g8—with unusually well
developed apermatogenesis 1n onc tubule.) Ve have never found
any difficulty 1 prl‘dldug the nucfear sex from a rapud survey
of the testicular bropsy with a low power lens.

These findings at keast made it quute clear that the two forms of
the syndrome are genuinely dotinct and that the difference of
nuclear scx 1 not a purely incldental findmg - When we first made
this observation, we inchned to the view—which 1 [ think a farrfy
genernl one—that whereas the chromatin positive cases form an
outitandmgly interes and unitary group the chromatin
negatve cases would be found 10 be 2 loose aportment of vanous
forms of testicular degeneration of Jess Immedate interest, As
Dr Stewart will tell you we have unce had reason to alter that
view Finally while the chromaun negative tests 15 clearly a
testis and has ncver been anything ehse the chromatin positive
testa 1 0 grosly abnormal that we wonder if it may not at some

have been an ovary and 1 for one smipect that some part
of ':11, testicalar differentiabon may be post natal, under the
influence of its scrotal pontion.
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SUMMARY
1 Klinefelter’s ryndrome 1 ble for a substantal
fraction of cases of male sterility 1n Glagow
2 Chromatin negattive cases arc commoner than chromaun
tive 1n our materfal, and nather form is likely to have a
requency of lem than 1/10 000 men m G
3 Histologieally the two forms are quite dustinct
REFERENCES
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DISCUSSION
This paper was dbcussed with papers 16 and 17 See p 127
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GONADAL HISTOLOGY AND NUCLEAR
MORPHOLOGY IN KLINEFELTER S
SYNDROME

R. E. SIEBENMANN A.D
Imstitut of Pathology Unlversity of Zunch

Durmo the Jast five years we have examined 16 “testicular”
biopnes and 4 complete autopues of apparent males whose
nuclear sex—by subsequent or mmultaneous determinstron—
proved to be female. This material was found by re-xamination
of all cases which hutologically showed a tubular fibross with
pennatent or mmmd?lﬁ;g cells or a so-calied E‘:mlml
aplasia and of the testicular biopsies from those patients in whom
the ciniian suspected Rlmefelter s syndrome

The clintcal symptoms of these 20 cases with female nuclear sex
may be summarzed briefly as follows Their age ranged from
14 to 72 years. Moderate androgen deficiency was present in 15
cases and a gymaccornastia o 15 caser. F.S H excretion was
cantly rased {over g6 m.u) n 11 of 14 studred cases It was
normal in an 18-year-old patient, 1n @ 14 year-old boy 10 whom
it was found elevated two years Iater wmn & g1 year-old patient
whose urtnary ~cxcretion was rased,

Nuclear sex was determuined 1n the Leydig cells. Th‘;ferccnt
age of chromaun poutive nuclel vaned between 41 59
cent  In the majonity of cases nuckear tex was also determuned 1n
the oral mucoss smear by Dr Prader and/for 1n blood smears by
Prof Wiedemann

Only 1 of the 20 cases showed a genital malformation, with
h a and tight hypcspadia glandis and incompletely de

ed testicles. ere was no trace of a female genital structure
i the 4 autopsy caset. The testicles were always very small In
the lving patiens their length never exceeded g 5 cm.  ther
volume ranged between 2 and 4 c&-c. The combined weight in the

autopey CAses rapged (mm 270 40
The histological cxamination of many sectlons of the often
bilateral biopsies and whole gonads in the sutopsy cases revealed

the following common charactenstic features
1 There 1 an irregular arrangement and dhstribution of the
16
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tubules and tubular scacy, some of them fymng closc mge;ber
others bemng wep: d not only by tanoms of Levdig cells
but also by & locae connective assue

t There n always an asocation of partially or completely
sclerosed ludtubnksthhno;dmuntaﬂc&fnm
older patients (Figx,xn_um

3. The nonsclerosed tul vAty tly i nze |Fig g Some
of them attain almost notmal adult diameters of over 100 micra
others are very small with diametens found 18 the pre puberal
tertis, As thu reduction in stze 18 not asoaated with thickening
of the tubnlar wall it cannot be the rault of scarnig  Th
tubuler shaw & small fumen or no fumen at ofl. They arc mosthy
Imed by Sertoli cells only which are usually well preserved if
there 15 no sclerosis of the wall. These subules closely resembic
those found 1 socalled germunal aplana of Del Castiio With
mereanng tubular scheross the Sertoli cells ethow marked auclear
and degeneratian

Wh—ngcnncdhwcurthquoundmnfm tubules
(usunlly of the r adult nze) atwayy surrounded tubales
wnth Sertoli celts o) Germ celly were found 1 6 of our 20 cases
IDCrmatogonie were present in a1, and 3 1g-year-old boy
'Pm'nlwcytuwcrcfwndin.nmm:rnge—yur-o!dp:nmt and
spermatogenests was complete in & 314 year-oid boy at the begin-
mng of puberty and in a 31-year-old man (Fig 4) The latter
bowever suffered from azoospermsx,

A deheate hl b b  always present
utmuthemb.ﬁnlfmdbys«mummwu On the other
band clastic membranes, which normally e n the tubular
wail st puberty are only present 18 some of the langer tubniles and
many of the fmaller tubales are devold of clasiic tmue even in
%qu(%e'md”

5 Tubular seles s due to a depomtion of hyaline or fincly
brillar materia) outsde the intact basement membrane but innde
the elastc membrones whmtheva)frmt Tt bt sometimes
found only in a sector of the mbu ter complete scarnng of
the twhule the b memb disapp whereas the
elastic membranes onee formed persist. The hyaline tubular scan
vary greatly in sxe and there arc alwava some amall scars com-
pletely devord of clantic tasue remmants. The Indicster that these
tubules ether have undergone scleromis before puberty or have
never matured {De la Balre of o, 1954)

brr-a-ty\ﬂﬁa
¥ br preceded Tretardation et rrgremon of
rrt (:«-uw,b'-d Wade { prth. B Lo7)
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6 There 1 u clear<cut progreson of tabular sckross and a
probably relathve increase of Levdig eclls with mereanng The
result 13 eather a nodular arrangement of Leydig cells with much
Soose connective tmue thick walled vessels, and tabular scans or
h':gz fields of intersnitial cell with only Sparic connectve tistuc

few sclerased tubula The celly are nally well
prcn—v\:dind\c but exhibit marked degenerative nuclear

pol of the cyt in the older patients
fwreumlar% em 1 colha le the
oHapaumﬂmd&wradtumaﬁmmukcdﬁ

m the clumps and fields of Leydig cells. Many sections thro
the whole gonads 1n the 4 autopsy cascs were examuned and no
Ovanan timte was found. ¢ rete tubrales were hyperplastic, and
Iined by & high columnar epithehum, In all 4 cases abundant
ty'%c.l-l perineural hilus cells were found
are the emcntial fratures found 10 our 20 chromann

pasltive cascs  Most ofthun have been r:])oncd by other anthors
1-00 (Grumbach « ol _]uhon a 1956  Nelson, 1956

uchldl.l.,lg 7ibu mnmnmthdrr:pomumﬂm\"we
hx\-encvn-r foun 3 m chromatin negative cases.

hwcnm:m.fawdwcﬁumdcnlymbmprylpca-
mens from ch rmales with hypogonadism
FSH excreton (over 6 mw) and mastia (ol: havmg
Also azoospermia)  but the bopsies showed nothing but a du-
turbance oflpcrrrzalogum wathout tubular scleroam or increased

cells,

y one patient was found who may be comudered as an

Frot 8 Trkmier dnpucns w apparond males ook foaely puclesr ar.

Fro.  Low napct showing Ireguiar amungrTecat re
o pricat Coimolcs sl xbne saTs Mparerd by Leyg cefl aod
Ryonrokd boy without and mormal
TAH emeretion. Blopwy  758/s7  an Gresos, X 40. <
F h-m.,pcad Mom tuboks are
= e
- werma
:{mu«nﬁww (eh gy

ha_dFuLmﬂmﬂmmﬂsc‘hm-um
qo.
bokes of any (ng siee Ford by Ja-
Fio. 3 Detad of Fiy Nm-:.lncr‘:’dm ol 10 by
spired  Very wmall tububar sk Byesrokd by Ruopry 755737
X o
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?;Il:‘pclic ﬂhln;;fclt:rl syndrome 10 a chromosomal male
a hatory of operated cryptorchum, no h ditm, no
gymccomastia, but & ngnificant Excn:uc afF.Smmzmuoumd
A varying degree of ubular scherons wath merease of Leydig cells.
However there were no small, iImmature mon. tubules
and all the tubular scans thowed elastic ussue remnants
Tho 13 an cxample of what we connder w be & primary testc
calar atrophy (ie. not to hypopitwitanian)  We found
scveral other cxses of atrophy without obvious cause and po clinr
al oLhethanohgw or azoo-spermia. Hutologically these
e are characterized by tubular sclerons and pernstent or
rdig cells oo, but we always found 1t posmthle to
from the pecular changes 1n patents with

Thumcrpcuaﬂytrucmma:aufdynmphu myotonica

with testicular atrophy which, in contrast to the one patient of
Grumbach «f of (1957) all had male nuclear = cy had
h but F

43 DO gy
was moderately clevated m two casa undied (66 and 66 m.u

1y)

rﬁz‘b{wsy and four autopty specimens show that tubular
*cars and {ncompletety acl tubules are regularly dutrbuted
the latter always with some germ cells in the more or e degen
crated al epithelfum. Immature tubules without fbrosis,
or tubules fined by preserved Sertoh celb only are never found
The tubular scars sre almost all of the same dre and stwayr sar
rounded by clasuc twne remnants, The Leydig cells may be in-
creared us small clumps, bat they aho form larger nodules (Fig 8)

These changes suggest a primary testicular atrophy In’ two

¥ 5. Tubular sclerosls  Hyaline matcrial bs baod dows outaide the ity
oftre only Io ons sccior bascroras
scierosie.  Derse

Fio. 6. Tebmisr wicrosts  Elatic cormbranas b the wall of patent larger
tolndes, 1o the kower half xn foweeture seall tubsde wideout hemen s
without chmtic tamoe b the wall. Mart of the tubmler scars are devald of
Claatle fasur retmaan.  4Spear-old man. Beopey so7afsr Remorcia.
- mxaﬂ» of tubsder

Fo. gy 1 dismbution asd varying sec of ful sean, some of
ﬂ;mm“hm@mwnmw
Loy cofle  Sy-pearold ama.  Amwopey  158/35, Revorcs-F
on,

Fur. &, Testxcular atrapby ta  patient with dystrophie oy osculcs aod mmake

hear

_~

Tnor ackeronds with  ocdale of persdeseot Leydig cctie. The rabules
s are akmost all of the srme tire sad A1 surreunded by chatlc e
remeanty Gseycarekd mam  Amiopey 740/37 Remorc-Fuchas, X oo
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autopsy cases however Lcydlg cells were present only mn a few
scattered nodules. The imprestion that in these cases o certaun de-
gree of hypopituitansm was responnble for the testicular atrophy
was supported by the findwg of a duffuse atrophy and fibrom,
and a cystic scar respectively in the adenohypophyns. This s 1n

cement with the clinical observations and review of bterature
of Mertens and Nowakowsk (1954)

CGONCLUSION

Our matenal reveals a characterntic hustologrcal picture in the
gonads of phenotypical males with female nucﬁnr sex and
the more or lem plete clmnical ¥ of Khnefelter s
syndrome. It differs from primary tut{uxl‘;lr atrophy 1 chromo-
somal males, even if they should chnically exhibit symptoms of
Is\llnd'chc::ll syndrome 1 agree therefore with Lennox (Fp n-

muth & &/, 1957) who found i1t ponible to dutingunsh

caily between male

o male and female cases. Stll I do not think they
differ 1n the behavagur of the Leydig ecils, but do 1n the changes
i the tubula. The tubular changes 1n the chromatin pongve
cascs are indeed suggestive of a dysgenetic ongin. They may tnds
cate a fatlure of the cortical anlage with 1version of ganadal sex 1
gencte females or a meduilary (malke) gonadal development 1n
;:nixavlidvil;h with a female Ike mm’lc'hcmmmmu {shown 1n the
emale ike nuclear ) n uent development
ofthnmcdulhu.hmmuwrﬁcmdc&wwmumcm are
concerned, swhereas the interstitial portion, ie the Lcy'dxi cells,
are morphologically and functronally much les impaired by the
dmcordant genetic surrounding
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NATURE OF THE GENETIC DEFECT IN
KLINEFELTER & SYNDROME EVIDENCE
FROM FAMILY AND BLOOD GROUP
STUDIES

J 5 5 STEWART M.B. ChB MARIAN M IZaTT B&
AL ChB.

