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. •TE s TI cl LA R feminiza tion" is a term 
,ug~ested some years ago for a hereditary 
s, ndrome characterized by individuals with 
testes "ho present a female phenotype."' 
~o entirely satisfactory explanation has as 
,et been offered for the completely female 
urogenital sinus deri\'ati\'es, the lack of de
,elopment of both Miillerian and Wolffian 
duc t systems, the female secondary sex char
acteristics. and the scanty or absent sexual 
hair. 

The name "testicular feminization" has 
heen cnticized as inappropriate. It was not 
originally offered with any special enthusi
asm, but was merely to call attention to this 
disorder as a separate and definite entity, 
which was easy to recognize clinically, and 
to point out that it was not so rare and 
unusual as earlier authors seemed to think. 
Furthermore, e\'idence from castrated cases 
suggested that the testes were, at least in 
part, responsiblc for the feminization. A 
numbPr of other namcs have been suggested 
1ncl11ding ·'feminizing testes," "hairless women 
with tr·stes," and "male pseudohermaphro-
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ditism" with qualifications such as ''familial ," 
"hereditary," ''with total feminization ," in
ternus," "with female genitals and habitus,'' 
etc. For one reason or another none of these 
seems ideal. 

Complete and incomplete syndromes 

The syndrome has been somewhat con
fused by the fact that the name has been 
applied to certain types of cases which are 
not "testicular feminization" as originally 
described. Most frequently included are cases 
in which clitoral enlargement or a phallus 
is present. In the complete syndrome the 
clitoris is normal or small. There is no ques
tion that patients with minimal clitoral en
largement present a closely related entit), 
especially when associated with female sec
ondary sex characteristics. There may also 
be a similar hereditary pattern, but there are 
two reasons for separating such cases. 

One is that the secondary sex charac
teristics en·n with slight enlargement of the 
clitoris are unpredictable. Thn may re
semble the syndrome under discussion l and 
in such instances prohablv han· a simila1 
etiology),'~-'"· rn. "''· they ma, he essentially 
malc,7'· "' they may be intermediate with 
sexual hair and breast dt·, cl0pmrnt,"' 01 
they may ha,·e no hair and n0 hrea~t dn·elop
n1t·nt. 7"· '' 

A second, and perhaps mc>1t· significant, 
n·ason for sepa1 a ting cases with clito1 al 
t·nlargenwnt is that while hoth ~vndromes 
an· hereditary, the wmplete feminization 
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,yndnnrn· and tlw ,,11d101111· \\itl1 <lit111al 
1·11larg1·11w11t do not, ;is a , ,ii,·. 11(·,·ur in tlll' 
,a1111· L1111ily tn·,·. F11, th,·1111011·, i11 th, · pa
til'11t, "ith clito,al 1·nlan;,·n11·11t. tlw11· 111ay 
ht· in,t,llltt·, of ,a,,ints d,·g11·1·s of _g,·11it.1I 
ahnonnalit, m 11\l'llllwrs of th,· ,,11111· family. 
Fnr 1",a111pl,·. Kiinit( 11·p111 ts a cas,· 11f a 
fami]~ in \\ hicli 0111· child Ii.id a 1.5 c111. 
c litrn is tlw thit krwss of a ling,·r , anotlwr 
h ,ld a '.2 l'lll. di tori,, and a third had hypo
sp,ldias and er ,ptorl hid ism. 

Thu,, nn g t' lll' tit _grounds, ht-cause sec
nndar, st·x is ,,uiahl,·, and hc·cause tlll' 
tst·nital ,lhnorrnalitivs may , ary with gradual 
prngrcssi(,n to hypospadias, cases with cli
tcwal enlargl'menl should ht' considered sl'pa
ra tely . Priid l' r' "' and N {1iil'z, F nn{111dl'z, and 
C.1 , a b0n 1

'"' h a\'l· suggested that such cast's , 
"· hen associated \\ ith frm a lc · secondary s<' x 
character istics, he callt·d " p a rtia l" or " in
compk-te test icula r ft mmiza tion .'' 

Incidence 

To the 82 cases pre,·romlv collected "' 
an additional 99 cases rt>ported in the litcra
ti.:.re ( plus doubtless some inadvertt>nt omis
s10n-) appe<11 to meet the c11ti>na originally 
desc ribed. 1

··• Thb inr.ludes only those \\'ith 
1-,stolo_g.c proof of tlie t,stt-s and those o ld 
enough fo1· st conda, y sex ,ha, ac tt ris ti cs to 
ha,e h.1d .1n r,ppcntunity to d1·\·e lop. Thes<.> 
are probabl)' u nneCt·ssa ry I e~trictions as a 
c hrom at in-nl'ga tive " frlll a k witl1011t a uter
us is a lmost s1in•ly a n 1·xa111plr· of this syn
clrornr·_ H pn: pubntal cases and those in 
\\'hich tlw, e \\ a s no biopsy are included , th!' 
number i, si!!,nificantl, gr eater. 

Tlu actual incidrncr· 1s difficult to deter
trJirw fwcau,, · rn many instances the patients 
)1,l\<' 110 S\!llptoms oth,·r than amenorrhea. 
Consid, ·, ,1bl, 1no11· than half of the reported 
1·;1ws had lwrni;1s n, in_g11inal gonads. Th!' 
tnw i)J( 1rl,·11'·1 of lwrnias llW\ bi· lnwn. 
~i11( , , tlr"s1· \\ ith"ut lw1 rtias 111a)' kl\t· t'Sl'apt•d 
11wdi( ;d .itt1·11tio11 l11,l!ui11al 111'111ias an• c1111-

sid1•r~1bly J,•ss c11111111011 in vrnrng gi1 ls than in 
bo}S, a11d 1,n11ian lwrni;1~ aw 1•,1·n rarrr. 
Basnl on ..i study of lwrnias in apparent 
frrnal1•s, .Jagidlo and Atw1·ll ' 1·,ti111at1· tht' 
p11•,·alt>11n· of tlw syndr<mw as I :62, Hlll 

Am 

111 .,11,,. Hausi·r;'' iu his l'xcl'll,·nt rt'\it·w b 
lic·\l'S it is 10 tillll'S high,•1· than Prade~·., .. : 
,·,tirnat•· ,,f I :20.IJOO, aud N,·tt,·r and co. 
\,., 11 kl'IS ,,, t b i111 that I:, to 20 l"'r Cl'nt of 
intl'I s,·xri;d i11di,·icl11als, with 1,tll<'r than go. 
nadal dysgnwsis, an· c-as,·s 1,f this ,yndrom1>. 

TIii' diag11",i, sh<,ulcl h<' n,nsid,·r1•d in thl' 
,-,. 111 :d•· d,ild with ing11inal (11·rni~s, 1•sp,·cial1} 
if tlJI' _gr,r,ads ,1!1' prt'sc-nt; !fl pnruary anu·n. 
on lJl'a, ,·spr·c-ially if c-xamination fail\ to 
, ,., .. al a ut•·r us; arid in patin,ts with an 
absl'nl ,·agina. "itli alJ',<·nt axillary 111 puhic
hair, or with _gr-rm <TII t1m1r>1s. 

Jkca11s<· of tlw fact that rnany of th<·\<· pa
ti<·nts Ira,·,· a weakn,·ss in tlw abdr,rrrinal wall 
in tlw in_guirwl an·a. a Pfanm·nstid inri\i1,rr 
is, p1·1 haps, prr·fn,, bl, · tr, facilitatr· any r,•. 
pai I nc·c<' ssary or to <·xpO'>f' any gonad lyini;
in tlw abdominal wall. 

A b,i,.f S UTlllIJaT Y ,,r th11·r· additi<mal ra, .. , 
of tl w ''l'nrnpl(' t t '' form of thr: syndronw 
rs g in·n below, as we ll a<, one case_• whirh 
sho11ld prol;zh ly b, cc111 sid<'red an •'incorn
pk t,··• rrr ''partial ' form ! F ig. l . 

A ll -l pat lnts pn·sen tcd female ph,·notypr,_ 
stxu:i.l c h,1ractui~t1C's, ,rn d psychological 
or ic:ntatic,n, • II \H •f' ch1 c,matin negatiw, 
karyotypes nn blood ,arnpks. and were XY 
! kincl rn·,s of Dr. Her bcrt Lubs 1 . Intra,enous 
p yelog1 J. m s \ \ 'C I C' n11rrnal. and x-rays of tlw 
peh-i s \\c ' re interpn tee.I as gynC'coid. 

In the first '{ cases the external genita\5 
\\'l'IL of adolescent female type with small 
clitoris and undPwlnped labia minora. ,hal
low , aginas appro:ximatt'h + tn 5 cm. in 
depth, absent utc1 us, and intra-abdominal 
'testes" which \\Tre 1-emr,,ed h,· operation. 

There \\ as frmale breast dt·,dopment hut 
onl) insignificant a:-.:ill::i.1 y tir puhic hair. The 
postopnatiq• adrninistrati11n of ~O mg. of 
1m·thvltestmtnn11t· daily ( in conjunction with 1·strngf•n) for pniods up 1(1 8 months pro
dun·cl minimal if anv rhan~l'. 

Tht' four th patient difft'n·d slightly from 
tlw 11tl1t·1s. The e.·ternal genitals appeared 
female, hut the clitoris was at the upper 
limits of normal, rather than small. It had 
a rather larg!' frl'nulum. The di tance be
tween clitoris and a patulous urethral m atu 
was excessi, e ( 5.5 cm.). Th perin um 
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high , and on opening this an·a by opr·1 ation 

a small 5 cm. \'aginal pouch was r·nr-rn111-

tcrcd. The gonad s were quite sn1all and at 

the time of opera tion wc11· found in till' 

abdominal wa ll only b y following th e go

nadal , ·essels. 

A further diff crcnct· was that she b a d 

less in the way of frmalc secondary sr:x 

characteristics. Pubic h air growt h in ado

lescence appeared to be related to cxog·enous 

hormone administration, and this a lso may 

have influenced breast development. Post

operative androgen-estrogen administration 

in the same dosage employed in the other 

three patients produced not only sexual 

hair, but definite virilization (Fig. 2) . 

Case reports 

Case 1. M. H. ( R eferred by Dr. Paul 

Drucker ) aged 21, had sisters aged 27 , 24, and 

18, and no brothers. Although the patient and 

a ll th ree sisters all egedly had occasional men

struation, a le tter from 1 sister indicates that 

a ll probably have the same syndrome and a re 

"·ithout menses or sexual ha ir. The m oth er 's 

brother and 2 sisters p lus the m atern al grand

mother's three brothers and 2 sisters were a p

parently normal, although I of the latter was 

childless. Breast development occurred at 15. 

Laparotomy and gonadal biopsies 6 m onths prior 

to admission showed testes. T he patient was m ar

ried with active and satisfactory sex ual relations 

111 spit(' of a shallow vagina. She weighed 123 

pounds, "as 66 ½ inches tall , with a span of 

661/s inch c>s . C olor vision was normal. 

U rin a ry steroids (mg/ 24 hr. ) : 17-ketostnoids, 

1 r1 ; 17-htogenir steroids, 1 I; prc>_gnanediol, 0.8; 

and prc>_gnanetriol , 0.4. Crcatinine exrretion, 94-5 

m g. pn 24 hr. F.S.H. > 13 < 52 M U.U. per 

2-t hr. 

Case 2. P. L. ( R, ·frrrcd by Dr. Vir.e;inia 

Stuernwr ), aged 18, had orn· IJrothf'r and 2 

sistPrs ag, ·s 1-l and l I who w,Tr·, app:1 r,'ntl), nor

mal. l\1atPrnal family history 1,,1as 1u·,t4a ti,1· . Th,· 

rnatPrnal Tllf'!lan lw was al I'{ y,·ars with s,·x11,d 

norm;:il hair. Ldt in!_(11iJ1.il 111'rni :1 r, ·pair 11 ,1 s 

done ;,it .5 . Bn·,ist'i dnr·lop,·d :1t ag,· 12. Sh,· 

,1·eighPd I +'i pounds ,111d \\ a.s 7() in, lws I all 11 i tli 

a span of 74 ¼ in, h,·s ;rn d , li ghtl y ,·un 111 hoid 

IJUild. Color vision vL1s normal. 

Urinary str:roi ds ( 111 g/2..J hr.): 17-hto,tr·roids 

1.5; 17-k«·tog,·ni, \lnoicls, 7.r!; pr,·gnaiwdinl , 1.,< 

prcgnanctri(JI, 0.5. Crcatininc r·xrrct ion, 1, 1 ~.J.1 

rng. / 2 'I hr. F.S.1 I. pr1,,,p,:rativ1;, _.,,. 11 < ">:! 

!VI.U.U. pr:r 24 hr. , pr,~tr,pcrativi: , _.,,. 2fJ8. ' 

Case 3. J. R. ( Rd,·rn·d 1,y !Jr. J,,,q,h Br:hky ,, 

,1g1·d 18 bad r,rw , 1<,1r·r ag,·d I 6, wh,, wa, 

. I , nd t wr, ha! f-brr,t hers hy hr;r rnr,thr•r · 
norrr1a ,l ~ , 

,er ,,ncl J111sJ,arid. Matr·rnal s<:xual hair Was n,,r. 

inal with nJl'narrhf' ;,t 11. Thr; rnr,thr:r and f,,,th 

l,alf-br/Jthr·rs , howr·d rnr,dr·ratr· rr·d-grPr•n <r,lr,r 

11 . cl 'S Th,. fat hr·r rr·rnarrir-d thr- rnr,thr·r·s 
1 1n nr·, . -

· t r w hri was norrnal. Thr; twr, undf'.s \\'CH· 
" JS f' ' - , 

I J, 1·uhL inguim.il rwrn1r,rrhaph y wa, r,r•r-
norrna . '-,., ,. 

fr,rrrlf'd al ] l. The 1,rcasls dcvel r,pf'd a year r,r 

more latf'r than hf'r classmates', but final en

dowmr·nt was gcncrr,us. The areolae were large 

hut the nipples small. In spite of insignificant 

sexua l hair, forearm hair was slightly increased. 

She weighed J 59 pounds and was 68 inches tall, 

with a span of 71 in ches. She was partially 

red-green ro l or-blind. 

Urinary steroids / mg. / 24 hr. ) : 17-ketosteroids, 

21; dehydroc>piandrosterone, 5.3; etiocholanolone, 

5.3; androsterone, 6.0; 11-ketoetiocholanolone, 

1.8; and 11 /3-androsterone + 11 /3-etiocholano

lone, 0.4; 17-ketogenic steroids, 5.5; pregnanediol, 

1.6; pri>gnanetriol , 1.2 . Creatinine excretion, 

1,219 mg. / 24 h r. f .5.H. 1~1.U.l.J'. / 2+ hr.J pre

operative > 13 < 52, postop erati\'e > 208. 

Case 4. P. S. ( Referred by Dr. Louis Clai

borne ), was aged 19. Both the patient and her 

mother were only children . The maternal 

menarche and sex ua l h a ir v. ere normal. She had 

two great-aunts ,,·ith childrr- n , one ,,·ithout and 

one grc>at-great-aunr "as thought to be amenor

rht::ic. Plastic procedurf' \\' J.S performed to the 

genitals at th<' age of 5 1 ? ,eparation of labial 

fusion). At the agf' of 15 then• wa, onh ques

tionable rommenremcnt of hrea,t de\'elopment 

with sl ightly enlarged nipples but no glandular 

tissue. There was nr, axillary hair and imignifi

r-ant pubic hair. Th e patient was placed on 10 

mg. of mnhyltest(ls(f•rnne and 1.25 mg. of 

conj u.e;at<·d estrn_gen, Prernarin ), and within 

30 to 50 day, thc'n• \\as ,uddcn growth of pubir 

hair, though no .l'\illar) hair appeared. There 

'1 a, no further hair growth. Breast deYelopment 

also 111111111r·nn•cl ..i.t this time. In spite of pro

lnng<·d 1·,trogc·n thn.ip), tlw breasts remained 

1 
;ithn ."111all, and snmati(' growth continued with 

x-r,iy c·vidcnn· <>f rPtardcd bone age. The patient 

rc·c1t h<·d a h,·ight of 70½ inches, with a span of 
70 1

~i'h,·s, ,md ,wight>d 143 pounds. There wa 

'
1 

slight arromf'galit' ti·ndency with a rath r 

P
1

"
111

lll•·nt jaw. In this case tht> color vision 
normal. 

l fri11ary 
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i1ions. \\' hen seen 7 months lat1•r 

, pn'" i1,, . ,cill' and slight facial hai1·, deepening 
I ,re ".1-.: ~ 
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1 
. ,ice .1xillarv hair, abundant pubic hair, 

f I H' \t , . 

'' d,•linitc clitoral cnlargcnwnt ( Fig. '.!). 
.,nd 

Morphology of the gonad 

\\'bile the gonads in this syndrome are 

. 1.1JJ, described as being similar to un-
u~t ~ . ·~ 
descended testes, there appear to bc some 

definite morphologic differences: 

t. The tubules seem to resemble those of 

J considerably less mature testis than would 

be e,pected from the age of the individual 

Fig. 3). They are often indistinguishable 

fro1~1 those found in tubular adenomas. 

\\'hile such nodules are found in the un

descended testis, in this age group the unde

scended testis sho" s a predominance of 

tubules containing apparently mature Sertoli 

cells : Fig. + l One might further expect to 

encounter some germ cell de\elopment, which 

is rare in this c;yndrome eYen when the 

~onads are extra-abdominal or labial. The 

tubules \'ary ,rnd in some instances may be 

considerably more den·lopcd than those il

lustrated. Electron microscop)' of the gonads 

in Case 3 by Dr. Gerald Gordon and Dr. 

Klaus Bensch~' showed the fine structures 

to bt ~1milar to those of the fetal testis. The 

tubules appeared to be lined principally by 

primitin· germ cells with somP Sertoli cells 

present. 
2. A Sl'cond fra tu re is the Leydig cells, 

which may be absent or replaced by rather 

hf•a\'ily collagenized interstitial tissue in por

tions of thP gonad, only to be found in large 

aggn·gates to tlw excl11sion of other gonadal 

elf'ments in othPr a1eas, particularly n!'at 

the hilus of the gonad ( Fig. 5). Of tl'n the 

rmdPscrndrd tPstis ll t this agt' will show an 

increase m Leydig cells. but not to this 

degree and, furthermore. one docs not en

counter such broad expans,:s of tlH' cells. 

Leydig cc·lls are also found along th«· meso-
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gonadal ll('rn·s in nn1cl1 tht· same fashion 
that th(· hilar Lc),di,.,,·· (·ells ,,f ,., tlH' o,·ary an· 
l'ncountcrl'cl ( Fig. 6). 

3. Therl' may he areas of n · fi fi ' · onspec1 c brous 

stroma 1:(·sembling ~varian strorna ( Fig. 7). 