Urarersity of Glaagow
2nd the West of Scotland Reglomal Bood Trandfurdon Service

1 mouin ke to descnbe some of (he 1nteresting findings dre
covered 1n a study of our cases of Rhnefelters drome at
Glugo:v Siace tume m short 1 trat that you excure a
dogmate p tion of these
CHROMATIN NEGATIVE CASES
F’utdylclmmnudcrbcwwacmmmhmno[!hcdc{m
nmught occur  Ch g cases of Kiinefelter s synd:
are epparently femined males H'thcdc[ectwrftdom.{mnn.h:
father conld not have tranmuiied it for he would have been
affected and therefore sterile. A feminlred fansle mught, bow
ever be normal, at least in reapect of fertihty and 1t i pasble
that the mother of & case might tramsaut smch a dominant defect.
If 30 we should look among her brothers for additronal eases,
nblingy of the parents of the 16 chromatin negauve cases
include four groups—paternal uncles paternal aunts maternal

uncles and maternal qunts (Table I group can be further
dnided mio those who dred young ZD) before the age at which
remained celibate

tSanrﬂe (5) naud those who were married with children and
arc therefore apparently fertile (F)  For each group the rato of

chuldiens ta fexete edia { C-2) ean be catcalated and the to1a)
can be obtained by addog together all four sub-divnions. ft &
[ _
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RLINEFELTER'S SYNDROMEL —PFARENTAL SIBLINGS OF SIXTEEN
CHROMATIN NEGATIVE CASLS

clear that there 15 an excem of childles maternal uncla and this
cxcem o ostatmtically sgnificant (= 5802 p<oo02) It
should be noted that the childlessness i mainly due to the large
number of celthate maternal uncles. Eunuchoidum, a feature of
Klinefelter’s syndrome, may have prevented marnage and it
scems reasonable to add together those celibate and those sterile
n calculating childlemsness

CHROMATIN POSITIVE CASES

The chromatin posiive cases are apparently genctic females
who have been masculimzed The mother could not transmit
such a dommant defect, but a muscolimred male rught well be
fertile and the defect could be transmitted by the father Ifso
addinonal cases might occur among the father's brothers  An
analysla of parents ﬂbﬁng;o!'?d'tmmtmpodmmta
(Table IT) can be used to el hild! as1n the ch i
negative emtes. In the chromaun posttive cases an excess, probably
siguificant, of childlens paternal uncles {y present (% == 4 532
)(o-o; Stner sex revermal occun 1 chromatin positive cases
w-:vmu? expect to find a disturbance of the sex rauo if some of
these uncles are chromatin positive cases and In facta dh)turhanc:

ly st cant, docs occur (1* = ¢4-064 p < 008,

FOOb;chOJ?uurt‘axwdwn ence of inheritance. A normal
sex rato o found among siblings of chromatin positive cases but
th could be due fo the smaller family dze 10 thy generntion
coupled with a high  mutatron rate” producing a large proportion

of spocadic cases.
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Tamr IT
KLINEFELTER’S SYND'RO)E—P‘\R_E\'TAL SIBLINGS OF NINL
CHROMATIN POSITIVE CASLS

IMPLICATIONS OF FAMILY STUDIES

These findmgx tndicate that

1 Chromatm poutrve and ch tm pegative Al
syndrome are moular dlseases.

2 Both are inhented

8. The mechanum of inheritance is mmular

1~ The chromatin positive cases are, as noclear sexang suggests,
genete females

5 The mechansm of inhentance fs that of a sex controlled
domunant, the defect in chromatn pontive tases belng trons-
mll!ahlc by the father and 1n chromatin negative cases by the

felter s

BLOOD GROUP STUDIES
The pombllity of heteroplo dy or chromasome mutaton (1 ¢
chromotomal aberration) as the cause of Klinefelter s syndromme
was considered. The blood group antigens were cxamined ming
2 master diluton ttraton techmgue to detect catorn,
deletion or other abnormalinas. In two cases, one matin
POﬂdvc and one chromatin negative, unwual Rhow anagene
were ducovered  [n each case apparently heterozrygow (moee
agglutinatson occurred with Anth E and with Ant-¢ sc1a) ntrauon
ve a reqult intermediate between that expected of 2 homazygote
EE) and of n heterozrygote (Ee) but nearer to the former ~ The
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strength of Rhesms ani does vary and these results could be
due to chance alone  Nevertheless the possibulity that the findings
are due to an abnormal genetic emar or to tripl

must be further explored.*

ENAMINATION OF RELATIVES

Extensive examnation of relatives has not o far been pomuble
but some information m of interest.

1 A chromahn negative casc has a brother who n gronly
cunuchoid  Thus beother has been cxamined and his testes are
pormal 1n size (approximately § cm. each 1o longest diameter)

2 Another chromatin pegative case has a maternal uncle who
may be schirophrentc,

3 A chromatin posiave case had 2 paternal unde, now dead
who 13 sid to have hed small festes.

GENETIC CONSIDERATIONS IN KLINEFELTER 8
SYNDROME
A genctic mechannm operating m Rlinefelter s syndrome must
be satusfactory for chromatin pentive and chromatin negatrve
cases and maost abo account for the following reported facys
1 The octwrrence in a mhship of
(«) Chromatm positive nn;chmmnun negative cases of the
me (Grumbach & &/ 1957)
{(#) Khinefelter’s syndrome and Turner 3 syndrome (Bassoe,

1g.
E ﬂe associanon of Klinefelter s syndrome with
g:; Dysrophia myotonien (Grumbach & & 1957)

») Lanrence Moon-Biedl syndrome (Francke, 1930)
¢) Omeows abnormalides of the type a tly sometimes
scen 1n Turner s syndrome (Sohval and Soffer 13153)
3 The amocdation of Tuarners syndrome with dystrophia
myotomea (Nadler ef /., 1950}

NATURE OF GENETIC DEFECT
The reported facts could be explamed by a chr
aberrauon nvolving the autosomat masculinming (M) loa with
triplication in the matin posiive genetie female (XO0V) csa
and deletion in the chromatin negatrve genetic male (XY) cases,
Autosomal tramlocaton b one type of aberration which could
explain the facts,
Foriber Lo cstigations, mot yet complered, have sbom  that the account of the

‘prescmicd o the Sympolom was &5 00
e Y ks racirone ey Peove 9 bt brn Rorralioce.
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1 Chromann tve cases would be culinuzed femal
RERT pom s =3
2 Chromatin negative cases would be feminized males (MXY)
3 A reaprocal location 1n a g ent with a balanced

gﬂu.E-k.,u,
A R.snd LJ { p33) dmr J Alad, 14 328,

DISCUSSION on paper 15 16 and 17
Before we go any farther [ wonder whether ¢ would
001 be wise 10 see whether we are n agreement as to the cnterta
of Kinefelter’s syndrome. If we are not talling abont exactly the
those

the suall testes and the fibrosis and hyaluzanan of the semunifer

D?:;"fﬂ 1 —others may have diff vdzcv;:]on that, 1
vonder whether there i any agreement on that definitlon.
Lg:l]aigm.nl papcrs

Stewart  To confuse the prcture st} further onc of our
chromatin negative cases has a eunuchoid brother with normal
tixe terticles. He hag female dstribution of pubic harr and he
shaves ance a week. Hisspan is 6 1t 2 in. and hly height s ft. 810,
Would you aho fit lum nto the syndrome despute the gre of hiy
testicles?

Eurry Adwf(whﬂclxolmn}mwunmlcnnby:ﬂﬂn-
logit—the testes were dentcal with what # shown in hine
felter s syndrome yet the pathologust was quite convinced they
were due to mumpt.

In Stewart s farmiy stud es of the chromatm pontive
cases there way an cxcen of make 1n the paternal sbahip. The
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underlying 1dea 1, I take 1t that among those males there are
some genetical females. Have you actually looked to see whether
th?' are uctual{?' chromann pounive or negauve?

TEWART We are starting to do that, but 1t is going to be very
difficult indeed to follow them up  One chromatin positive caso
did say that he had a paternal uncle who had very small teticles
Unfortunately that uncle 1 now dead. I hope to see some of the
mothers of thesc cases and enquire about abortions and so on
which may explaln to somo extent why the ducrepancy docs not
appear in the nbs of cases. In one farmuly I hope to cxanune n

cular among the paternal uncles and suno there were
eighteen maley and two females.

Hamzs  But this 18 just in one farmily ?

Haas Itses danger

t seerm to me there B a t 1f the thing o
studied {n Just & few famulics because xgl:-xmoun: famuly there may be
intrafamulial causes to make them cchibate or something of that
wrt. The other question I wanted to ask way that it appears that
the frequency of chromatin positzve cases 1 beginnung to appeoach
a range where even 1n random scarchmg people k;g}ung at blood
smcan, ought to be picking them up by chance. I was wondering
if that had happencd

Davioson \{Znhavv actually picked up some by chance 1o the
scanning of routine blood films  One was found by chance from
the asthma cmc.

Bonor  Could I just msk Dr Stewart a questron—these en
quines that you made about paternal aunts and uncles—did you
m actual fact meceed m nterviewing all these uncles?

Srrwarr  No

Brior I mean maost people would not know the uze of the
testrcles of their unclea!

Stewarr  All I can say sir n that this particular patent
volunteered the informatton. How he obtauned it I do not know

Forn Dr Stewart, am I to undenntund that mn your explana
tion of the inhentance of this condition that you postulate a three
to one segregation of the four tramlocation chromosomes 1n the
amocation—postulated amociation—at the fint metaphase of
metons to account for 1t?

Stewart No in fact I was hoping you might be able to give
e some guidance as to what bappens to a balanced transtocaton

puder these circumstances. Would you in fact get one quarter
pormal, one quarter balanced tion and onec hall

tramslocation?
Fowp  We have quite n lot of evidence in mice from some
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twelve different trunslocation hines and 1 t say that thn
evidence fits 10 with a Jot of ce of tramslocations 1n other
animals, invertebrates and 1n t1, The ntuation can be repre
sented AB BC, CD DA, and th the centromere be iudlmtﬂby

wmall arcles.
S B
———— 0 —
—o— o—

D D

Now in appromimately 50 per cent of cases one gets a digunction,
[ dnt twold,;lu,-ut chmmo:cvmc!go to ono pole and a segment
hdi d and a scgment 13 deficent (D)

LT

ﬁc per cent of cases give unbalanced spam or ova. They
a1 can be demounstrated by an ingentow expeniment of
Sncl[‘x i fertilized by a bahnctdpmct:afﬂdlu’tyfpc(AB
CD or AD GB)theygivcmunblhnccdxygmc.bunf

by a complementary unbalanced gamete (eg AB BC s CD
DA)y—which can only occur in the matng of one animal hetero-
xygom for the tramlocation by another animal heterozygom for
the tramslocadon—then you can get a viable, balanced zygote
Bat there 1 jist no evidence whatever for a viable gamete coming
from a three to onc degunetion of the chromosomes, which doas
occur though rarely and I thought that was emental for your

Emvm l\o 1 mpattul.ﬂngnmp}ythnmm:dmuyou
got alternate diyj ua
mthAlndDmdAhonchmmwmcmtthdCunxt you

ttbeo-p te
& god gimdmm'bcdt.he per_cent of unbalanced
typu—thcoﬂmppcrcmtoccmwﬁnABdeDgumonc
pole AD and CB to the other Thcygmyounfuu-ctorfwr
chromotome scgments and the gemete 13 balanced. Suppose AB,
CD are the original chromosomes  AB and CD are then normal,
BC and AD give a translocated gamete.