In soml' mstann·s this has been such a feature 

that. the diagnosis of ovotcstis has been 

considered. There arc, however, no follicular 

dnivatives prl'sent, and in some places im-

1~1atun· Ll'ydig cells are present among the 

fibroblasts. These m·arianlike areas are not 

found in the undescended testis. 

Dr. Ronald Sniffen, who has written 

authoritatively on the testis,'"" kindly re

viewed the slides of these gonads. He con

cluded that these gonads were "histologically 

distinguishable from undescended testes in 

males of the same age." It may not be 

entirely correct, therefore, to classify these 

patients as bona fide male pseudohermaphro

dites, as there is, apparently, some element 

of gonadal dysgcnesis present. Howe\'er, the 

testis in some other forms of male pseudo

hermaphroditism may bl' slightly atypical. 

Furthermore the morphologic diflt>renc.P5 

seen may be an adolescent chJ.n!sE. as the 

prepubertal gonad in th 1s S) nd rnm,_ re

sembles a normal prepubei ta! tc st1s. 

The effect of hom1ones on the dE \ ( ,op

ment of gonad itself is not \\ell understood. 

but obsenat1ons, such as that n[ Burm; 

that estradiol ma, inducl st'X rewrsal of 

the morphogenesis of the embryonit. testis 

in animals, suggest that some of the ab

normalities noted m the structure of the 

gonads of testicular feminiLation might bt 

on an endocrinologic basis, such as an ,111-

drogen defect at pubert1 . Ho\,ewr, as the 

gonad is also the probable source L'f hor

monr in question it ma, be a little hard to 

know which is cause and "hich effect. 

Incidence of neoplasia 

The mcidl'nce of neoplasia in thesL' gon.1ds 

is diffirnlt to ascntain, since the majority of 

L asl'S reported in tlw literature ha\'e onl;, 

reacl1ed their latt- teens or early twrnties, and, 

fmthcrmore, in consickrabh more than half 

uf these the gonads \\ere remo\'ed. Onh 1 

111alignant tumor has been reported <1mong 
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Fig. 3. Testicular tubules (Case 3). Note immaturity. I 3()()_) 

Fig-. 4. Tuhu!Ps in 1111dPs,f'nch·d t<'stC's of otlH'rwise normal 19-yr·a1-old 111 :,1, , 

Cornp:1ri· with Fii,;. :l. ( '.l llO. ) 

lr ·,·n-al!,l' patif'l1ls, :rnd 2 111ali _l!, IJant t1111101s in 

thos, · in tlwir tw1•11ti1•s. IJ11t in th,· 'JO 1qm1kd 

cases :30 y<·al's of ag,· 01 oldl'1 tlwn · li.1, ,. IHT!l 

] I rnali _l!,llallt tu111ors, cl1idlv g1·1111innmas. In 

addition tlwn · \H'II' 1 'j t11hula1 ad1•nrn11:1s 

( up to 2 ~ cm. in di:t1J1!'lt·1 ), and 10 rysh 

!al'"t' t•n<mgh to he· :in indication for OJ)('J a-
.-, ' 

ti\'f' intnv<·ntion. 

Thi, 22 pt·1 rent incidrncr of malignant 

t 111111" s is oh, io11 s]y ahnonnally high bee au 

· · · · · d" t"on {or 
m 111a11, 111stann·s It was the m tea t 

· · · t to the 
"JJn;1t1on that brought the patten 

,tlkntion of thP ph;·sician. Howe,er even 

allo\\'ing fo1 this fact, the incidence of 

plasia app1·a1 s sufficient to contin 

, ·ocate n·moya! of th<' gonad th 
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.! l . ~:1nn.) 
Typit "I Ltrc,e ;wgn•g,,te of L eydi c, cl' ll s (C:.ise , ( 

Fig. 6. E x t,ago11 ,Jd,,I liil :11 J,,·ydi•.( c<'lls su1 rou11<ling no11lll)Tlin~ted nenC' 

((;;, , , 'l ,. ( :1·00. 1 

111ti()n tlH1,1p) aft,·1 s1 ,·011cl;i1 y s,· d1:1r:H·· 

tr·11stics kl\,. rln i-lopi·d. 
Tlw n1Jcl11br ;1pp1·;1r:1n, 1• till' L',,111.1d 111,1, 

lakr· i, ill11strat,·d in Fiµ;. B. Tl1is is t!()t 

cilways pt 1·s1·nt, h11t it may lw difl111tlt t11 

d,·c ick wh1·tlwr srn1H' noduks 11·1n1·,1·11t ,Hk-

rio111as or JH>t. 

Genetic aspects 

l lw ,\ ndn>llll' i, hnl'llit.n\ "ith tran,-

111i-.siPll tluPuglt th,· tI1,tlnn.d linl'. The car

rit·rs ,UT u,11alh nonn.il females, hut de

c11•,1,t·d a--.;ill.tr\ pr pubic hair has been 

1101t·d ill otlwn, ist· ;1pparl'nth normal moth

ers, gr.111dnwtlH·r,. ;1unts. or sisters h~- a 
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Fig. 7. Area of nonspecific fibrous stroma dSf . (C· , 1) ( 'Hlll ) 

Fig. H. c ;, 111 ,,d, ,111 cl rndm1<·11t.ny utrrint' <"nl.1g,• rc·111n, l'd fn,111 Ca,c

, 111, 1111d,d,11 ·lf'IJl'a1 m,, 11f 1s1111ad. 

1un11lw1· 11/ • 11th111 ~. 1· I, I , ,1,, 1, I, <1 7 I ti:! 

111,•11a1 d1, l1 :1, ,il , n h, •,·n llll'lllltlllt'd 

L.i tt' 
as .i 

f:1111ilia I t, ait. 

I I I S I ·, · 1[1 '- - l .1' 111111 .-·• Pttl' .. , , :11.n )S ,Ill< ,IS. 11 • '> • " 

l{(lhi11s<1!l , :ind Tjin ·• .ind suhs1·111wnth· 

otlwrs ha, 1· fnund th1• 

IIW!lt in c;1s1•s <1! this 
, h, 11111nso11w cum pit'

s\ nd101111· to lw XY. 

\Vhil,· tlw karyot pc, nf tilt· four cast's in 

tlii, 1qJ01 t art' all • ·y, Miller~6 has en· 

rn1111tP11·d a tvpical case which is apparen 

,111 XO XY XX mosaic. Dr. Morton 
has kindly srnt slides from a pair of id 
~l-war-uld twins who apparent! h 
f1•,1tures of the yndrome in 
the buccal smear and th 
matin positive, 
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·si"b]y, an XXY constitution. If chromopo~- . 
lle complements other than XY arc asso

sot 
~iatcd with the same clinical picture, it 
" ·otild suggest that this syndrome may he 
hasicall) a hereditary endocrine defect rather 
than just a form of male pseudohermaphrn
ditism. Furthermore, the absence of sexual 
hair noted in female carriers above, sug
gests that the female may he afTected by 
~he same defect to some extent. 

Re, iews of the hereditary features of 

this syndrome, notably those by Lenz37 and 
Grumbach and Barr82 have pointed out the 
fallac, of including only those pedigrees 
that ha,·e more than one case of the syn
drome. This leads to the false presumption 
that these are more affected than unaffected 
males. For example, in available reports 

there are a total of 351 siblings, of which 
159 are female, 70 are male, and 122 are 
this syndrome ( excluding 27 children who 
died in infancy). In families with only a 
single case reported there are 146 siblings, 

65 females, 39 normal males, and 33 affected 
males. Using such statistical methods as 

those of Weinberg104 or of Levit9 0 the ratio 
of female to male to affected male approxi

mates 2: 1: 1 leading to the conclusion that 

this syndrome is either an X-linked recessive 

trait or a male-limited autosomal dominant 

inheritance. 
In differentiating between these two possi

bilities, hereditary studies in relation to 

such sex-linked defects as color blindness or 

hemophilia gives some suggestive evidence. 

Nilsson and associates"9 reported observa

tions of a sexually normal male and an 

apparent case of testicular feminization in 

the same sPt of siblings, both exhibiting 

hrmophilia A, and Stewart'"; made similar 

obsen ations of independent st·grcgation in 

pedigrf'es with color blindness. Cast· 1 had 

partial red-green color blin<lnt·ss. Her two 

normal brothers , . ..._hibitf'd thP saml' df'fl'cl, 

while her sist<'r had normal t nlor \ 1s10n. 

HowPver, thP fact that the motlwr. lic-rsl'lf, 

was color-blind would indicatt· tlrat all XY 
offspring should I)(' color-blind . 

In his magnificent n·,·iew of the X
chromosome in man, McKusick'':, studied the 
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blood group antig1·n X " wh·,c·h . X 1· ,. J 
• - • ' . i.:: ' . I\ - lflt<.f 1

( ) 

m relation to testicular frrninizati,m. In a 
family with thre(· aITc-r-tr·d and ()rlf' unaff Pr tr·d 
male thc:n· was ()n<• crossrivr-r. 

These obsl'1vations s11gg,·st that tlw rkfrrt 
causing- tr-stic11lar frrnini,:atinn is r·ithr·r s,,f
ficicntly fa, rnnovr·d fr<>rn thr· g<·nr·s ,,f 
color blindrn·ss, Xg blrJod gro11ps, and ~ir-m,>
philia to permit frr·qur·nt crossing O\cr, or 
that the condition is autosornal. 

Endocrine aspects 

Endocrine studies pcrf orrned rm patir:nts 
with this syndrome have in gic·nr:ral shown 
normal or elevated levels of urinary kcto
steroids, normal male or femak lr·wls of 
urinary estrogens, cornification of th<: vagina, 
and normal or slightly elevated ~onado
tropins. \-'\Tith castration there has be,-n a 
fall in ketosteroids and estrogens, a decrease 
in vaginal cornification. and a rise in go
nadotropins indicating at least in part a 
gonadal hormone source. Similar findings 
were encountered in the cases reported in 

this paper. 
Clinical evidence of androgen secretion is 

usually present when urinary 17-ketosteroid 

values reach 15 to 30 mg. per 24 hours or 
more, but in the complete form of this syn
drome in spite of such levels there is a lack 

of androgen effect . Among the possible ex
planations that might account for this dis

crepancy are: 
1. An inability of the gonad to produce 

androgens of high biologic acti, ity, such as 

testosterone. This might be caused hy de

ficiency of enzymes such as 3/3-ol dehydrng

enase or 17 /3-hydroxysteroid dehyclrog

enase. 
2. An accelerated mctaholism of andro

gens to inactiH· metabolites. 01 a rapid con

' ersion of androgens to Pstrogcn, at pe1 iph

nal ,ite, such as tht· liver and kidney. 

'l Encl organ failurt' to re,pond to an

drngr·m 01 •· androgt·n imensiti,ity.'' This 

umn·pt has heen sug!.!,nted h, \\'ilkins. 71 

How1·,n, it prn, ide, no explanation for the 

hn-ast d1·,·t·lopment or female habitus. 
\\ 'ith a ,·iew to gaining mmT exact infor

matinn rl'garding the steroid svnthesis and 
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Table I. St1·nlid co1111'11t 11f g"11:1d:tl "·111111, 

plasma 

(,'onod,d 

I l't'U()/1\ jd1l\llltl ( . ,,,,. (. II\ t ( "\f ' 

(µ~ po /()() 111/.) I* ''* ( ,,,,. I* 

Dcll\J1nl'pi-
~1 ndrc ,stl'ronc I.Ii 2 7 ·1." N11l cl, •. 

. \nd n 1stcnl·d iunt 11.(1 '\.8 .!. . 7 t,·, [,,Iii, 

7\~sto .tern11t• , 11.1 ~.:"l 11 . .!. ;ill 

Estr.idi,,I 11 l 1 ~l .!. (l , ·,ilu1·s 

Estrnnl' <.... 11 .!. il . 1 'i ll. ~ ') <-. !l.h 

* ()11 d, .. , .; 1111, ·1h,, .., 11111· .111d t h111 i11nit · )..:Ol\ ; l{l11f111pi11 , 

,1·nl'li, ,n nf till' gon.1ds in this S)11d1011w ;1 

dl't.1ilnl ,tud) ,, ,1, c111ic ·d nut i11 tllf' I 

l'dst·s p11·s1•11tl'd in this pap1'!'. This i11cl11dc ·d 

d1·tn111rnatinn of gonatbl stnnid C"Clllt< 111 

( C:1sl' 1 ', gonad a l , l' llnu s pL1 s111:1 s t, 101ck 

in , itro mruha tinn o f _g<H1.1d .tl ti ss u1 , , itl1 

raclin,1ct in· pn·cu 1so1s, s t1 ·n11d s<T tTtirlll 

1·;1tcs, .rnd l'stin,.<tiun "r ,nm, pl, ip lw1 " ' 

pl 1srn-1 ste1 oicls. 

,\fter C"ll,1in h.1srlirn· .d111·s '"'11• 11\J-

tainecl, Ca5e~ 1, ~. ,rnd + 1,t'n' p laced c,n 

c:fxJ.meth.ison,' 1 0 7.5 rng. 1111 Cl' lnrn:s ., d<ty 1 

for acln'n,tl s11pp1rssion .wcl 11 cl,1)s latll 

chonnnic gnn.1clotropm sti rn ulatio11 to.non 

int1a,enou,ly at hecltime) 11.is ca 111eJ uul 

for 6 cl.l\'S ~tuclies \It' ll' tlwn carried out 1 

week postopnati ,-cly with thl' patil'nt still 

o n dexarn cthason l'. 

\ t uclv o f tlw stnoid content of the gonad 

a nd in \ itrn incubation studies II ith gonadal 

ti , ,1w and I adioacti\C pn·cursors in Cas( 1, 

a s \ITII as determination of the steroids m 

ti w gc,nadal \ ein µlasrna in all four cast's 

wa ~ can i,·d nut h) onc· of us ( V. B. M. l. 

ernpl") ing prrwl'du n·s simi la I to thos<· use cl 

1ri th pohcvst w nvaric·s. "0
-''' 

Tl11 t:n11 :1cls Ill Case' l co11tainc·d 2.q /'!.!. 

c,I d,·hyd1," pia11d, "stc•1 rnw :llld 1 .2 /' _g of 

:i. •-andr"st, ·11"'li1J1W 1w1· ,..:1 .1111 ,,f tiss1w. I k

(1•ct;1hl<• ,1111"1111ls "' 1,·sl1J~l••1,11w :ind ,·sttu

~c·ns 1,,.,., 11111 p11 •si-r11 i11 tlw g1111.id. Tlw 

dt>hyd1<wp1:111d1ost, •11111t' lt-1,·ls a1t· ltiglw1 

than th,1t f"111HI in 11"1111al o,.t1i1·s. Normal 

1 ,d11cs frn tlw h11111a11 t<·stis an· unknown. 

}{,•suits of tlw studv of tllt' gonadal \Till 

plasma an· pn·~•·n!l'd in Table I. It should 

lw nwntionrd that tlw collection of the 

"' 

,,Jl'l'lllll'll \\:IS Ill Sfll/11' i11sta11c I'S ( flllll I° 
_ ' u ated 

J,v tlw p 11 ·s1·1u1· 111 ,,.,y s111all 11·1ns and 
. - . l IX -

,ilil,· 11111 td111i11,1t1<111 wrt 1 1w1 iplt1·r.il hlood, 

Tlw 11 ·s11lt,. 111'\<'I tllf'i,·,s, sli,,w tlw !Jfl• 
. S(•nu-

r, f ,i»11il1L111t l1·1..ls ,,I 111·1• d,·l,ydr<,..1
-

- ,1ar,_ 

<i,ost,·iorw ;,11d ;i11d111,t1·1wdi,,111". It i\ al,, of 

inl•·rc·sl to 1111d ,1 l,i,.d, It-I'd (If t1 ·st<,st1•1r,nt· 

in ( :;1,c• '.!_ .111d ,igr1if](',111l arr11111nts in C:a\i• 

·;, Tlw [<-1·,·1 of ,·,11 ;,rlir,I i11 ( :,,s,-~ '!. and '1 i 

< 0111 p.ii;il,1,· (11 1'1<1t f1J11rnl i11 rt<11 rr,;tl f('ruall's 

.itnui,,1 tl,, • r,\ ulatirn, pi·aL.'' S111all ,1uanti-

tii s ,,f ,·straclic,l 111 ·1<· als,, f1,u11d in Cas,· 

:111 d 1·st1111w i11 <:as,, '!. a11rl T In C:av• f, 

tlw , ar iant ,,f tlw S)l1d1<Hrw. tlw 1·,·nr111 

pl ;1s111 ,1 did 1111t ('l>111;1i11 11was111ahlr · a111r,unt 

111 fr,, , sl<')(1icl s ,ilthr,11gli tl1" rnini111;,J cl,-_ 

(1'('1 ~1hlc- ,111111unt rb, r a 11s1· <Jf a,·aibhlr· 

pb s111.1 111l11J1lf' \\,JS (J,f, /' .!.! p t· 1 1()0 rnl. 

' I 11" ill it,,, 11,r uha tJr,n stucli,·s in Ca ,, l 

sl1 11w ,, •11()1 1 111 11 11·1s1r>11 r,f ,arir,us }Jlf•r.111-

,nr, 1n t•· to'\tl rollt, \\ l1ic li gr,r-s br·yr,nd tlw 

i.rn•, fc,ilJld ,n ti,, 11111111.J. l r,L.11y and nw,· Lt· 

\\ itl,11 t ,tic ul, 1 J ,,ng,_ Tablr· II . Thi, is 

i11 :11;1euw nt will t li r lrnd111!.!S of Griffith, 

;111cl Crdll,' \\lu l10\11·,,·1. r,nl ) inlubatcd 

with j._ ~ I'' ec ur 01 s. Fut tli ennon' n·idence 

r_ ,f a ro111 ,tll/,lt11>n uf I in !.f A of anclro1<1·n, t11 

fonn l'\ tn,g, ·n s hv tlw t:<•11a<l, i, .1l,0 pn:"•nt 

Secret i11n 1 :, t1·s h, ·mt: pnf1>nn1:cl b, l h 

Raymond \land,. \\' 1elP un Cases 1, ~- .1m\ 

l and gonadal im uhation ~tud:L"s "11 Cav· 

2, :~, and I h) Dt. N'ath,m Ka~1•, 11\ticlt will 

hl' puhlislt1·d ,t"p:1r:1t!'h-. ,11!.!!!,•·,t that 111 

Cases 'l and :i tlwn· 1, , ,•1 ,. i!!.nific,1nt 

l<·stostnunc prndurtinn in tht' rn.i\1_' rall!!,l'. 

11hill' i11 (\1,l' I tlH· gC>11ad, appr,l'ed 1ela

ti1·i-ly inani, t· . 