Stewant  The concept is mtroduced mmply to lain the
report of Grumbach o &f (1957) anhxch)mhl\tnimm.‘nm
positive and a chromatin negative case in a dhship.
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Foro Yea Iappreaate that 1tisa very ingenlous suggestion
and [ think 1t 11 well worth Jooking mto I just wanted to point
out this one difficulty

Jost I with to comment just on one pomnt of detail 1n Dr
Lennox s presentaton  He suggested that sex revenal of the
gonad 1n the pontrve Klinefelter should occur very Iate in develop-
ment. If we agree with the idea that gonadal masculimzing
substances are required to masculinize the genal tract tn these
patients, we must assume that the gonadal sex reversal occurred
very carly before the beginning of the sexual differentiation of
the gemtal tract Vamous expenimenns on ammab show such
carly—even o incomplete—sex reversal.
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COLOUR VISION IN RLINEFELTER S
SYNDROME

P M F BISHOP DM, FR.CQP,
M_A. FERGUSON-SMITH, M.B, Ch.B.
B LENNOY, M.D PhD, M.RCP
P E. POLANI ALD MRCP DCH asd
J S § STEWART \{B ChB
(Read by P E. POLANT)
Guy  Hospitat, Landoo, snd Western Infrmary Glasgow

Ten on Colour Bindnes
w Kbmefefter ¥ Synirumc Lau ym Maunce Lesof Dr
Peter B ndlu{cdloﬁndmnﬁmmmryrvxdrm‘tonthc
genetic of some patients with gonadal

checking thar colour vinon {Polan o o, 1936) fnlgrwp
of 25 such patents, of whom 20 were chromatin o 4

chromatin positive snd ¥ unknown we found ¢4 who [
major colour vinon defect a1 tosted wth the Tables
Wet t that this could be wmterpreted as cvidence that these

patients only one % chromotome. We suggested that tha
mmodmddbcnpp&ndmomﬂgrm:ofpamumlha
between apparent sex and
In a subsequent letter to the Zaacet (Bubop o of 1955) we
tvited workers, who had cascs of Rlinefelter s syndrome, to stud
thern by thn method m addbon 10 nuclear cuny hoping theretn
to pool coough cliucal matenal 1o permt @ statituenl analysis of
m}our vion in make drsm
The resposse was quite good  Further cases arc in the proces
of betng wested by variss workers but you might Hke 10 sce the
results to date Over half of the caser 50 Table I were studied
az G by Dr Fu:}zmawmllh, Dr Lennox, and Dr Stewart,
cml\«mmal(}uyl.nn&‘:m
g-rattfulwtbtm rd to oy wd ddual case
Prader oFZurui:hzglgr’ W m’;P:F’M:ncm[" Dy Clarke of
Lserpool, and D White Joweph, Norman snd Cartes of
Lendon
Among the chromatin negative cases thow labelled “other are
3

v
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patents with azoospermia or extreme oligospermus, abnormall
small tastey and taticular biopues that are not typrcal of th{
Klinefelter synd; but show pred tly elther fibrows or
absence of germ cells, or o mixture of both condion

We can accept the nadence of colour blindness 1n the general
El:pu.lauon of this country as detected by the Ishihara Test, to

7-8 per cent among the men and not more than o6 per cent
among the women Then the tation of major colour defect in
a sample of 19 females would be o-11 approxumately and in a

Tamx [
COLOUR \ISION TESTED B\ JSHIHARA IN
KRLINEFLLTER'S SYNDROME"

sample of 26 males about 2 By the way we mught add to these
patients, 1If we oo wish under the heading other  the two brothers
with familial tasticular deficency desctibed by Sohval and co-
workers m 1955 and re-desenabed in 1956 whose colonr vision was
normal and who were chromatin negatrve,

T will hasten to add that our results are not statwtically sigmifi-
cant at the conventional level  but I think they thow an wnter
esting trend 1 hope you wall not object to my showing to you
these data, though incompletc  We need results on many more
casexr. And, fater we shall need to have more precuse information,
by means other than the Ishihara Test on the of colour ynion
anomaly present in our groups. Professor Picklord n Glasgow
kindly tosted two of the colour blmd patients on the anomaloscope
and found them both denteranomatos. I may add that Professor
Wright saw the Ishihara results of three of our ovarian agenesis
cases and thought that they too were probably deut,

1n conchuion should the necesary extennon of our data show

this same trend one plausible mterpretation of the findings could
be that the chromatin positive cascs have n fact an XX »ex
hrommome comutution s has been sugpested  the inference
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b?;ﬁ that some patients with Klinefelier’s syndrome are genetic
fernales

REFERENCES
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HucarrT  Is there any hutary of bemophilia ?

PoLaNt  'We have not scen any cases but we are looking
for one. It has been reported in the literature 1n one sibshrp in
a case of male hypogonadum

Saces  Did you do finger-print patterns in the Khoefelter
senes? Did you find anything 1n favour of the same sort of thing
u]z-uutuggmtforthemlomvmm:?

oLaMl  No we have done palm-prints and finger. ts of
very few cases of Khinefelter’s syndrome, and I wouldn ¢ to sy
about them,
I would like to ask an additonal queston about
feeble mundednem in Klinefelter s syndrome  An Argentine paper
I think, has described feeble muindednem occurmng very frequently
m Klnefelter s syndrome. From our much smaller ence
we have the same impremon. I would like to know i anyone
knows whether fechle mmdedness 1 les frequent i chromatin

i

Porant  Generally spealung the typical Klinefelters have
minor d of intellectaal im) ent. 1 wonder if Dr
Fu-g\ncl:g;txct‘h has to add on this point?
Frxguson-Surra We found that many of our chromaan posd
tive paticnts were of low intelligence. 1 wondered if pomibly thi
way the “upper cust of Klindeliter’s syndrome and 1n I
Eght find more nnumlg‘}xoplc who were realty mentally defective
who were 10 mental homes. I went to one of our big mental
1stitutions with 800 male patients and with onc of the saff went
rapsdly round the wards and picked oot some random samples of
cases which thowed some form of hypogonadism. We really
wanted quick results and 1n our first thirty using buccal smear
techmques, we pucked out one I was very excited aboat thus and
went back to do some more and found another  thus was a couple
of weeks ago  The interesting thing about this is that attached
to this hospatal n a school for men defective chuldren of the
educable type. Postbly this will provide a good chance of find
ing a pre pubertal case, which has not been described proviowly
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and which wall probably throw great hight on the pathogenens
of the tesucular lemon. (Sce Fergwon-Smith M A (1958)
Lancet 1 g28) The two cases which were chromatn pontrve
were we think typtcal eases of this syndrome  They both had
small testes and one aged 26 had mastia. The other tn
cidentally was a pamve hz:unc-scxugrn.c0
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urogenstal sunus and the genotype, as shown by the nuclear sex,
15 male The finding of a female frequency of satellite bodies on
the polymorphonuclear leucocytes need mot be regarded as a
contradiction of the skin sex, a3 I have demomstrated that the sex
chromatn maw on the nuclear membrane is not identical with
the satellite body of the leucocytes (Ashley 1957) and mmlar
drscrepancies have been alncmby fessor Greenblatt 10 other
cases of gonadal dysgenems

The only cases in which & female phenotype has been associated
with a male otype have been those of gonadal dysgeness
(Turner s me) Tho conditton 1 commonly asocated
with skeletal and cardiovascular anomalies which were absent m
this case and a few mstances have been recorded in wiuch there
was aromalous development of the urogenital simn (Gordan of «f
1955 Grumbach o o/ 1955) The hutological features of the
gonads in this syndrome are however different from those 1 this
case  the characteristic pieture i that of a fibrous structure raem-
bling ovanan stroma withoat nal elements  The hustologrcal
appearance of the gonad has led to the currently accepted theory
ogl.hc xuology of Turner’s syndrome that it » due to faddure of
the embryonic, undifferentiated gonad to d either becawse
of some unidentified environmental factor (Grumbach « &.,
1955) or because of failure of the celh to migrate in a normal
manner to the urogenital macncm:l(ﬂ and Nebon, 1957)
with the agumption of 2 nenter form w mml.nnoonm'](c:rui
to approximate to that of the female Nelther of these explana
tions 1% tenabfe 1n thus caxe, and a atate of sex reversal snalogous to
that seen 10 Klmnefelter a syndrome with female nuclear sex must

be postulated,

morp of the dition can most eanly be ex
plained by the hypothens of Hoffenberg and Jackson (1957) that
the nature of the and thence the development of the
Mallerian and Wolllian duct systems and the structures denved
from the urogemtal sious 8 normally determined by an evocator
1a2lf genetically determined and that in thu type of case as i
Kiinefelter s syndrome  the cvocator is abnormal to the genetic
X

This care pletes a sequence of devel 1 abnormahitses
of the gnmd‘” fernale to male sex reveryal (Klinefelter's syndrome)
— trme b tum with gonads of both sexes and genotype
of ather—male to fernale sex reversal of this child 1o

interest to follow the
It will be of gremt 1 ahead she ks functionally as well as

he years
““hﬁqyfﬁ;,kmd pecially whether she becomes peegnant,
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(I n indsbisd ts Dr R, H White-Jenas exd Muss I M Forshell for
Permussion o raport thir cass whick 15 to be publisked m collaboratzen tovth
Dr C H Fones )
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DISCUSSION

Porama T wish I could answer the question lied 1n Dr
Ashley’s last remark. 1 am a pedistnaan and coupled
with the fact that I have this interest in muclear sex, means that
when I see a child who 1 undemyed I have the nuclear sex
determined. Now there were two girls who came to our out

tients about the ime when the Turner s syndrome was occuy|
Egulvcrymuchtbmcyu.utgu mdwhommymﬂ%f
these two girls one was men defectve  dwarfed, and the
looked bumrre. She didn t ook like a Turner s syndrome by any
means and she had retimith p gmentosa, The other was t
and cheerful and had no somatc stigmata of any sort In
apart from the fact that she was shart she was
in every way We did the skan sexmg of both and the blood sex,
and both turned out to be chromatn negaave. We thought they
were casa of ovanan ageness of whatever you Lke o eall the
concution, and we left it at that, ww for development. One
of them way referred, aged 14, to Dr the other was not.
Now 1t turned out that at about the age berty both girls
develo ﬁmlrwu,v_hmpu&chaumdmlﬂlvhdr md&rm
started menstruating and they continued regularly for the Last
inrp]t:ofhnvmguﬂ;‘gdnmmﬂn negatrvesexof both akinand bz:rd.
We don t feel jurtified in having a look 1nside thoagh 1t o very
tempung and I don t think 1t would be teed.

Ovanrrrn I think a4 long as you not thee through the
whole gonad in thi case it b ot proved that it 1 not & true
hermaphrodi

te.
Davipsox | wonder if perhaps Professor Barr has thought
about this 1n relation to the true Rlmefelter cascs. He sent me
blood films from cases in which he found a normal “female
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frequency of nodules 1 the skin but only a very low frequ of
drummticls 10 the blood. Is 1t not posuble that oncﬁtmsxg:twand
another type of case 1n which there was a normal frequency of
drurasticks 1n the blood butalowfrﬂ; of nodules in the skin?

Barz  There were two cases of cfelter s syndrome  1n the
one we both had to examune 800 1n the other goo neutrophils to
find nx typical drumsnicks—but as far as the oral smear and ep
dermzs was concerned these ap, hke normal females, _;113]‘
sex chromatn was present in the tame frequency and os far as
one could judge the same nae and shape and everything else 1
think we cannot answer that problem until we kpow exactly what
o the relationship between the drurmucks and the sex chromatin
in other cetls.

Kuwarr I think we had a umlar example at Basle where
buccal mucosa and epiderms were female 1 a case of Khinefelter s
syndrome  Blood were sent to Profemor Wicdemann and
we got back a count of 6 drumsticks to 2000 or 1500 cells.

SEnerany May 1 aprwer the question put about the fre
qu:m.?' of the wx chromaun m Kliinefelter s syndrome? We
have found a low mnadence of chromaan poniive nucler in the
Sertol cels We know also that others have found mtermediate
values between 7 and 70 per cent. But we were not able to find
more than 6 7 or 8 per cent 1n those cases where the Sertoh cels
were m 2 good condrvon and I would like to ask Profepor Barr
if he ham ¢ made o simular observation  There was one case in
which the Sertali cells tn some tubules showed 6068 per cent
chromaun posttive nucler and others were completely devord of
chromatin positive celis It scerned to me alwo that the percentage
1n other organs adrenal cortex for example, was Jower than those
percentages Profenor Barr has found 1n normal females. But that
ought be a comsequence of a different technique or that thuy
matenial 1s not very sultable for this study

Barx [ think we are a that the Sertoli celh are etther
unauited for thn cytological detail or for some other reason the
frequency of the suckt with the sex chromatin in cases which have
otherwise female nucle: 13 jesa than normal. 1 den t recall having
done any recorded counts but certainly looking at the tubules one

does get that impression. I alwo get the impression that even the
bly a little patchy with those that show the

Ils proba
L;mu:\rind those that do not. As far as orzl mucosa and

kit are concerned they appear to be normal femaie in the few

e B nt I think it was Sohvai wholy‘omtcd out
14

On tus
\hzu\:r\ymfnc( ;l“l the b celts. Could I ask one of the embryo-
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THE NUCLEAR SEX OF TERATOMAS

LOIS M. MYERS MDD PuD, DALRT
Ontano Cancer Foundatbon, London Climse, ¥iceoria Hospinal,
Loodon, Carmda

formerty Middlacx Hopital, London

I this paper [ shall present the findings of a study of the muclear
scx of a group of teratomas. Ax a bans of comparnson a prelimn-
:R'n'mmimuonmnndeof-nnctyofmdmu.mdndmg
fibrom thsae, all p 1 of ovarses
and testes, and 3 to 4-month-old huroan eml In additon,
s detailed stody was made of 162 bengn malignant non-
teratomatows twmours. [ ghall not discuns thae findings except
to say that m some tumours from femalet, sex chromatun war
frequently free in the nucleopl or ad); to the mucleolus
for example, in Brenner tumoury of ovary up to 86 per cent of
the mawes were in these pontsons. [ have therefore dengnated as
sex chromatin any regular dncrete chromaun mass approxmately
14 in dameter with the approprate chemical consttation,
trrespective of It penton 1n the nocleu.