Dt"tcnnina tic ,n,; c ,f the conju~ated Ii

kt"t1ht1·1 oids in pt•tiphn,tl plasma wcrl' cat

ril'd otr! hy tlw r11t>thCld of Conrad. l\fahe h, 

:111d llt·11111a1m 71 and n·sult. ,ue pre.ented in 

T,rhlc 11 I. E t·1·pt in C,Ll' t kH·ls of deh)· 

dnll'pian<lrnst(')'o11e sulfatt· were high. De a

nwthaso111• ,upp,ession lmn·red thee ,alu 

and lt11 th1•1 significant decrea as brought 

<1hout by C'astration indicating both adrenal 
and gonadal origin. In C 3 the 

slight lo\\ering of th le 

tion ugge t a 

ource. In C 
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_\ . /', c,: 11, 11u/u11r 
/JI I, I,/,,,,. /11-
,," rl' II I,.,,,,, I P, 111.:1-', ll"/ '11'/I' 

! -( I\ 

j, '·- Anrl rn1 / P· 

nf rl io ne 
.J- . ( , I , 

,\f etaho/1/1' If,, 1 t t 111 r 011-

1 1 f 1 /llf/ /Hf J.!. l(llf/ u{ ft ~\/JI) 

J jr,. fl )dTC/X }(JII Ill 11,i\1,111 

U, il ) d,,,1 pi . .u1clru 11 1C111, 

Pr11 ~ts t1 111111 • 

t7P• Jl } dt1, ~) ('lft l• f 111,111 

.J, 1. \ ri d1,, tt ·n , dion1 

'I I Int, r11111 • 

E 111111• 

E 1,.,d,.,J 

7- 11 

18 8 
7 f, 

J" - ,, 
fl , I 
()_(J c, 

(J (Jf, 

Table III. Pe, iplH 1 ;, l pl;, rna st1·1 n id ]1·v1•l~ 

7- 11 

'J f, 

(J,8 

(J.~ r, 

0 .'1 

'..!'1.f, 
fi.8 
fl. I 
(J.08 
0.08 

l.'2 
(J.f, 

0.8 

p, ,;,,1,,,,,1 1,/0511/fJ (/1~ /JI'/ /()() ,,,,.) 
--1--Cn,,, ( flle 2 Case 4-

Ba,el,ne penorl 

Dch ydr, ,,·p'.andr<,SI ,., r,nr•-Sf ), 
A11dro~t,,ro11c -S(J, 

Cr, , tisr,1 

D rtru11e thr/jfJne wpp,e1S1on 

D1·hydr1,1· p:8 nd 1 r,s tnrmr·-S'. J 
And" ,H••rr,n•·-S0 , 
Cr, rt isol 

D ex om el hoso ne nnrl A.P.L. 

D1·hydn ,1·pi androstr-rrJ11r--Sf )1 

And n ,str·rorJ/'-S( J , 
~J f', tfJ 'j ff •rtHH" 

(,'a , / rr1!11,n ( on r/Px a111rtlw .one ) 

D1·hyd1 r,r•pi androstr·rmlf•-S< ), 
'\ nd, r,str· rr,r1"-S( J, 

(" /,r1/1on (no rle , m11P/howr1P) 

fJ 1·hyd1 ,,r·pi;111rl1 osl•·rr,111 -Sf), 

\11d1,,s tr•1r11ll'·S( J, 

h11t Ill th1 · 

r,lf11 ·1s \: ,l, ws \\,/' Jf · 1J1 11111il ;1 11d 1·linri1c,b11n

l1,111 s ,ilf:,1, · ,,, 1s 11111 d,-1,, t;il1l, · 111 :Ill ) p :1-

lw11I . ' i l111 s, 1!11 11• did 1111( ;1pp1 ·;11 111 iw ,1 

~i•111 il1r ;ir,I 1111 11 ·:1"' 111 i11 :11 Ii,, . :1111h 11'.'<'II 

lllf't:1i,11ii1, , l· 111lill'lllllllf ', 1)1 . l' .ilpi1 IJ111l 

ll1illl \\, I ~ J...i11d f'JJl)ll ~ i, 111 f' :11 I )' 11111 .I t1· , 111, 

t, •1c,111• d, ·t, ·1111i11 :itin11 1111 tiw p1 ·1iplw1,tl 

pla\111;1 i11 ( '.a s•· I , w lri..11 11·:is 1111111d [11 iw i11 

th, · n111111ai li-111ai, · 1.i11g1 •. ' ' 

C:1•1tai11 iril1·11 ·1H1's 1a11 lw d1;111'11 f1nn1 

tlws1• 11· stdts : 
I . 'I lw gonads rnay nnt all lwli,l\t' 111 an 

151 
85 
1.5 

88 
77 

'.! 11 
15-t 

16.5 

H7 
73 

-t55 
+7 

19 
0 

'.! .5 -t '-t 

< 

82 
j~ 

109 
91 

(J.085 

'.H 
'.!'i 

-t32 
15 

id1 ·11tic.il fas hi o n , a s is sho11n b, thl' rda

ti , 1·1 ) inacti, ,. hnrm(H1l" pniductiPn in the 

i1H1111111kt( · ') ndn>l1H' ( \ 1,L' l \ as compared 

,,itlr till' ntlll'I S. 

' > 111 till' (n111pl1 •t(' ,, ndninH· thL·t'l' is an 

' ' " q1ti1111 ,tlh lri _glt p1Pd11ctinn nf clt-h\'llro

,·11i.111d111s l1 ·111111· sulfat1· and dd1ydrnl'pian

d1mt1·1"1w i11 11hid1 lH>th gonad and adrl'nal 

.qip1·ar imnht·d . Tln·sl· , ·aluL'S an· in the 

11pp1·r 111.,lt· rang1· and m.1y in part acnn1nt 

fnr till' lri _glr u1 inary kl·tostl'l'oids S(lllll'linws 

1 'lll ' I >1111 lt'l l'(l, 

'.\. Tlll'n' 1s po,sihl) a quantitati\'t· hut 
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cntainh· no qualitatiH· defrct in hormnm· 

o11 tput. · The .l--1- compounds on:11r in sufi.

cient quantit) lo rule 011t a '.~(3-ol dehydrn_g

enase ddicienC\. The findings or testostn

one in the gon~dal ,cin plasma indicatl's the 

pn'senct· of the 1 7 (3-hyJroxysleroid deh\'

drogenase. The aromatizatinn or the A-1 ing 

to form estro_gens appears normal. 

In ,·ie,, or the limited nurnber of studies 

of this nature carried out on normal o,·arit·s 

and normal testes, as \\'ell as undescended 

testes, it is , L't') difficult at tbis stage to 

compare tht·st' gonads either with the testis 

or the o, an. The studies presented in this 

paper sho\\ that the gonads in this syn

drome are capable of producing significant 

ll'\ ds of both androgens and estrogens of 

high biological acti, ity which compare fa

, orJ.bh "ith both the testis and the O\·ary. 

T here· m a), ho\,·e, ·e r , be va riants of this 

func tion as sho\\'n in the incomplete form 

of the syndrome ( Case +) which was widely 

different by the abon' mentioned criteria as 

cornpMed with Cases 1 th rough 3. 

Comment on etiology 

There 1s strong e, idence that this syn

drome is a hereditary endocrine abnorm al

ity, essrnti,d ly re lated to a lack of androgen 

effect. Th is is borne ou t both in tht abnor

rna l o nbryonK den· loprnent and in the ab

normal seconda ry sex cha racteristics. 

In fet a l life defici ent androgen effect is 

indica ted by the fact that the urogenital 

5inus dcn-lopment 1s female and the ·wolf

han d11ct system fails to den:lop . The male 

dt•\·c•lopnwnt of thcsf' structures is androgen 

dcp, nclent and they will he frmale in the 

absenu· of anclrng,·n, as has been sho\\'n by 

the stuclic·, of Jost and others''• on the d:

fect of castration (If tlw lllale frt11s in utero. 

As androg,·nic sll'1oid~ do not ;ippt·ar to 

inhibit tlw d,·, ,·lnpnw11t ol tlw M iilll•rian 

~yste111, tlw ahs1'1J('I ' of Miill,·1 ian d1·1i\'ati,·,·s 

in thi, syndrnuw n1ust h,· explain,'d hy till· 

pn·st'BCI:' of th,· !Pstis and of tlu' Miillerian 

inl1ibiting factor which pn·w•nts tlw d<'

\'elopment of 11t1·rns in the normal male-. :; 

At puhPrty tl1t· rnmpletr failure of de

velopment of any male secondary sex char-

. ·tcristics in the complete syndrr 
,l( • 

>nu! a,,. 

·,it tci an androg.-n ddcct O l-;a1n 

µ01 ·· · ne c, 

then concludt' that th,·st· rq.>H•si•nti•d 'lll(j 

. I f . . Je\-

ti H'IY inact1n' gonac s iom tht• end ...... 
, . 'f • 

11t11n 
int of \'lt'W 1 1t \\-en· not for the . •· 

po . appr•a 

. n· 0 f ccrtam female charactcrist' r. 
,lll 

. · !Cs It• 

llccting estrogen product10n. That thr: lt>s;.· 

. it her than some extragonadal source . ·· I\ 

I, . 
IS rt•. 

nonsihk 1s borne out by the fact that 
s,... 

such 

sl'condary st'X developnlf.'nt d~es not tah 

place aftcr pi 1·p11?ertal castratwn.''' 

\Vhile it is ob\'IOLIS _th~t such female sec. 

ondary sex charactenstics cannot dt\elrip 

without est rogcn, they are not necessarilv 

those of an excessive estrogen output. F~i 

example, the labia minor are invariablv 

small. The nipples are frequently underd~

, ·elopecl, and the breasts contain relative!) 

little glandular tissue. In some instances the 

build is eunuchoid and the pituitary gona

dotropin som ewhat ele, ated. 

Instea d o f p ostulating excessiw estrogen 

secretion tlwn it sei>m s quite possible that 

in t he p resenci:> of normal or only slightly 

ele\'a ted amount· of testicular estrogen it is 

chiefly thf' "nonaction of androgen'' that 

result s in t hese ,;omet im es rather impressi,e 

seconda ry sex change~. The mild androgen 

defect seen in such conditions as Kline

fcltcr's syndrome m ay result in some breast 

de,elopment and suggests that this m:1y be 

possible Better e,·idence that androgen does, 

in fact, suppress estrogen effect i; seen in 

congenital adrenal hyperplasia. In untre:1ted 

cases the androgen formed hy the adrenal 
' ' 

may pren·nt breast dt'Yelopnwnt and othe1 

frmak secondary sex characteristics in spite 

of the presence of o, aries and of estrogen~. 

\\'hile Lawson Wilkins might not a~cept 

a~y responsihility for tlw thought that men 

mwlit ht· , •. · h · ·r · ot 
. ,..., H anng rass1eres 1 1t were n 

lor tlw supprl'ssiw effC'ct of their testos· 

tt-rone, lw should recei\'e the credit for the 

ltvpotht>sis that therC' is an insensitivity to 

a nd rogl'n present in this syndrome. H an1' 
0thers ha\'e administered lar e do of 

drogen to patients with this syndrome 

out Producing significant hair 

other virilizing manife tation • Thia 
also of the fir t th 
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oit, in all of whom androgen appeared to 

t
1
1 

, little effect. Howewr, in Case -1- the 
13\ t 
idtninistration of androgrn produced sexual 

;iair gro\\·th and significant t'Yidence of 

, iriliiation, indicating in this instancl:' a dif

ferent etiology, undouhtedb, rda ted to ck

ficicnt androgen production 

The mechanism of androgen action at an 

end organ is unknm, n. One can tlwn onh 

,peculate as to the nature nf any dl'frct. An 

inherent end organ failurc seems unlikely 

•
1
s the tissues of the various end oq~ans are 

so different hair follicles, laryngeal carti

lage, \\ olffian duct, phallus, hone, fat, rnus

d~, etc :\ ddect in steroid metabolism such 

as periplu~ral inacti\·ation of testosterone by 

conJtH_(at10n or aromatizat1on of tht A-ring 

1s possible but is not supported by any exist

ing e\'ldence ~ome factor that mediates an

drogen effect may be missing or some un

kno,rn antagonist ma) be present. \\Tith 

present knowledge one can only re,·ert to 

"nonact1on of androgen.'' 

Summary 

1. The name "testicular feminization" is 

in part a misnomer as the basic defect ap

pears to be some interference with the 

mrchanism of androgen action. 

2. It should be differentiated from incom

plrte forms of the syndrome, in which there 

is some degree of clitoral enlargement and 
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Discussion 

DR. "'11 I \RJJ :\I. ,\1 l.r.l\, St. Louis, l\fissouri. 

Dr. :\fnrris sp,•rn, to han· srnrn· ,tppn'lwnsinn 

:,linut th,· t,'rm "testindar frminization" for tlw 

,yndrc,nw II hi, h h,: has been discussing this 

ninrning. I think 11,· ,hn1 dcl applaud th<' term 

Jnd th:,t hr• should stic-k to it. 1 h,·se p1·opl,· 

dn h,11·,, t1·stl's and th,')' an· fe111ini11·d. \\'h,·n 

1h1• rliniral ')'11dror111· is '" d..tinit,· a simpl,· 

na1111. cl,·si ripti1·,· in this case·, sl't"I"<'' a 1·,·r)' 

ll'<'ful purpnsi·. Earli,·r in th,· program 11·,· sa11· 

th, :,rh-a111ag,· of n•stricting th,· nanw "T11rncr's 

11ndrnr11,·" to a s1wcific- srndrrinw for 111111 11T 

find .!5 ) l'ars lat,·r thal a sp,·cifi, rhromosnmal 

rlt'/,·,t is found in 1irt11alh all ,as,·s clinicalh 

d1Jg11<1\c·d as 'I 111nn's s111rirom,·. On th,· oth,·r 

li:,nd, ()\.1ria11 ;ig,·n,·si, ;.11,·,1111pasS<'~ otlwr '}n

rlro111,·~ 11hi, h k 11 ,, rJiff,·n·nt , lirn111osnn1al cl,·

f,., 1 

, \.1"1ll<'r ')11d1"111,• ,·q11:ill} l1iz:1n,· 1s llw 

111 a,, 11li11,• '\\fJ111.1n" 11111, ,md,·,, ,•11rfrd t,·st,•s, 

'1 ~h,,rt phall11s, ;1 111di1rl<'nt.11 }' 1 .1_~111;1. alisi·n, ,. 

,,f th,· ut,·n1s, ,111d 111ak lir,•ast5 . N'n <lit<' 11,11ild 

r,,f,•r to this s1 ndrcmw a, t,,stinil;ir fr111i11i/alio11, 

li1Jt II h<t 1Hi11id da1t• ,·all it t,·s1i, 11lar l'irilis111 .' 

11 i\ knr,11 n .is 111.11,, p~c•11d<1li1•r111aphroditism. 

I 1111·11tio11 tli,•sr• things only to ,·mpha~i11· 1lw 

fa, 1 thar tlw lr..-ario11 of llw t,.,,,.s- inlr.t· 
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]Ill. 

Io+. 

]115. 

l\l,tl1<·,h, \' 
C. K., ,u,d 
'> I I, I 9h'..!. 

· Testicular feminization· 745 

H., C11·,·11hL,11. R. H., .\ycl;,r, 

Roy. S.: F,·rtil. & St,·1il 13: 

l\l, Kusi, k, \'. A.: < >u, .. 1 Rn Biol 37: 
h'l. 1%:! • . · 

:t\Iill<-1, (). J.: P1·rs.1,nal un111T111riicatio11. 

l'disl11·1l, I). R.: AM, J ( )11sT. & ('y ,,ir 
%11, 19'.\fl. ' · '· 3 '.i: 

l\lonis, J. l\[d,.: ,\M. J. OllsT, & (;y ,, ,r _ 

6'.i: 11 'J:!, I <1°1·;_ 

Nilsson, I M.. Bn_l!1t1i111, S., R1·,t:d11 J 

:t11~l- \o\'ald,·nstro111, J: L:111n t 2: '.!bl, i'9~9· 
~unez; A. ()., Ff'r11ii11d1·1 :vt F., ,ind 

C,1_~;1hnn, A.: R1·\. cH11. 1•~pa11. 77: 'H~b, 19611. 

Pr;iclc·r \.: Sc-hw,·iz nwd. \\', hmr hr. 87: 

2711 19'i7 
S, h11ltzt· C K. F.: Zent1,dl,J. Lyn'ik ·,4: 

117·;, 19'\Ci, 

SnirTr-11, R. C.· i\rc-h Path. :iO: '.!",'J, 19-,11 

v;t·inlwrg, \\ Z. ind11kt . ,\h,1.1111111 ll 

\'Pre rl,lr·hrl' 48: 179, 19'.! 7. 

\\ riser, P. :0.frd Kli11, :iii: l'.17, 19f,I 

.'J.'J:J Cnlar Stu·t·t 

/l{ew Haven 11 Cunner/1(11/ 

abdominal or ing-uinal--does not le-ad n,·, ,·ssaril) 

to frminization. In th,, 0111· , asi· f1·lllinizatirn1 

is th<' rul,·, and in the oth,-r ,·xr,·11,·nt m.1,111-

linization. \\',· ,1·nnd1'r, thrrdon>, 11h) XY 

pst'udohrrmaphroditcs with testes can h,· lll:ts

c-ulin,· m on<' case and truly f<'miniz,·d in th,· 

other. 
Dr. Morris and his "stnuid"' hd p,·r, ha,.., 

tri<'d to l'valuale thl' ph1·norncnon 11 hich ma) 

,·...:plain the f,·minization in th,· "nclrnrn,· of 

testicular f,,minization and I suspect that th,·) 

find tlwms1•h·,,, snnwwhat frustrat,·d al read). I 

surt•l) am. Tlwir incuh,ttion, of th,· ~nn,icbl 

tis., u,·s from thcs,· ,asi's cntainh- shn1, that th,· 

gonads an· ah!,· to 1wrfnr111 tll<' s\ ntllt'si, of 

11,·11 st,•roids from lalwlt-d s(noid pn·n11,or,. 

For 1·x:1n1plt-, lall<'lt-d ...l. 11r,·g11,·1wli11,· \1.ts n111-

,·,·rt,·d lo clc-hnlnll'piandr"stl'rott,·. I hi, nw,111, 

1h.tl th,· tiss11,· II a, ,tl1lt- to n·th1t·,· tilt' ,tnoid 

nwl,·, ul,· for :.! I .-.1rhnn ,1ton1, lt1 l <i «trhPtt ,tt<Hlls. 