One hundred and five teratormas 64 from females and 41 from
males, were examined. All sitable component tstues were
stucdied including when present, stradfied squamouns epribelium
and dan, pervows usue mmooth muscle fibrous conmective nssue
cartilage, reparatory thyrofd and mtesunal epatbelium  Maluple
areas cach conmutmg of 100 comsecutve snutable nucks of the
particular eeli type were cxamined, and the inddence and

chromatin
stained with methyl green and differentally
with crystal vaolet and thionm

Of the 64 teratomas from females, 47 were ovanan 7 medias-
tinal, 6 sacrococcygeal and 4 from other sitea glw;_:r:bcnlgn
-ndlmaﬂgmn!,lnxhcbdﬁgngmu?,qp emake ex
chr ] was reachily Mentified umiformly gboat the turmour
n all co ment tisues, in an average of 60-03 per cent of
nucld w m{o‘:g of the mames situated at the nuclear

fc

the
membrane (Tables II) There was, however some vana
bon m ton for ple in well-diff d fied
squamous epithelium m g ovanan trratomas, 23 of the sex
chromatin manes were free in the nucleoplasm or adjacent to the
19
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THE YUCLEAR KX OF TERATOMAS 147
nucleolus  In the malignant teratomay, sex chromatin could not

be 1dentified accurately 1n rthelrum, embeyomc hver and
kdney or m ma t glandular eputhelium.  Immature
mesenchymal and prolife fibroblast hike cells ¢ d

typical sex chromatn at the nuclear membrane m apprommatety
2f3 of nucler,

Of the 41 teratomas from males, 33 were testicular 6 medias-
hnal, 1 retroperitoneal and 1 from of neck.

According to ther nncjear morphology the 33 tesncular
feratomat were divided mto four groups

4 Nudear sex umformly male 13 cises
B Naclear sex unormly fermale 10 cazes
C  Nuciear sex diverse—male and female 8 cases
D Nuclear sex abnormal female 2 cares

Grewp A (nuclear sex unuformly male) In 13 casm, nucla from
well-differentiated timues had a typical male morpho with
scx chromatn present 1 approxamately cent of pucles
(Table 1T 5 per

Grewg B (puckear sex wnformly female) In 10 caacs, chromann
manes identical with female 3ex chromann were found in
approxmately g2fg of nuclel 10 afl mmuble welldifferennated
tmuey the majority of the mases being mruated at the muclear
membeane (Tables 11T and IV)  There was slighthy more vana
tlon 1 nxe of the sex chromann o the teaticutar teratomas than
1 the ovanan

Growp C (nuclear eex drverse—male and femaler  In 8 cases,
the pucear morphology vaned in different porpany of the
teratoma, bemg male wth 2 Jow inadence of sex chromatin
in some areas, cqlul}yrypwalfcmalemth-h;fh centage
of sex chromatn w other regons (Table V) Mufuple areas of
variow tigues of comperahle degrees of matunity were examuned
and pereentage counts made

To lustrate this in Case Mo 1 the male and female compo-
nents were clearly separnted 10 the two sectroms avmlable one
trcuon containing entirely female type nucles and the other
secton male type nuclel execpt for one female regron separated
from the mam portion by a rone of dense fibrows tmue. In the
male component, the average inadence of sex chromatin was 3
pcrccntmytknuu, whereas in the female component
sex chromatin was present 1n an sverage of 75 per cent in 6
dufferent tmies.

In Cax No 2 (hem.iku‘bdfmuknrmlmn-gttdlmpn:ﬂ'pﬁbl)
Fig t) The malke comp d xex ¢ in an




er

e e

I T







150 SYMPOSIUM ON NUCLEAR 3EX

average of 6-1 per cent of nuckd 1n 6 umues while the female
component had sex chromaun 1n 67-8 per cent of cells. In the
remauring sx fumours 1n thus group the male and female areas,
with a low and high inaidence of sex chromatin rcll'ﬁccuvdy were
clearly integral parts of ane turour Figura 2—9 illustrate repre
sentative nuclel from varions tmwes in the male and female

ons
w?t 13 posuble that the fist tumour 1n thus group 13 composed of
two scparute tcratomas, but 1t 1 nconcervable that all the
teratomas wrth this diverse nuclear morphology are fused maltple
growths,

Grexp D (nuclear sex abnormal female) In 2 casa, one-third
to two-thirds of nucler contained two chromatn mawmes each
indutinguithable from normal female sex chromaon os illus
trated 10 well-differentiated smooth muscle (Figs. 10 and 11} and
mucous-scereting mtestinal epithchum (Fig 12) as well a3
benign conpective toue fibroblasts and immature stranfied
squamows epathehum (Table VI)

Of the remaiming c1ght non testicular teratomas from males,
seven had male nuclear morphology and one mediastinal tera
toma contmned female sex chromaun umfermly 1n all tsues
(Table III)

There 13, as yet, no adequate explanation for the preacnce of
chromatn masses wdentical with female sex chromabn i tera
tomas from males. Various posubulities will be considered briefly

Many investgators ncluding Leuchtenberger « o (1954)
Stowell (1946) and Bader (1953) have found a wide varation

Fro.  Testbir tratoma, Grovp C. Stratifed squamow eprihctum—
male componen  [vo sex chromato vslble. H.and E. 200,
Fio 3. Terncubir serasoma, Group G Istertmal eprthefhnn—female com-
panent. Sex chramatn free m puckeoplasn. Hoand £ s00.
n Teytcubar teratoma, Groop C Benign conmective twme
uié_kmpmxun Sex chromatin 3 not ke Feulgen x 1800,
Testiculer temtoma, Group €& Beogn comocctry  thwuse Abroblast
Lo Lrwﬁmn-mmm L
md L x 200
Fia, 6. Teathoubir wratosss, Group C. %anoth mncle—make componeat.
Ao scx chromatut present. H apd L. x ro0.
Testrenhr terasoma, Group C. Smooth muncle— ke composernit.
Fn-i-;‘Puncbrw-ﬂa ¥ bockar membrane M. and . #00.
eratoma, C. Cartllage—frombe component. Sex
o o e mic, 1L and & %o

C Glawad resprasony
P g Tewiubar b, Grop (O e }m
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the DNA conteat of malignant tumour celb which has been
attributed to disturbances of nucleic acid synthems or to alter
atons in the chromosome content of cells anoaated with mtoss

r '.91/." R i Lo
A e 4|
’ T}ffg ?'f% 7@
9 771

!
25

Fu. Fn,
}
-
),
bj‘_’g} N bl
. — . X
7 [N o,

Fi o Teocur sratme, Group D Secoth xumckt —ex chromatin
membrmme. Hoad E. 800,

vimble at muckear
Fo. Fleld Mentical wkh Fig. 0, ot dffrent Jod of form. A scoond
wx chromatin neass b vlbie at nockcwr owenboane H. smd E2 poo,

Fro. & Teswubr trrasoma, Group D Iotcstraal epetbeflun— sex cho-
aatm rsscs  salblc at xuckwr membrane. H. and 2 X so0.

Koller (1 1 Hsu (19548 1954b 1954c) and Hru and
Pmn:n(t 9(9953)91:7:)\.-: da(u-fbcd abnormal ‘mitoses §n human
tumouns with 1 alteration in bers of ct in
cels  Evidence has been peesented by Swaft (1950 195g) and
mpporttdbyﬂrommndc(:]?ﬁ)thatDVAhiymmmd
during interphase, so that & contains double the pormal
amount o‘l‘r;)PNA pror to any morphological r_hanqu msoctated
with mitosns 1t i theoretically pomible that thhy might occur in
the dusorderly growth of teratomas, with resultant fmion of the
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hetrrochromatic poctions of the XY chromosomes to produce a
man amilar to female sex chromatin. It 15 unlikely that enlarge
ment of the XY chromosome complex 1tself, as has been desenbed
by Barr and hn co-workers in nexve cells of the cat under 2bnoemal
conditoms (Barr of ., 1950 Barr and Bertram, 1951 Crouch
and Barr 1954 Linday and Barr 1955) would produce such
promument Mmatn mames 10 teratomsas.

rare occmsions, a teratoma rmght develop m an apparently
normal male whose tmsues contain female sex chromatn for

cample 1n Klinefelter’s me and related conditions, as
described by Plankett and (19562 1956b) and Grumbach
# & (1957) It » Interesting that Sohval and Ganes (1935
found scx chromatin in a t mechastinal teratoma

from a 22 ~old male with marked teral testcnlar atrophy
Further Hunter and Lennox (19654) found female tex chromatin
in a pmeal taatoma from an 8-y 1d but subseq
examination of & skm biopsy rahed connd e doubt about the
muclear sex of the patient. In own group of extrataticular
teratomas from one of t contained female sex chro-
matin  this was a mediastinal teratoma from a 14 year-old
boy and in the sections available, there was some doubt whether
a portion of thymic ttmue which contmned sex chromaun was
actually part of the tumour or not. The evidence was incon
clotve and 1o further tssue or skm biopsy has been available for
Xamination.

This wonld not explain the relatively frequent occurrence of
female tex chromatin 1n the testicular teratomas, for 1 my series
of g8 casex, nome contuned ngnificant chromatun mames 1n any
cell type 1n the compressed nm of teatis, wath the dogle excepuon
of the Wolffian duct dervatrves. In both narmal and atrophic
testes, the efferent ducts contained onc or two Feulgen-ponitive
chromatin mases nmular to female sex chromatin 1 ap averxge
of 565 per cent of nucla  one-quarter of these were adjzcent to
the nuclear membrane, There &, however no cvidemee that
teratomas ongimate from these celb.

In ap attempt to explain the occurrence of female-type nucle
In teratomas from males, Hunter and Lennox (1954) Lennox
(lgﬂdlnve advanced a theory m\'oh'ln_F relf-fe ton of two
haploid cells (gametes or others) and Tavaros (19552 1955b)
has d the parth divison of haploid celb
followed by chromasome reduplication. In view of the diverse
muclear morphol found in approximately onc-third of testicu-
lar teratomas 1 think that some further explanaton mnst be
sought.
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(Reports groweg the full drtmls of thets muclear sex studies 1a mormal
fisrues and teratomata ey 1o be publisked  (F Path. Bact 1a press )
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DISCUSSION
Sacrs I wonder why the speaker feels she must Jook for an:

further explanation than onc which has already been ruggest

I would have thought that the evaidence which she has presented
would tend to support the suggestion of thenogenesis, because
nnce onc cannot tell tie difference by li::uclnrtcxlng method
between \Y and XO the mosaic picture ean very well be
explained by the oastence of an XX part and an XO part. You
can get such a thiog in a male bcmmcnt‘qmbaveapunbcw-
genetic developrment of & cel! which has an \ chromasome clther
ou will then get an X\ teratomata or (if some of the cells have
Iml one of the \ chromosomes) you wm!ﬁct 20 XX and an XO
m the same trsuc. Iuhthe same way in }dc cases in w}dlghmmm

two large sex chromocentres could you not expl
::;1, by the fact that it & known that there are tumours which
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are polyploid? Sunce thewe polyplowd tumomrs have duphbeate
me materfal, they would also have a duplieate number
of sex chromosomes and therefore you could quute readdy get two
#ex chromatm dots in thee tetraplod teratomats. On Laxt
pount, of course 1t would be relagvely sumple 1o sce wh ther the
nuckenr mae 10 the termtomata with two distinet chromocentres 1
greater than the normal noclear nze with ane chromocentre
Myxms I have not crammed muclear size m detatf [ thunk
the imprestion 33 that are larger  Regarding the amnal
staternent about WA mad XO 1 thank that conld welf Gt bus
what I could not understand wnx the merging of the two are

impeerh e
ors  If Dr Sachs b wiling to t polyploady a
explaining two sex chromatn bodies w an ongnaily ma*lfnucinn
‘k:! not say that it u yust as pomible that & single sex chromatn
y i male nuclens 1s also due o polyplndy—uot requining the
parthenogenetic theary st all. In other words, of you have a
nngle X chromoaome and throogh polyplody vou get two of
them then you coukd have 2 nngle sex chromatn body and of ths
gmonymcouldhntmnmdmblymmbodu

Lokwox  In some male teratomata with well-formed nngle sex
chromatin mases the nuclear sze 1 the fame 48 in normal
squamons epithehum.

Sacme e guertom of the two bodies #s Dr Myers said o
that where she had two bodies the nucked were et You need
not expect them to be double the mze  You could that there
was more chromosome matenal praent by determining that there
‘was more nuclac aad present. [t u e refatovely nmple asumpton
to make that if you have more chromatin ma that some of
the chromatin material present i excen m the sex ¢
&n;unl. 1 tve never booled |;[mmm=ia m)dlwu b judgng

t the nze of the two scx chromatn manes
WAy mmoggc’;}:wm no queston of its being divided inte
two halves,

Myers | have pot done any detniled measurement of them
but they do appear perbaps shghtly larger—particularly
fitroblasts which comtan two chromatin masecs.

Sacis It 1 known from wock with all lands of other temoars
1hat yon can get enoTmons vanation in chromosme tumber in
different tumotry  You can have diphod, tetraplotd, and poly

oid tumours,

Myzer Ay feehng m, that is more lileh to be the explanation
of thus varaton in teratomata sather than go:&g back to the arigin
of them from parthenogenrais or something ol that sort.