Lik,·1, isc·, t,·,tost,·ron,· ,1,ts ,, ntllt',ill·d, indi.-,itim,: 

that tlw \-lnd1t1,1•.l' ,ottfo,:urati"u \\,ts r"n

' ,·rt,·d to th,· :1-k,·t(l-.l I confi~urati11n pn·,1•111 in 

th,· hiologi.-:tlh ,1cti1·,·, tl,ttllralh o,·.-utring 1wutr,d 

stnoid,, stlt h ,1, prog,·st,•n111,·, rortisol, and t,•s· 

tmt,·ron,·. This hiosnlllw1i,· p.tthway i~ km,11 n 

to llt nir in th,• adrcn.tl and m·ary. Thi· authllrs 

also ha,·,· 1'\ icl1·1u-1' that lalwli·d ,·strogrn is pro• 
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dt1cc'd in thl's(' gon.ids. I am sun• that th,, tntl' 

significanc,' of tlws,• ,tudil', \\ ill ha,·,· tn await 

mon· in, 1' sti_gation of tlw normal hiosynt hcti, 

patlma1, in hoth the o,·ar) and t,•stis, hut I 

congralulat,• Dr. l\forris ,1n<l hi, associat,•s in 

th,,i,· stud1 nf t lwsi' ca"'' · 

Tlwir sin1pl,•r ,tudi,·s do 1'111phasi11·, h,m,•,·,•r, 

that th, '" ' _gonads do produn· hor1110111·s which 

l'ntcr into tlw piluitar) _gonadal balanc,·. VVlwn 

tlw gonad, ",.,.., n •mmTd, th,• FSI l 1,,,·,·ls in

' n·a"·d in ,·a, h of tlw J 11 pic ,d cas,·s. Thi s 

ohs,•n at ion d,ws not icl, ·nti fy th, · stnoicl pro

du c,•d In tlw gonad for ,, itlwr ,·,tro_g,·n or t,·s

tnst,·ron, · suppn•,s,•s tlw output of FSII and 

, a,t,·ation in l'ilhl'r "'"- n ·s11lts in an incn·asc 

m th,, s,•nctinn of FSI L Thi s obser\'alion sc<•ms 

tu c limi11 :1t1' tlw adrenal g land as a pnt l'nt 

' "lll'I'< ' ()f ,·ith<'r cstrog,·n or androg,·n in this 

,, ndronw. 

T lw m nst in triguing asp, ·c t of tlwse cases, 

a,id,, from the pseud ohC'rm aph roditic , is 1 hr 

f.tilun' of these patients tn sho\\' a ny signs o f 

,·irili,m .,ft,'r fairly protracted treatment ,, ith 

nwtlwltestost.-rorn and estrogen. Normal \\'Omen 

do show ,·onsiderable , irilism in their response 

to androg,·n to be sun', but I belie,·c it is fair 

to swte that most "·oml'n "ill be ,·irilized within 

2 months b~ 20 mg. of methyl testosterone dail}. 

Perh.1ps thP skin of th1'se people is really diffrr

, nt, and this prompts my first question. 

Does thP skin of the mons ha,·r the normal 

quota of hair fo ll icks in itJ Biopsy in this an•a 

,nu ld be a part of th l' oprration in these cases, 

an<l contro ls a n ' sure ly r radil} availabl e. 

Ha,·e yo u tri Pd 500 m g. of trstoste rone pro

p ion atP per Wf'l' k intra mu scul a r!} ' Dosr s of this 

m agnitude h an • been given to patirnts with 

can rer of thP breast. 

Do,·s thP vaginal mucosa show prompt atroph) 

aft, ·1 gonadrctomy ? 

DR. RoNAJD R . GREE NE, Chicago, Illinois. 

On,. is a 111 ays at a disadvantage in bring the 

s,•c1111d ' official" di scussant of a paper in that 

,nH' 111·, ·,·r kno11·s ,·xactl) \\'hat the first discussant 

1~ guin,!( to say. At th,· risk of rl'peatin_g what 

Dr. Allen might say, I 1111111d lik,• to stn'ss the 

fo.-t that , in 1'1:i:l, Dr. Morris 1,rnu!(ht ordn 

11111 of ;i min,,r , haos by 1ali11lating ;111d ,11111-

111ari1in~ th,· findings in all n·p11rt1·d , as,·s of 

,1 ,011diti1111 that h,· 11a11wd ' ' th<' l<'stintlar f1·111-

i11iz;1tirn1 sy11dron1,·." ln his pn•s,•111 1na11us1 ript 

lw s, ·rni;1polo.t.:i1,·s f11r , oinin!( this t<'nn. I, 

J,o,,,·,Tr, think it i, a g11od 1nm, ,inn• thi•s,· 

indi, iduals 1, ith t,·stid,·, ha,·,, h1•,·11 f1·111iniz,·d 

in 11·sp•·•·t to ,·rnhrronic d,·\'t'lopnlt'nt (alhrit im-

pi·rfrctly) as wrll as to appraran,e and 

( · lb · · h,n, · 
as an adult agam a e1t 1mprrf<'rtly:,. -ltrin 

I am most interPstPd in Dr. Mr,rri,'. d' 
. f h. . . s I\( U\ . 

of thr ctwlogy o . t ts rondtt,on. Sornr ."'•n 
a"o I had much mt!'rPst and "mw , . · ~r•al\ 

" • 
1 Xp1•r1r, 

in studrmg thl' l'flrcts of srx horrnonrs , n,,. 

,.mbryngcnl'sis of S<'xual structures. ~/~ th,. 

workers and I w,·rr vigorous prnponrnt } <.r,. 
. s of th 

dualistic th,·ory that m mammals and '' 

f 1 ' HJ[~ln 

]Jrodu«·d in th<' Na t<·st,·s causr,d rn l · 
a e l)pr• 

dc\'!'lnpnH·nt of tht· n·st of thP sexual str 
. Ucturr, 

-,ncl that frtal ova nan l'strogrns rausrd f 
' 

f>tn 0J1, 

l}' P•· d,·vl'iopmcnt. Thl' last part nf this ro 
· nrrpt 

has subsequently bl'Pn provrn to be inrorreq 

principally by Jost abr-ttrd by Raynaud, hoth 

in Franc!' , and by 1']1·gant in \'ivo and in vitro 

studi es by Dorothy Prin· of the Uniwrsiti of 

Chicago. It s<· l'm s cl!'ar that tPsticular androgen, 

probably caus,· d e\'elr1p111ent of Sf'xual strurture, 

in the male, but d r v, ·lopm Pnt in thr frmalr

( mon• or 1, ·ss pP rfr< t J ta k,'s pl are in the al,. 

s1•nc1' of ;mdrog,·ns and not due to l'Strogr-n, . 

In th ,· first thr<'r individual s prescn~rd 1)1 

Dr. Morris cithr r the em bryonic testes did n~t 

produce androg1·ns or, rnore probably, the em

bryonic structurr s wer<' un able to respond to 

the testicular androgens. Fem ale type de,·elop

ment resulted imte;1d T h e blighting of the 

paramcsom·phric or \Iiill ,,rian structures must 

have been caused by w hatel'er the embryonic 

testicul ar substanc1' 1s tha t normally has this 

effect in the m a le. T his substancr is not am of 

the kno11·n adul t type androgenic stProids. 

To m e, it seem s likelv that much of the tissue, 

of these indiYiduals, both as embryos and adults, 

is unabl e to respond in a normal manner to 

androgens. Howcl'cr, this is not the comp\et.

ans\\'er. These indi,·iduals ha.Ye absent or spa~e 

pubic hair. Pubic hair growth is a response tu 

estrogens as well as to andro_gem. Dr. Morris 

has demonstrated that the gonads of these in

dividuals produre an adequatt' amount of estro

g1'ns, and many of them arc reported to haw 

l'l'ry little dewlopment llf nipples and areoli. 

These an· also supposedly estrogen srnsitiw. 

Tht'St' fads would indicate to me that some of 

tht· tissues nf thf'st' indi\'iduals respond poorly 

to 1·str11~1•11, as wf'II a andro"ens. 
' ::, . f 

I am purposefully a\'oiding the subJt"Cl 0 

littlt· or no axillary hair, sincr it is a vrry com· 

plex s11lij1•ct involving gonad as well a adrenal 

fum tion. I am also avoiding inadequatel ... 

v1•loprd lahia minor, sinct> I am not re 

thr growth of tht>se tru tu~ 

androgen conditioned. 

. · 1, ' 
1,1 

'ri ,t 

,ff, 
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There 1, one minor point that I fed it i, 
to quibbl,· .1buut. This is the implica
there is ;1 direct antagonism L'f andro-

nt~cc~~~1n 
iion that 
,,en II hich pn',·cnts tlw effects of ,•strog,·n un 
~lt' brNSt. In the ,·xperinwntal anirnal this is 
not true. In the castrat,· or 1mn1ature mak, one 
on cause mild stimulation of bnth nipple and 
breast tissue with high dt1M'S of androgens. Thl' 
dci·elopment of a "subarenlar nnd,•" nn th,· 
breasts of a small propt)rtinn of pulwsccnt boys, 

3 , reported b, Jung and nthcrs, ha, hcl'n ex
plained as a direct stimulation (lf th,• nuncon
ditioned duct tissue to rapidh increasing amounh 
of testicular androgens. It is true that this response 
ma, he due to testicular estrogens but, if so, the 
testicular androgen, are not inhibiting this re
,ponsc. The citation by Dr. 11orris of the sup
prcssiw effect on the breast of estrogens by andro
gen, in congenital adrenal h, perplasia 1s not valid, 
,incr thi,; is an indirect effect. Nameh, the exces
,i,c adn•nal androgens inhibit hypophyseal go
nadotropim and the man is essentiall) nonfunc
tional. Apropos of this latter, I succeeded many 
years ago in producing ·'Texas-sized" breasts in 
such an indi,·idual with stilbestrol. Needless to sa), 
there "as no reduction in hirsutism or rapid!) 
de,·eloping baldness or I 7-ketosteroid excrt'lion. 