B s

-
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Baze If polyplordy occurs in a male there will still probably
be & Y chromosome which may mhibit the %

hiraes I dont know whether 1 quite agree that the Y
inhubuts the \, or that there 1 no half-nzed sex chromatn in the
male nuclens 1 think you yourseli Profemor Barr have stated
that you may see a small masy i the male nuclews I have been
able to sce it too The problem 1 that 1t i so small we caonot
with ccrtmn%]dlﬂ‘mdntc it from the rest of the particulate
chromatin. ere may be a hall-ured chromatin mass in the
male nuclevs and I don ¢ se¢ why if the male nucleus wath its
one X 13 polyplaid, 1 which case you would have two Xs or mare
that 1t cannot then develop a sex chromatin body

Barr  There 18 one point agaunst that I think, that comes out
of the atudy of tumours other than terntomata, and that 15 that
in tumours ansing in male hosts, 1 our experence, one docs not
find the sex chromatin and some of those must surely have more
than one \ chronosome

Atan Anuepating what I will my about tumours other than
teretomata, I would to say now that we have meanured the
DNA content of our male tumours  althongh from the DNA con
tent they were tetraploid, none of them bad sex chromatin masses.

Bazxr  In our work on tumours, our main difficulty has been
to get really uons It m dufficult to get specimens put
mto a sutable fim quickly cnough. Onc other quation
Were the two tumours which had two sex chromatin mases

hjﬁﬂy malignant?

{vErs No they were not. In the two scctioms available there
was scarcely anythmg which would suggest malignancy at all and
they looked hutologically benmgn.

Baxx  The reason I ralse that s that 10 mabgnant tumours 1n
fernale hosty, 1n certain speaamens up to 15 per cent of the nucler
had t vo typical masses of normal nze

Lexxox  In defence of our onginal suggestion of the fision of
two haploid celby 1t does secm to me to have one hug adventage
wn that 2t affords a ible explanation of the energy of growth
of the teratomata. ¢ funon of two haploids docs scem to be a
stimulus to subsequent growth whereas there 15 no reason at all
why the mere encgenete diviwon of a ecll should cause
:mzvc are arguments the other way but I think
there 15 still somethmg 1n our onginal idea

Siearaneans | want to ask Dr Myers about the constituents
of the ovary  She sud she had exsmuned the different parts, and

the quesbon was raised of the sex chromatin i the

lcrdxy
E'toll eclis and i the perhaps analogom granalosa celh.
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Mrxma I found that the sex chromatin was readily identifiable
in granulosa cells and 1n all the elements of the gvary  The only
oo part was in the Wolllan remnants and they have
the pactare that the afferent ducts of the tests have, with
one or two chromatin mames in the nuclewm, quite often free or
adjacent to the nucleolus AEan from thu, all the tissues 1n the
ovary d typrcal sex

Davisox It seems to be rather mportant that where we find
female teratomata 1n males, that other timues, completely different
thould be examined because 1n one case we think we may have
packed up a jumor case of Klinefelter’s syndrome. The blood was
chromann pomtive as well as the tumour At least a blood film
should be exammed 1n these cases.

Mvzrs In most cases one only has the tumour to examme
In some of the extrateaticular cases it it posible that the tumours
mught be ariamg 10 cases of Khnefelter’s syndrome
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FURTHER ENQUIRIES INTO THE SEX
OF TUMOURS

AMANDIO S TAVARES MD
Department of Pathology Faculty of Medidne
Udvensity of Porto, Portugal
Tue study of the sex chromatm 1n tumours has yielded some
mteresting results, the mterpretation of which takes for granted
an intmate correlaton between this mars of chromann and the
presence of matenial from the XX chromosome par

are obeyed and 13 extennve use in mtersex cases and, especially
1n tumours—whose alterations due to the multiple procemes of
dufferentiation and dedifferentiation are well known—induces us
to review the notion of its value outnde the normal cell

It is ot my mtention to deal here with intersex  the problems
which arue from the study of intersexuals will appear with higher
mteputy 1 the tumour field As rds the nuclear sex of
tumours it muat be smd that the dufficulty of com n between
lenons clasmfied by dufferent snvenigators unng different criteria
adds to the dufficulty inherent in the observation of cells pomessing
a more or lesy aberrant cytophymol

Hunter and Lennox (1954) found that tumour tswues do not
differ as to tho character irom normal thsues some teratomata
from men are to be excluded from this general rule  This report
has been confirmed by others (Cruickshank, 1955 MMoore 1958
Moore and Barr 1955 Tavares, 19553, b Rodermund 19
Riviére 1956 ctc.) and the tcratomata exceptioms were n
the claborntion of teratogenetical hypotheses, always under the
amumption that a chromatn pesitve nucleus means a female,

cell.

‘Of.um- srregulanties were found within this pattern . Weinmann
o al (1955) reported some female  basalcell carcinomata in
mcnmtfumvcne[y Ion of sex chromatin was observed [n a fair
aumber of cells 1 undifferentiated-cell caranomata from our
files (Tavares, 1956 1957) Another exception to the ruke of
hoat tumonr scx Mentity was inted out in prostatic earanomata
by Coutts ot af (1955 1956) who used phase contrast for their
[



ENQUIRIES [NTO THE $EX OF TUMOURS 161

observanons and condluded that chromaon-negative tumours
were more respoomve to hormonal therapy than chromaon
pontlveones and to conclude the Int of iregulanties discovered,
we will mention the report of some chromatn-pontive semino-
mata in men (Manam 1956 Rivitre 1956)

It was thonght that these apparent exceptions ought to be dn-
cussed and compared with my personal expenence since they
sccm to re-open the problem of the viruabzation of the sex
chromatin within the nuclens, and cvcnhn.%{the problcm ofv.be
true relation of thu chromocentre and th
(rdldomwhid:uthmmbcﬂnqunﬁﬁrdlhmlmdcﬁm]

In the case of undiffer d-cell car 1, a1
already reported (Tavara 1956 1957) the nuclear patten n
grudynlt:md.,m:mhryonicpl a‘nbangmhmmlrdﬁarthe
adult onc and a d towards { valucs n:uy
appear  the frequency of chromatin pontive mucka being smaBer
than usual in female tesues or greater than usual in male tumues,
It must be 1axd that the concept of undifferentiatedcell caranoma
—as dutinet from the anaplasiic carcinorma— vague based
1t o on the Ih!mcc of nuc.lcu or moplum.lc dufferentiason and
of any d evoluton. The
nuclear structure mcl the gndamm ol'l'mqucnua found in thesc
instances enable us, I think, to speak of & sex chromatin behavrour
rather than of an hypothetical, djﬁimlnocxplaln :cxn:-vcrn]

Although these n
Lbcgmmlgmupofban]-cd]mrunomu,Wunmannlﬁndmg:
cannot be compared with those reported as acrompanying
cellular undiffcrentintion  the counting technmque s moce re
strictive than that we wse, with lower sex chromatn encres
in normal male tmues Wemmann of & (1955) ed as

“female  mny neoplastic area with 2 or more per cent of chromatin
positive nucle:, and thus they reported 48 per cent of podtiveness
among the 180 arcas counted m the 1t neoplasm studied 1n men
The real percentages varied between 2 and 30 per cent (mezn 13)
for males, and the avernge for tumours from women was
cent, § e, about half the normnl v-n.lue however 1t scems ﬁrdly
wufinble to correct the ob by
Lynfac(or of 2 giving to Welnmann o ¢ values (zhmumx
values) of 50 per cent or more for tamours from men It 8
mcndalmldmnfvthercmnforlhcbwﬁrqucnduinnco-
plasm from women before such nwrrrcdonmaybcnppbcd
nmﬂkahnd - d:l’-v-’d crils from ;:rl:' ‘L mhkd‘ﬂ
e o LTS BT S T
dencustration of this  (Bur  937)
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Furthermore, the Irregulanity of distribution of chromatin-
poutive nuclel is well known to amyone who has determuned the
naclear sex of a tamour &3 Rodermund (19, 6}} stremes  th
phenomenon may be due to alterations ofthclg A metaboltym,
and further work 13 needed to throw light on this point.

The altered cellular physology 15 certninly responsible for the
greater difficulty and Inck of preciuon 1n rdentfying the nuclear
$ex 1 ant tumours than i normal tmyues or 1n berugn
tumours  Such s Rivitres (1g56) explanation for the high
frequendes found 1n cancers from men and the loss of sex chro-
matn from mabgnant cells from women. However the values
reported by this nvesugator form two homog groups,
scparated from each other by a short luatur centred at go per cent
and bendes “at 13 true that, if only appropriate nuclel had been
exarmuned and included in these statishes, 1t would be ble to
attain the average of 50 or more per cent, 1n all cases  of malignant
Ienons from women

Low values are frequently encountered in tumours with high
mutotic indices,* but 1t 13 not yet pomuble to find any rule for this
fact. There are many exceptions and technical conditons (for
example, varability of the section thickness and of the cellular
wlumc}awhjch hibit the use of the approprate statstical treat
ment Even 1f entdence of correlation o found, 1t 1s pomible that
this correlation may be attnbuted to & common cause rather
than o any iaterdependence. The uency of puteses influcnces
directly the frequency of resung nucler and consequendy  the
possitnlity of expresmon of the mocentre 1t i true on the
other hand that the method of selecting nucler for exampatron
somewhat reduces the effect of this influence mnee dividing nuclei
are not included 10 thccoc;u;.ixh p ;

As regards the cases o uenaces 1n male tomoun,
Weinmann o & think that the npr_;cqnnncc of sex chromatin »
probably due to the same came in all caswes and may be “a
manifestaton of an intemnal or external eawnal factor which may
be simultancous with, but may alwo precede anumption of frankly
neoplastic characterstics us, all cclhs presenting an altered
nu sex would eventuslly give nse to tumourt. The rexsan
for the Jow frequenccs of chromatin ponitive nuclel remainy still
to be (nnce such an alteration would be indispensable
for the appesrance of the tumour there should be a greater
percentage of chromocentres) as well as why such 2 fact o not
obeerved in other non teratodd tumours,
mwammdnnduch_dn;zimmswfndw
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As already stremed  the concept of undifferennated—cell cara
noma 15 somewhat coudy and calls for a sharpening of defimng
cnitenna, and also 1t be n to compare the critena
used by those working 1n this fiecld However the fact remaing
that, among the tumours, which were at first conndered as ex
l:uhmngigc same nuclear sex as the patient, some cxceptons
exast wi may point to & common morphological type of tumour
or atleast, to an identical alteration of cytophymological procesmes.

Since we know that cellular dufferentation 13 anociated with
a varation of chromosomal complement 1n mulapla of &, 1t

ht be that the cytological characteristies of undifferentiated-

ardnomata represent the morpbological evidence of such a
vanxuon, 1n the direction of haplordy for females, or polyploidy
In the male cases. It would be interesting to identify the tme
pattern of the alteration of the chromatin pontveness. If thu v
trandent and npon-inheritable, then these tumours should be
conadered as variants of the basalcell carcinoma  a permanence
and Inheritance of the nuclear sex alteration would, on the other
hand be an argument 1n favour of this being a nosological entty

Disturbances of the dufferentiative processes, other than de-
differentintion seem to have no wnfluence on the sex chromann
frequency  Two t);ﬁa of tumoun were Investugated mixed
tumoury, most of them of the sahivary glands, and ovanan
neoplasms. The choice of this material was on the presence
of muluple differentiabon lines in mixed tumowrs and the de-
differentiation observed 1n many ovarlan tomourn Seventy
mmxed tumours were chosen at random, selected for good fixanon
condition and observed by the wual techmque (Tavare,
19558, b) The average values obtaned 72-6 Srmgc 56-82) in

tumours from women and g-0 érnnge 2-23) in 21 tumouns
?r%mmm,:uggutthntmlynfcwo the tumours from men tend
o copy the nuckear pattern described for some undufferentiated
cell caranomata with a high frequency of sex chromaun. This
may be related to dusturbances of cellular nutnuon, unce 1t »
more apparent in areas of mucoid differenvuation  On the whole
however 1t seems that the study of the nuclear sex enables us to
corroborate the view of those authors who think that mixed
tumours are not teratold i nature

One hundred and ten tumouns of the ovary (12 dysgermino-
mata and 98 caranomata) were studied next. Tn 2 cases of carcmo-
mata low uenctes of chromatun-postive nucler were found (52
and 51 per cent) mjtc‘ab::ﬁahmdmtinm one of them, All
the other tumours were y clasified a3 Temale™ (average
699 range 56-83)
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Another ble source of influence on the chromatn postiive
nesy of nucler 13 the particular moment of cellular phynology 1n
wiuch the nucleus 18 observed  Sexual chromatin ‘counts’ on
cortical adrenal cells were co with the levels of sterord
(17 ketoateroids, 17 hydroxycorticosteraids, and total reduang
sterauds) unnary excretion prior to operation, and no evidence of
correlation was obtained. Values of r were found to mallate
between 0-04 and 0-08 for 22 degress of freedom. The material
(adrenah from 8 men and 16 women) came from patients with
Custung’s syndrome and women with breast carcinoma who were
uniiaterally adrenalectomrzed

The relavombtup between the chromocentre and sex has led
some mvestgators to study the nuclear sex of tumotrs which are
markedly influenced by asrogens Sohval and Gaines (1935)

ed the absence of sex chromatin in § adenomatz and §
adeno-carcinomata of the breast (2 and 1 vely from men)
but these resula ought to be revised nnce thdr material seemed
to be unsuitable for sex chromatn studies Hienx and Ehlers
S:‘?lfy) exaquned 30 caranomate of the breast from women a3

as g from men, and attempted to correlate the nuclear sex
with the responnveness of these tumours to astrogens and their
metastasinng capacty

Exnnuning between 200 and 500 nucld 1n each case, and using
the frequency ranges of 14-30 and 0-2 5 as defining the sexes,
Hienz and Ehlers (1g57) admitted that sex inversion had occurred
in about one third of these tumoun, and in both sexes,

In another type of cancer sennuve to bormronal mnfluence, the
prostatic carcnomata, Coutts and Inrunza (1935) reported the
existence of both chromatn pontive and chromatin-negative cells,
and used the difference to foretell the response to endocrine
therapy Later Coutts & &/ (1956) advanced the hypothess of
the hgullmnn onga of the chromann E-:mw prostatic lesons

However the method used by the lean mmbuf::m does
not lml‘ﬂl }ﬂ 0] 10n an exact exammaton controst
obsm-a.v.lo:, alg-?m:g};:ma truer method than those g fixation of
tisues may give a rather imprease 1dea of the chromaun pattern
and a poor defimition of the sex chromatin  The mean values

ed by Coutts o & for both sexes are very ncar to cach
odher the maximal frequency reported Is 39 per cent, and B per
cent bs considered as a ‘fermnoid value.

Phase contrast may be used, I think, mn the examunaton of ceily
trom the oral and vaginal mucos, but care is needed in ducarding
unsuitable cells, and observatron by 2 standard method i always
tober ed Preliminary resulty suggest that this technique
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may be of value as a routine procedure, with the condition that
only we_ll-c{:rn:nd nucla be used  Cells from prostauc carainomata
fulfil thus condinon.

On the other hand, 50 caranomata of the prostate were
sclected from the many in our files {nuclear structure was scldom
adequately preserved)  In none of them could the sex chromatn
be detected confirming the report of Hienz and Ehlens (19571
concermng the chromatin negativity of these tumours

Of an altogether drfferent ce and worthy of som
attention are the results obtaned in testicular tumours  Ruvaére
?956) for imstance, found some chromatin-positive semunomata

2 out of 6) and ted that these may be conmdered as the
end pownt of a matout evoluton of a teratoma. F r
Munani (1956) pure scrunomata are always negatve but

o-scunomata may be poitive  Since the peendo-serminoma
B formed by elements nmilar 10 scounal cells and areas of embry
onic carainoma (Mancini, 1956) the pomtiveness » attnibuted to
scminod differentiation 1n a teratoma. Thi confirms the noso-
logical independence of thes type of tumour which Schayder
(1952) had already defined by the high gonadotrophin produc

n, abschute r to wrrad n, high malg; y and an
age mnadence nmilar to that of teratomata. We have a3 yet no
means of 1dentifying a pure seminoma evolved from a teratoma,
other than by sex reversal and one might ask how many of the
chromatin-negative serunomata have such an origin

1 wss able to study 12 pure scmmomata and found every one
of them to be chromatin-negative and in one imstance, with

ce of and both tumouars were
chromatin negattve. It must be said that thn dierepancy
between my fin and Rivtres b not a real ene
Stathtics fail when the critena and the clasification vary and are
defective and we must remember the doubts expremed by
Friedman (lg_l,:g‘cn.ud Willss (1948) on thn subject.

Based upon obscrvation by Moore of tramitons
between germinomatous and embryonal-carcinomatous ckementy
m tumours of the testu, and l;? own Dhtm‘\_ﬂm on the P?ﬂbfc

ysem! tion of mctastiscs from a pure (or so
;ﬁd?dm;::‘u}'ntdmu states his belief in the relavon-
ship between the seminoma and the teratoid neoplasms thus

eratogeTeE — trtatoma
V. (sounatc)
Germinoma 5 erabryooal™ enrcinams
rmely et e %
biphasic poscacy W*“:.‘:"P‘m
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It s interesung to point out that g out of 5 chononepithelomata
and 2 of 4 embryonal-carapomatn of the tevtis which were
mcluded 1n tus investigation presented typical sex chromatn
bodiey, 1 ¢ all the chromatn-positive tumours of the testis from
our files are found to the nght of Fnedman s scheme  Thus calls
for a fundamental alteratton during the tranution from dysgermi
noma t) embryonal caranoma, if one accepts such a relanon
between these neoplasms

A1 regards teratomatn, Hunter and Lenrox (1984) reported a
pomible sex difference between the tumonr nndgt.hc pattent
men and suggested a conjugaton of gametes, or at least of haploid
cells as a mechansm of teratogenem. Later wing the results
reported by them Cruckshank (1955) and myaelf statstical ev

dence was obtained of a mechanism Involving one single haplord
cell (Tavares, 1959) This evidence 1 stronger if we include
Moore and Barr's and Riviere s 58 teratomata of the testis, 32 of
which were chromaun-positive, undlg teratord rumours form our
files not previously reported (Table I' Hypothesa I11)

Tame [
TLRATOMA IN MIN

ew] | Hypothem 1 | Hypotbesm 11 | m
"bﬂ Ote | {ano 3| (raso ) moo )
Lxp. td Lyp. 7z | Lap
+1491n53150 9l PYE L)
4 6673 0 |9y 45 419

Total % | 8 4 Bo | Bg 38y | By 9
[P aan,mn,tu‘?- oot P 3¢

Oln  Obwned foqumy  Iap  Expected frequency

Unfortunately terntomata 1 men arc scarce and although
they are mare {requent in women these tumours are not of any
e for the present ment unee they are all chromatin posive
Anather pornt wi:!ciudwuld always be kept i mind when
worlang with both teratord and non terarord lunﬁ:nci;ugmn the
haploid-cell hypothesls sull agumer that matin-

i o at .'m:nm\dzz;]nu»z;.hv':a.mbkm &
tetely different bine of approach to p 1 the
m;mmlyllud) of terntomata of the m-;u-g‘b, the polatton
mlh:dcmcmmtsonofABObloodgmupru tances, Thus 1s

&fficalt and has many passble drawbacks, nmong which two are
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reafly im t the posmble contamunation of the teratoma by
mmmmme bost s blood and the posubahity of crils

Tygous host we will be deahing with two genencally different ceth
and conjugstion will lead t0 a teratoma wath the ame antgens
o the host. If parthenogenens occors & teratoma with only onc
of the host s antigens will be produced
1 would bave liked to have presented data from thn tme of
Li ch, but no fresh teratomata have become avmlable nne
uer were for such a study and fixed materal
cannot be used wrology wmmce blood group substances are
destroyed by formalin. The method 1 open to anyone who wither
© try 1t and I would advise that a teratoma from a group AB

woman be emp for clear-cut renults as the detection of A
and B substances iy much timpler than that of O (or H)
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OBSERVATION ON SEX CHROMATIN IN
HUMAN TUMOURS

N B ATRIN AM.B, BCh, DMRT
Department of Cancer Reyearch, Mount \ ernan Haspaeal,
Northwood, Middlesex

Wr are engaged at Mount Vernon Hospital mn a study of the
chromosome complement of human tumours, our objects being to
find out what varmauons occur and to see if these vanationy can
n any wnlicbc correlated with the pathologreal and clmreal
featares of the tumours, for inatance their respome to radiotherapy

Our data have comsted mainly in chromosome counts and
measurernentt of the deoxyribonucleic acid (DNA) content of
individual nucler.* If from a study of the nuclear chromaun
pattern we can deduce the rprucncc or absence of the \\
chromosome pair we have a further potentially useful means by
which we can charactermze the tumour eells.

Unfortunately In many undifferentated tumours the presence
of mulaple chromocentres of v g sizes renders the idenofica
thon of the typical “sex chromatin® stru~ture difficult or impossible
mn many of the cells. In the present wmvestigation therefore
detarled study has been confined to tumours in which the presence
or absence of the sex chromatin could be clearly ascertained 1n
at Ieast half the nucler

The observations have been made on squash preparatrom such
as are famuliar to cytolognoits, ataned 1n aceto-orean and i some
cases by the Feu method also  These preparauons are
excellent for sthowng the detarled chromatin pattern and wre ol
have the advantage that only whole nucler are observed

The typreal “sex chromatin” is scen a3 o peripherally-situated
wsually somewhat clongated chromatin structure a Dttle over
anc microa in its long axis, and with a eentral pale area In some
sumours 1t appears more promunent than 1n others but it o

difficult to be wre whether this r ts a real difference in

terms of man o of amount of DNA. It can be followed into

S brea made photocactrically im collaborsrian with
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SEX CHROMATIN IN HUMAN TUMOURS =
early pro but later in prophase when the chromosomes first
become distnguishable as indrvidual threads all the chrompsome
appear sopycnotie. (Figr 1 z and 3)

Table I gives the findings m five different tumnours in females.
Although thh invesugabon 5 enncerned with malignaat wmours,

Tanee )

SEX CHROMATLM IN A SAMPLE OF CELLS FROM FIVLD
INDIVIDUAL TUMOLRS [N FEMALES

Nurnber of Sex Crosuon Bodes

[

| | Matugho | Aumber

] Chroxton iof Aucles

? oretrey

I 0
o (ot 39 7 18
8| 4 ’ 74 f 45 | w0
o | 6 § 33

- chroamocentre et with prossoent
PRl ol vt e
a papilloma of the bladder has been incladed for purposes of
comparison  Sex chromannt was present o g7 per cent of the
nuclet (Case 1

'I'hcgcmnd)cuc,lncﬂ-dlmrendntd carcinona of the uterine
body was unusual i baving a modal chromosome number of
only g8 with a corr gly bow modal DNA value (It
should be ioned that DVA estd on a wide varlety
of human tumours suggests that the great majority have a near
diploid hyperdiploid, or near tetrap) chromosome number )
Although thes tumour had fost a fair proportion of its chromosome
complement, 1t would appear 1o ha ¢ retined the \\ parr (or
at leaut thar heterochromatic portions) since a single sex chro-
matin was seen In g2 per cent of interphase nuckd, A few
of the contilned two sex chromatin bodies  the was a
falrhcommmﬁndinghmmauninwhbchndngkhody‘um
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in the majanty of nucker and 1t yeems Ukely that these are tumour
cells which dffer from the basie (most commanly-occurning) cell-
type m having doplicated some or all of thar chromosomes,
including the \X pair They sometrmes appear to be jocated at
but abso occur at times m e of 10~20 or moer
celly, suggesting that a cell with double sex chromann may be
capable of st least a Umuted amount of cell drvision
2 & few tumours (wo penpherally utusted tex chromaun

Fo 8

Tiom, 7 and . Poorty-diferemtiated apuamovm eell oo of the cmix
Jociacrecieolar hetcrochrocatin fructore (530 )

bodies were e in the mugonity of nucles Thes b sltusrared by

cae No a moderately erentiated carcinoma of the
rectum. tumou had a modal chromosome number of 6o,
and a it would

m&u ly rawed und.-ldDNA -nh:)er roul

aj to have undergone duplicanon of part i
cm pl tading the %‘\-palr Fy 4and 5
show two prophases from this tumour In each of which mo con-
densed chr i bly derived from the two

that the plece of tumour cxamined m unrepresentatre of the
(umaur as & whole [t should be noted, however that in this cme
it way pomble to obtain specimens on four scparatr oocasiom over
u perrod of several mon tno obtained by biopsy and two at
operaton. In each case a smilar pattern of sex chromatin way
sen Of the other tumours chamcterized by two sex chromatin
bodies, three had DN\ values coomstent with o tetraplod
chromosome number
T'bzl:uztwcnsamreprnennmtof-runherxmaﬂlﬁwlp
In which po sex chromann was seen in the majonty of ce 1
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z pot clear however whether thus indicates absence of the XA
pair A typical sex chromatin was certainly seen m a few cells 1n
thesc cases. Someumes (cg case No 5) an apparently double
chromatia structure Iying 1o contact with a nuclcotus was seen
(Figt 7 and 8) In umqunxhc%knu%la bhowever a tubnlar
atructure was quite frequently visd focusin, and down
thrs could be fmm nyl;uclcolm toythc pcng.b::-Py In some
nstances &t least 1t appeared to commumcate with the exterfor
and mght therefore be formed by the nuclear membrane dipping
mwards to a nucleolus. It was apociated with heterochromatin
which of course might or might not be denved from the

In Table II are summarzed, lceofdmgtont:,a.llr.hcma
seen. Typical sex chromatin was t in some celh of all the
female cases, but for those mcludcvj in the first column the puctare
in the majonty of cells was obscured, as already mentioned, by the
frequent prezence of wrregular chromatn condensations.

Tasex I

BEX CHROMATIN IN M RITY OF CELLS OF 24 HUMAN
HAIJG!\AX\#}?'UHDU'RS (FEMALE)

o BETIRIN

4g "

wrl
uten

Il

NS > ]

|
T

FEEY

Odher slien

Elulall

— 1 4
s |~ | 2| 3
2

soivlﬂl

l

TUMOURS I\ TIE MALE

Carcioormata arbing at variom ‘ _
pvn -

In all the male tumours examuned the absence of sex chromana
cvu?d be clearly determuined in the great ma{cmly of cells These
cases inclode some tumours which from D\A atimations were

tetraplord.
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To summanze although romouns may occur w the femal
wriuch have Jost one or both N chromoswomes it 1t nat commdered
that we have any good evidence aiher for or agamnst this m oar
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teral However the presence of two sex chromatin bodias In
m: :;}oﬂtv of celbs of some female tumours strongly suggests the
duplication of the \\ palr In the stem-line of these tumours.

DISCUSSION on papers a1 and 23
Basx who hat worked with malignant treues
can well :;phﬁkmf’?}.“: difficuliies involved (which Dr Atkin
cenanly must have had) in beng certun that & partseular
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contamned that kind of element 1t was 30 mahignant that 1 could
not sex 1t but I think Dr Myers has had more expenience than I

have.

Myrrs I would not have sexed those poruons.

Lrewwox  There 3 one mmportant pomnt that Dr Tavares
raised. I think he sud there 13 2 speaal ble group of
undifferentiated tumours including some of the -cell tumouns
of the skin 1n which there v an mtermediate level of ch:
count. Now it 15 not just that there are some tumours which
can t count ly—there is a defined group with this pccuﬂn.r
comtitutroan }.71 that 3 truc 1t 13 a rather remarkable obscrvation
and I don t think it ought to go without notice I would hike to
know what Dr Atkn thinks about 1t. 1 am sure s meihod is
much more satsfactory than the use of sections but on the other
hand, the material Dr Atkin oved perhaps did not include any of
these speaal tumour types.

Atz 1 have only looked at five or six basal-cell caranomata
and they have always been in keeping with the sex of the subject.
1 would like to add that vanatrons 1n the sex chromatin have not
been correlated 12 any way with the drze of the tumour or
hntology aj from the fact that undifferentiated tumours tended
to have multiple chromocentres 1n females.

Bakr Do you thunk the nndifferentiated tumours have a lower
Inadence of nuclel with recognizable sex chromatun?

Arxwy I dont think my observanons woukd support that




GENERAL DISCGUSSION ON SYMPOSIUM

Soam A small contribution, winch iz a pracncal we of the
technique of muclear scang Inthetﬁdr ta there aro certan
arcas which are ili-defined as regards source and ongin, and
one in particular 1 the placental septum—a thin membrane which
divida the cotyledons one another  There bas been an
argument a3 to what it origin was, maternal or fortal. OF course
the obvious proceeding 1 to take male fietuses, and examune the
taue  then if 1t 13 make It is fetal, and of female maternal m
otigin. Most of the hntologists working both on electron micro-
scopic and histochemcal studies have come more or len to the
concluson that it b feetal e composed of trophoblastie cells.
Now we found quite cleardy that it was maternal and although
we sometumes got low counts we felt that 1t was a technleal fault
more than an g che. In material from Crtanan section where
the placenta was very fresh cfmmdhxghmunuofﬁ_-,pcrcem
or 50 1 was interested to hear that Mr Klnger and hb team
hxvr:do‘neth:nmcwwkm.dhavcfmmdthcnnrruulu. It
seeros that, despite histol this que has proved
finally the of this tisuc,

Kirearn otoulyhdn:sepumoflhcphtmumtcm],bm
also the lands. What wed to be called the chordonle hlands
ansc from maternal celh.

Baxr No onc dunng the docusion has brought up the aleer
natve hy‘ﬁlhuh advanced recently by Segal and Nehon con-

relanonship of sex chromaon and sex
chmmmoma. (lwmjm!wondmngwbcﬂ::rbr Ford or Dr
Sadnﬂhmmg bout 1t.) Ihcymmggulh ted tha uth'te’ Wc‘?\l;‘o o
an; to say al tat. t ®x matin
umnutmomaylhctrmdrmmnutdﬂ“'nd\tnl}nrlh:mnhttdm
ihe sex chromosomes, containing M genes that are inactive in the
fcmalcbcamethcymhcﬁtc;nchrmmucnndnmvtmlhcmnle

Sacms [ remember discutaing tho with Profemor Witsch: and

I think we parted and agreed to duffer [ personally wonld have

thought that the most conclusive evidence that the sex chromatn

really cor s to the sex ch was that shown beauti-

fully by Dr Polanlmdmmpanyw}tnlhqllmtd,mdmuhc
n
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alightest shadow of doubt, that material sexed as male genencally
hay male sex-linked characterntes and that 1n pont of fact the
best suppoution to make under such circumstances is that one
really 15 dealing with sex chromosome materaal. I really don tsee
what better evidence one can have.

Barr  That s certunly very important, and so are r own
observations on 2 larger and smaller chromocentre in the young
spinous celbs.

Forp I have nothing to add to what Dr Sachs has saud but
I do think there 1 an opportunuty 1n the ncar future through
techmea!l advanees, ofbdng ahle to get a much better correlation
of the true chromosome picture and the presence or absence of
the sex chromatin,

Sachs Iamwrxktcntoxhcrwwhethcrlhmhmch-thmg
a1 an AXY or an XO which will help to straghten the whole
thing out There u» another which one should be able to
show 1n a fow days. In cases of the true Alinefelter s syndrome
there are & few cascs with spermatocytes and spermatogencau, and
here you really can sce the sex chromosomes One can look at
some of these compare them to a normal male and see then
whether they look like an % with 2 httle Yoran WX  Ifone wants

beiter evidence than Dr Polami gave this will certanly be
abetocknruplhngolntv:ryne:d%'

Bare Usmng a tmue culture of fibroblasts, a3 Shaw and
Barnard did you could look for a Y chromosome.

Pratr  Docs Dr Polani's demonstration of sex linked charac
ters 1n chromatin negatve people dutingush between XY and
XO? I dont scc that 1t does at all

Saars  But 1t docs distinguish between something that has one
X and somcthing that has two Xs.

Is there any evidence that an XO conutitution exmts
0 man?

Haserrox No evidence at the moment.

Poraxt There is no evidence of any Y hnked gene 1n man and
therefore 1t will be difficult to prove by non-cytological genetic

analyss.
S/zcm Somec Turoer s may be X\O—1 still think there may be
cthing in that.
% - blem of chromatn postive

Concerning the
k.l?;f?l;lthmkithgdurmdmaschawbcmxlmrd

1 'I‘bcasawlthgrwgrntmmmhcomcupto
ﬂmﬁlcﬁMC and the eases wath infertility come up to an

infertility clime. As far as we know stenlity & to be avod
ated W Lh.ucondmonbullpawuwgmcﬂimmdacribcd
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1n our own serics, and though I have pot scen the actnal seminal

ens there were some spermy present. These cases may in
ct very rarely be ferdle. If they were, they would produce only
danghters. I have an expeniment to t which could only be
donc oo & national scale and that n that we look among large
families for onc wrth 10 to 15 all guels, and Jook at the father and
do a buceal smear

Swyzr  Another posible line which might be followed B to
examune the sex of the affipnng of men who have begot children
but who are known to have very low sperm counts, and sce if
there u an excem of females among them.

Poramt  Two pamnts. The fint following on what Dr Stewart
has :ud I contacted the trar-General's Office to see 1f we
could track down these y large families of one sex. The
difficulty would be that the parents would no Jonger be available
and the children too scattered about the world. The second pomt
1 whether it n poanble &t thn meeting to see H we could obtan
more 1nformation on the colour blindnes in Klinefelter s sym

drome. I would much aj te 1t 1f anyone wath cuses could
test them with Ishuhara and tell us the sex chromatn
status.

Pratr Inreply to Dr Stewart s question These famlies with
all girls would be s0 very rare that I suppose would not
affect the sathtcs. The actual sttstica are a to Arm
stead who examined a large number of families of nngle sex, that
there o an cxcem of farmlies which have all males. famulics
which have all females, even five, ux, seven, and eight and more
daughters could all be expluned by chance—they fitted the
distnbution curve of a chance distributon  Bat there is an cxcen
of familiaa with all males. It does not help Dr Stewart mn the
least, but it it an extremely Interesting observation I am sure
Dr Armmtead would be interested to know 1f anyone has an

anation of the familles which are all males.

TEWART A ponible explanation for that 1 that there is an
excess of males at birth—one theory is that the sperm contalning
1 moves faster than the one containing X

Sexx  We have been working oo the sex ratlo for
some time It is a slow plod because satistically the number
requires to be four or five thousand, and if the primary sex ratio
comes nearer one to one than the sex rto at birth of 105 to 100
the number of cases you need goes up. So far at the egic
Institute a large series of abortiora have been examuned on hito-
logical tisue from the gonads, That rules out almost all the spon
taneous abortons which are in the fint or tecond month before

| p—
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the gonads are suffiaently dufferentiated  Abortion matersal can
canly be obtaned and sexed from the meench: tinue.
If & sufficiently large scnies 13 avaslable then a staustcally sgnif
cant number s regards the primary sex ratio, will be obtamed
and this wall give some light also on the difference between the
scx rauo at birth and the pnmary sex rato.



CONCLUDING REMARKS
MURRAY L. BARR

Baroxx commenting on the excellent papers that were presented
yosterday and to-day some ﬂxmghngmld perhaps be given 10
the advisbility of eomvening & similar Sympostum at 2 fature
ume if warranted by further progrem in thy fiedd. With thn
purpose sn view I suggest that the Commttee which organued
the present § be mked to contnue ay a Standmg
Comumittee mfuﬂ agreement on this pont) It ha
been suggeated w me that a small group might be amigned the
sask of considening a revison of the nomenclatuse for sex anomalies
and als0 o nudy the matter of their camfication,  {Professor
Huggett thought that thu should be left in the hands of the

d [ i his sugg met with  unanmons

ent)
%Tml?cnf discusdon wall be of an wnformal natare 1t will
conmst y of comments on & few of the pomnis that were
rapsed during the course of the Symponum.*

The vanations in the position of the sex chromatin within the
nacleus ma: b:wonhcaﬂingwymnanmuun:gwm_ in nen
rones the gmurcd posiucn of this chromocentre xx mgamst the
nuckeolus m those a2 of the ordent Carnvora and Artodactyla
that have been studied {Barr # &, 1950 Moore and Barr 1953}
whie tt v rmore fikely to He the nuclear membeane in
neurones of monkey and man {Prince of o 1955 Mylle and
Craham, 1934) the only primates whose neuronss have been
mnuncdf?om(hupamol‘vi:w Farther the poution of the
tcx chromatin changes to some extent as celly matore (Graham,
19548 The sex chromatin i unlly at the nuclesr membrune
in of non-nervom tisues, It may be ficant that the
pagern in sectns to be ¢ wi & m 1
order  Virtually notung is known of the forces that sct oo
nuciear structures or influence thelr potivon. \ xrtons in the
functonal states of cells may contribute, in & minor degree to the
difference in the sex chromaun s petiten from one neuront to
another 1n the same speaimen, since it positon s cleacty sltered

Tioe dowcumsion was dostraser by feaiern iBdes, Mout of the Domsacons bave
eabliied, v Ul be pebinberd, Jernhere 0 they xre cvtoed o tos Bcrome,
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dunng chromatolyws (Barr and Bertram, 195t Crouch and
Barr 1%24 Lindsay and Barr l?m However thu factor
cannot o

mnvoled to explun all vanations that are en~
countered and thus phenomenon arouses the dewre to learn more
of intranuclear forees by whatever mental methods may be

applicable to this difficult type of em.

e accessory body of Cajal 18 a component of the nucleus of
nerve cell that needs thorongh imestigation. It will be dscursed
tmefly although it bs apparently pot related 1 any way to the sex
chromaun. My purpose in directung attention to the accesony
body at all 5 denved from our lack of knowledge of 1ty relaton
to other nuclear structures or 1ts role 1 the cell's economy  The
accessory body 1 a sphencal amucture that bas a mean diameter
varying between o5 4 and 1-oa depending on the of
neurone, and 1c has identical characteriser 1n males and femala
S{Z\onmndd 1957)  The accemory body ussally lies free in

teopl: {tss ad) to the Jeolus m a few neurones
but is adherent to the nuclear membrane with great ranty  Un-
Like the sex chromatin the aceemory is refractory to stamng
with bauc dyes or by the Feulgen me Abo 1n cantrast to the
scx chromatin, the accessory body becomes rather smaller in
chromatollz[-uc neurones and remains relatvely stationary m the
nuclevs (Ha 1957) There 1 rarely any mention of the
accesory 3y of Cajal 1in papens that deal with nuclear cytol
That 1t has been largely overlooked by cytologusts stemy, no donbt,
from the necemty of unng nlver mtrate stnimng methods for 1t
di agon and these hods are seldom wied in the study
of chromosomes or other compovents of the mucleus. The
acceasory boady b likely to have some ngnficance 1n cell meta
bolmm our ignorance on ths point induces me to bring a nuclear
component that has no apparent relation to 12X to your attention
at thrs time.

\fore accurate :nformation n reqwred on the percentage of
nudei that contan sex chromatin.  Our group ma) have bern
remiss 10 publuhing figures (or the madence of nuckd with sex
chromaun in different tissues and regions of the nervows fstem
1 various 3, because there 15 an understandable tmdmc%::
read nto mb:d data a greater accuracy than they have
figares nmply record what onc secs and they depart o varying
degrees, depending on arcumstances, from 1eal condition in

:ﬁs, Dufficulties In the way of obtaining zecurate

tron of
:5‘;}’“; bath technwcal and observational  Whole nuckes are

teldom aded in sectons that are 3 p in thickness and in spite
nfmdl\";:lbmme matersal from which the figures are derived b
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not of that t techmeal quality which 1 s0 denrable for
cytological work. Whether a particular maw of chromatin shoald
be recorded as sex chromatin requires a difficnlt decsion m & few
cells. In vanous tistues of man, we found that the percentage of
nuclel with tex chromatm vaned between 58 and 88 per cent in
the female, and between 0 and 21 per cent 1n the male (Moore
and Barr 1957) These figures were intended only to convey a
general n of what one 15 hkely to find 1 sections. 'In
terms of w nucley, the figures for nucled m naees of females
are undoubtedly too low In the male mases of chromatin that
arc recorded as sex chromatin, 1 order to be as objective m
Fc-iblc are almost invanably smaller than the sex chromatn of
ermale cells and many of them are probably unrelated to mclear
sexual dimorplmm  More accurate data, 1n terms of whole
E‘.;lu,unbeobtnncdbynud nucled 10 whole mounts of

hae, Cook

¢t e (1951) showed that the sex chromann be identified in
per cent of celh of the Iateral gerzenlate body of the female cat,
ter stalmng with thomn. The stody of whole nucka does not
always ce such hugh figures, as thoee who use the oral smear
mthodprxl“ know matter has been dmcusmed at some
length becase we should be cautions 1n dr-wlng::fcrmcn con-
cerng pomible varations in chromosome numl of a tisue
cells from the rough dam that are pow available for the incidence
of kex chromatin in a population of nuckes, However when more
accurate data are a ble, the studics on sex chromatm will have
2 beanng on the quesbon of a postible vanation 1n the dipkad

me number of certain troues.

Dr Marberger mentioned to me that she had encoantered
dilficolty 1n idennfy the sex ch in nerve celh of cattle
I would ke to comment on this beicfly because we had some
expenience with bovine materlal in connection wath the study of
nuclear structure 1n the freemartin (Moore o o 1957)
tainly nucler of non-nervous timues of cattle are not sntable for
tha of work becamse of the coarse nature of the chromatin,
nndtanpplk:mt}nnm]hnmmmuv\t]L However the
large neurones much ay motot and semory nevroncs and

The nucher of freemartins are cxactly Like those of normal females,
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which bears out the contention of Tandler and heller and of
Lillie that the bovine freemartin u & partally
fi

A amall detsy| but probably an 1mportant one deserves s
mention  The sex rﬁromaun can often be resolved m:m
components of equal nze 1n preparations ofhif;h technical quality
We have seen in smear preparations and in sections of vanouw
upues 1in different cs after stmmng with hemataxyhn and
cosn, banc dyes and by the Feulgen method. Thr dstail 15 seen
to better advantage in preparations that have been stained by the
nbonuclease-gallocyanin method as advised by Lennox (1g56)
or by duumnfoﬂomngmihimdhydmlymmmgga&gby
Klinger and Ludwig (1957) Exccllent photomicrographs show
ng double structure of the sex chrogd.nuwﬂl be found in a
paper by Klinger (1957) and 1t b yyerated diagram-
maneally 1n a paper Lygach: and Dxmnb(:[?gﬂ The importance
of thus cytological detail hes in the posabulity that it may ply
a clae to the chromosomal argin of the sex chromann It 1
unfikely that the dpartitc sex chromatin represents mawes of
heterochromatin of a single chromosome because every chromo-
some 1n the female has a homologous partner the two
members of & chromosomal paur have, it 13 to be expected, the
same heterochromatc properties. Thus feads to the concluson,
which mut be tentatrve until more Information s avaslable that
the sex chromaun reprosent heterochromatic segments of two
I ! chr The d aton of N and Y
chromocentres, by Sachs and Danon (195&111 young spunous
cells of human epidermn lends credence o the view that hetero-
chromatic regions of the \ chromasomes are responnble for the
sex chromatn in cells of females. However the observation that
tbcnachmmunmmhuofmnpamiutqmlymgc;:?:ﬂr;
intngmung hypothesis that has been advanced by an
Nebon (1957) and by VWatschs (1957) Thete authors, 1t will be
recalled suggested that the sex cf

tin may be denved from

regiont of @ par of sutesomes that contain male determuwen,
thucngrombmggmmﬂyinmwbmthcy-mbemo-
chromatic (females) 2nd genencally active when they are euchro-
matre (maks) On general grounds, a relation between the sex
chromatin and the sex chromosomes sccrns more plawsible  but
the alternstive suggestion clearly demonstrates the necetnty of
retaimng an open micd on ths problem until 1t 13 roolved to
o s satisfaction. Regardlen of which chromosomes are
mﬂ?gwchnwmmydbomng 30 far as 1 am aware,

whether the heterochromatin occuples 8 rather large segment of
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the chromosome or whether several smaller heterochromatic
mgiomc}ump ther to form cach component of the by te
uﬁ‘:thcrcnnw:gucnv.herncnlllh-jyp[.cepmulnctriu\g
thclcng!huﬁhtchrommoﬂ\efofﬂx’cplrd hctcmr_hmmluc
tegments, Arc there any data on chromosomal
bear on these fundamental pownts? Ford replied that lncl
not scen any clear differentation of the sormate d:mmunnmunf
mammah apart from some strikingly understained close
mﬂl?tcdcmum of some chromotomes. He added that differ
enl oDy were caty ate in many chr
Dl'phnu.r)ug{mdmmno“hcnchmmnunu,mmy\w
amo(dwmmnﬂmblmumthmﬂ:eﬁddmzdhvthn
Until thrs problem 15 solved, 1t woald be wise to e
on the cautioms side when drawing inferences, cither cal or
ﬂmcuanfmmLh:runmofmofchmmmomdumm
anomahes. It Is encouraging to find that experienced cytologuts
and cticty are pow bnogng ther attention to bear on
these problems.
The foregoing dscusmon rases the question of somatic
of chromosomes Accorqumcunmtlhinﬂngonlhcdmvluon
of the sex ch 1n, bers of at least one
pmofchmmmomumdo-dynhtcdrpuml}yinm:
nuclem, S has been

pairing of

mphnu,m.wcu,v.h:newt,mdthc r:f,butmc.hnchmumamﬂ

has no 1 nuclel, w0
fuulunawnrc. Thumln:rha{'comdmhklmpomna
worthy of semons investigation I(clm:upfofdhcnmonntl
recent Canadian Cancer Conference (Barr and Moore, 19
becanse somatc of bo chromotomes and
CTosang-over co lead theoretically to a cell lin whose
geootype differs from that of ther ancestral celh. (. Ford
mentoned lhat!hnidahldm?mtdiuelfmmu-dpcopk.
He stated that two have daigned expenments in which
somatic pairing might be demonstrated, uwang wsates tumours,
and that their results should be appeanng quite soon )

to an carlier comment on sta) my I would
like to sy that we now use the method of Ludwig
(1957) ruunntly for oral smesrs and find that 1t 1 definitely
saperior to the procedure we followed formerly method
has two advantages mild aad hydrolysis poor to staiming with
thionin improves the definition of nuckear detail and, probably of
nm:impom\ucr.,dlmhum\}nmmﬂngnﬂnlmn( bacu.-nal
flora in smear prepara Certain practeal points may be
mmwmdinmnnccdcnwhh(hch-m-prcuﬂmofmulxmnn
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Preparations from chromosomal females are encountered occa
sionally in which the sex chromann 15 smaller than usual or very
much flattened agmnst the nuckear membrane. This thin duk
Iike shape has abo been seen in the nucler of sympathetic ganghon
cells of gurls and women In addition the proportion of nucla
with demomtrable sex chromatn in chromosomal females may
be apprecably lower than that found in sections of vanous

ponts, in addition to the necemty of preparations
of high techmical quality have to be kept in mnd when wing
the oral smear method  If the result is at all eqmvocal one or
both of the other methods, i ¢ examunaton of a blood film or a
skn bropsy thould be used. I am sl of the omnion
that & carefally prepared sk biopsy speamnen gives a parucularly
convineing picture of chromosomal sex. However the other
methods be used more ently and quite mghtly %o
because the cells can be obtained more easily The neutroplul
method of Davidson and Smth (1g954) has very interesting
research possibulines, 1n addition o its ‘é:}uc 1 clinieal diagnosm,
becamse we need to know the exmet nature of the accesory
nuclear lobule of fermale type neutrophuls why the madence of
these cells vanes as 1t does 1n pormal females and why there m a
discrepancy between nuclear structure in oral epithelum and
eprdernus on the one hand, and neuatropluls on the other 1n
certan endocrinopathies (Briggs and Kupperman, 1956) and sex
reversals (Ashley and Jone 1958)

There 15 wnsuffident time to do more than touch very brefly
an a few potots that were raed 1n the important clinical papers
that we heard yesterday of in this mo s equally important
papers on tumour cells, The syndrome of gonadal agenesss (or
dy exus) has no doubt a 1 cnnce for the participants
m’m Sympoxium, uince the ton of the prediction of
Professor g::" (1950) that & proportion of there pauents would
prove to be chromosomal males has had & strong influence on
subscquent studics of the sex anomabes. On the bans of our
interpretation of specimens submtted clnicians 10 vanous
centres, and such chinical data as we have for the panents, we find
thst about 8o per cent of subjects with the syndrome of gonadal
2 have male-type nucla  Tha proportion seems to be in
reasonably good agreement with the findings of others. The pre-
ponderance of patients this rgﬂd:omc who are apparently
chr ) males is a puszling o -anon  ponibly the reason
for the dsproportion will ot be known until the xtiology of

gonadal eyts 1 underseood.
With ré.‘;ct to Klinefelter 3 sypdrome the suitabiliy of the
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nucle] of Leydig cells for  nuclear sexing has a <al interest,
unce there must be arge collectons of section tastit bropsy
speamers i the major medical centrer. The cases could be
nudicdinmntpcct.pmﬂdmgthxtthcﬁndnno(the

war switable for detecting the prescnce or absence of sex chro-
matin. In our experience, the nucler of cd}:lrcuctqmtc
ax satisfictory as those of many other turs for tho work, partly
bcmuscafthqrtbxckuuudnrmcmbﬁna.bunhatnmdoubt
that the wformation denred can be obtaired from Ley

m material that has been mntably The Sertoh ce h are
much more dufficult w work wath, 2l scx chromatm can be
1dendfisd oceasonally m thurnuddmyam—nu‘mhthtklmc-
felter syndrome and female type nucie chewhere  The finding
of nuclas with & femake pattern within semumferom mbules 13 of
interest 1w « ton with the of manure sper

in & few sections of tubules of these paenty Ftrg\mo—Smthmd
Munro 1958} Now that we know that the pa of
Kloefelters {thote with fcrn.llc-typc nudu at any rate}

g-obzbl'y at an early n::ic bryoric devebopment, 1t
lows that thr pnbc}cgu mcwmuu of the are
fikely 10 be present Jong before puberty A 15 year-old boy fs the
youngest patent with !\lmc!rjnén syndrome and female type
nudoforw}nmlh:whudthcappormnityuﬁmdﬂngt!ﬂw

biopsy specmen.  In thu vutance, tubular selerony was exvreme!
ld\r}:gctd (Barr 1957) Tests of chromasomal sex on boys w
small teates will direct attennon o ptents 1 the you ngrr:g:
xroup (Hmﬁe and Bradbury %m) and information on
tho! the gonads throughout bie should be avalable
even The work of Professor Jost and other ot

embryolognn des 2 sobid bam for conmdera of the
pathogencus of sex anomalics, bat more work beanmg on ther
xtiology 1 wrgently needed. Dr Sachs and hn collsborators
(DtmmlndS:dn,iy)hlvcmﬁncnccdmmthcdlmdmd
considering  groen &nm\wmm}y and the repost of
Stewart -.nd bonu:-n at this Sympouum, oa f:mdy
stsdies and Rberms me oy
drome diutrates some wsefal approaches !alhcap‘pb\:!munf
c to 3ex snomalres,

Mhplnmﬁmnﬂt:c difficult quertions that ha ¢ anwen from the
lmdyufnudnlnmmmzm,thcobm-vaﬁmuonzbenudmo{
trmucs g with the chr
abnormalities xhatharbccndcz}om“tzzuztdig nt;cll:;
In ous experience the frequency of o with tex n
lmvmmmplmonwifrhrqmmlnw in about one-third of
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and 1w my

957) The

th thesr interpretation,

difficulties, partly tech-
vares, and Dr Atkin have done in this

use of their abnormal structure
roceed cautiowsly wi

g

t cells present certan
beca
view 1t s advisabie to
as Dr Myens Dr

malignant tumours in female hosts (Moore and Barr 5
morning’s sestion

nucler of mah
mmlmdpang;un
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