In actual fact, excluding the embr) o, I think 
there are ,·cry few, 1f any, instances of direct 
antagonistic effects of sex hormones in thr human. 
~fost of those effects considered to be an tagonis
tic are due to dPpression of thr individual's 
gonadal function. Thf' rest are compPtitive or, 
morr commonly, synergistic. 

To rrturn to Dr. Morris's patiPnts, I am 
nry willing to make an uninformed gu<'ss that 
thPir defrrt is enzymatic in nature, such that 
somr or all of their tissuPs, as an Pmbryo and as 
an adult, are unabl,· to respond in a normal 
mannn to androg1°ns and poorly to rstrogrns. 

DR. HOWARD W. JoNES, JR., Baltimorr, Mary
bnd. Dr. Morris infnn•d that it is possible to 
undl'rstand thP t1•st1c ular frminization syndromr 
if onp ass1m1rs that tlw ,tr,roidal <'X<T<'tion of 
th,, •'mbryoni.- t,·stis 1s inad,•f1uat1' to virili1.e th<' 
f(Pnitals. Th,· pmblc·111 of applyin_g this is that 
Dr. rvrorris ha, not b,•1·11 able· to d,·monstratc·, 
in th,· cas,·s h,, 1·xnr11i1wd, that thc·n· is ind,•,.d 
a df'fici,·nry of the androg,·n produn·rl. A<tually, 
In i'.J.58 and l!l.59, w,· had th,· opportunity to 
~tudy th,· 17-krtustProid ,·xn1·tio11 of four pati<'nts 
with this difficulty, but wP did not havP th,· 
'. ,,urag,· of our biochPmi,al convictions and it 
'~, indPPd, with a serN• of rl'iid that w,· hear 
that Dr. Morris found no abnormal secrPtion 
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lwcausl' in ,1111 four 1n1i,·11ts t c1· d I f . . ._ · ·, ~ U H' 1) IJ(-

tUJnatton of th,· 17-kl'to,tnoid,, 11 ,. cou ld not 
chstrngu1sh lwtw,·1·11 tlw four t,·sti,ular frmini,a
lton pati,·nts and th,· llllllllal mal,· n,ntrc,k 
,\l,o, followin_g injPction c,f human pituital) 
•·xtract ( I JC:(; ) , th,· n-,pon"· wa, a, in a nc,rnral 
111,d,·. Furtlwnnon·, tlwy fl'l'l'i\'1·d larg<- clo,r·s c,f 
androg,,n and w, · could w,t d1·111onstratr al)('rra
tion in the 1·xcn•fio11 in tlw u1 irn· from th,· normal 
mal,·. 

This mak,·., it 111•1·,·,sary to think of ,onH·thino 
othn than lack of androg1·11 a, an <·xplanati,,~ 
for thr· syndronw, and Dr. Mnrri, has suggr•,tf'd 
that end organ failurP is p,-rh;1ps thr· cxplarratic,n 
\IT srek. J--I,, rdl'rr,·d to thl' f,«·t that th,,,,. t<'st•·s 
histologi,ally dn diffr·r from r,•tainf'd al,dominal 
tt'stes. This is tnw, hut thl'n· is no charartr·n ti,: 
histologic pirtun· of tf'sticular fr.rn irnzaurm .i5 

I once thought and wrotf•. 
Dr. Morris originall} p1, rsur·d thr id,,:, that 

deficient androg,·n produninn l,,·rause r,f 3(3-nl 
dehydrogenasf' lack could Pxplam th1~ diHi111lt) 
Using a histoclwmical tt·chniqur· \\'hich d,•11,r,n
strates 3(3-ol dehydrogPnas,·, ,, , haw obtaini' d 
a positi\'c reaction on onP t,·stis from a pati,-nt 
11 ith this syndrome. \Vr, thrrdorP, ha,·,, con
firmed b) histochemical means the fact that 
in at least this one testis there was no 3(3-ol 
dchydrogenase deficiency. Thcrdorc, I think II e 

m 11st acc-ept at the present time an Pnd organ 
failure, since we cannot demonstrate an) de
ficienry in androgen production. This brings up 
cr-rtain problems but it is a better II orking 
hypothesis than the complete absence of andro
g<'ns in these tcstrs. 

I salute Dr. Morris for his presentation and 
for having thr courag,· of his hiochrmical ,·on
virtions in suggPsting this pathogenesi, for this 
condition. 

DR. ARTHUR T. 1--IERTtG, Boston, 1\fassachusetts. 
My question obviously is not going to ht' on 
thr sophisticated cndoninolog, of thi, CLmd1ti,n1 
but on thl' mort' pcdl'strian naturl' of rn,t!ign,111t 
tumors so ru111111011 in this group ()f patit·nts. 
i\r,• thq of s1·111inorna t\ p,· or i, th,·n· thl' usual 
spt'dn1111 of 111,dign,lllt tumors th.it at i,l' in th,· 
t,·,t is:' 

lh. S. Li-oN !sin~ I., l'hilad..tphia, l',·uns\ 1-
\·,utia. I rist• to ,,1\' thrl'l' thing,: I 11ant lo thank 
Dr. 1\forri, most ,in,Tn·I\ for thi, furth,·r ,. -
t,·nsion of his fascinating studv. \\',· clo knnw 
that thrrl' an· 1·xampks of g,·n,·-linkrd disturh
;1ncPs in hair gnl\\ th. If t<·stintlar feminization is 
,1 hrn•clitary disord,·r, is it not possible that Wt' 

have an rxpn·ssion of sonw chromosomal aber-
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r.1tit>11 111.11 link, lwi,· 1sr1111th 111 di,01d1·r in tlw 

!..!,l'llt' J rn folio\\ ,il1111g in th,· ,;,_1111c· ,·1•i11 "' nlH' 

111 n, . 1 r ,·111 ik."•11 ·, i11,·tLi1,1,• ( :1ti11.-s,· .,ph11, i'"": 

"] le- "h11 .1,k, qtlt'st i1111, 111.11 "·1·111 1111>1111·11taril) 

,tupicl, hut if h,· do,·, 11111 ;JSk, h,· 11·111.iins fo1-

1•1,·1 ig,1<11 ,1111." TIii' Cfllt'Sti1111 i, 1hi,: If th•· 

\liillni;111 lllhihit111_g f.11 tm 111 p11th .. ,i, h;I' on II· 

pi,·d D, i\lm,i,\ th,nkint.:, h;" h,· , .. ,1,·11cli-cl thi, 

111111 tlw .,r, ·.1 11f th, 1111111.111 11 ho h.,, J)l'I It-, I 

f,·111111i11it) hut ;111 ;,li-, ·111 111,·rns ;111d 1;1gi11.1 ;111d 

11 h11 i, '\.>..' 
D«. l\l0«1us t Cl11,int.: . In n·pl) ,., Pr. ,\lit-n\ 

q1w,ti11n, t,·st11,t1·1"11<' pr11pilln,1t1· and othl'r andro

_g, ·nir pn•p;1r.1till11s ha1<· b,·,·n ad111inist, ·rc·d in 

d""'·' up t" 1 (;m_ or nwn · a llln11th "ithout 

, ig11ili.-.111t ..tf, ..- t. Biop,i,·, of till' ,kin in th• · 

pubic ,m•.t du ,h"" th,· pn·s.·nn· "r hair follicle,. 

I'h, unilatn.tl a hsi·n .- ,· "f y11h-ar hair in a frmal, · 

, arri,·r n ·p<1rt<'d h) ( ;a) ral and rn-11·ork, ·rs sug

g, ·sts, h" 11 ,·n ·r, th a t th, · , it,· of non a rtion of 

.,ndrng,· n is at th t• l'nd "rg.1n . 
Dr. (;n•,·n,· ra isi·d th, · qtll'Stion (Ir \\ h,, tJwr 

cstrngen cauSt·s st•xua l h.i ir g ro11 th. I II nulcl 

ratlwr d11ubt if it does, although :.\Iarsha ll an d 

1 Lird, r re pnrt,d s•Jmr inn,':is,' in ha ir .,ft,'r 

t1>11juc:-;1t, d ,• ,trog,·n aclmin i,trat i<111 I t i, P"ssibl ,· 

lh ,u th1 rati,1 nf andn,g1·11 to e\lrngl·n in produt

in~ " ' ' 011d,1r1 " ' '- !'ifl', ts m~,,· 111 ak,· , d i!T,·n ·nc,· . 

...... ,."' .... 
Arn. J. 01 ' I I 

~, .,. "f' 

l)r. I [t-rt ig ask,·d ali1111t th,• 1) P" f 
. I• " 111alio 

111111"r' st·,·11 111 1 11, ') 11dr111111•. Th,•r,, 
1 

""•1111 

111,dig11ant "' r!H'IH>l,bst(lllla, t l1•ratll111.,, l,a,.' 
olar cani11"111a, and I s,t1T<>111;1. ~1,,,1 h JI\, .. 

· · I - . ' '''" 1·v 
\\TJT t'la,s1f14•< as .._,.1111110111a, or d)M-'t· . 

1
·1, 

~ rr1t1111,1n· 

S11rh nanlf'S as 11,·111,-r <l'll lt1111<,r g, ••\. 
. . . . , . incw~ h,11-,· 
. nd clysg,·tl<'ll< go11<1cln111,, ha,,· al,11 I 4

, 
d . . _ . H'l'l) ~Ile, 

.. ,.,t,·d. f Ilk,· th,· l<'flll l/,ITllll)Hl!l)'1 I . . ,· 
,--., . l )( { i.111\1' 

i, ,i 111 pkr than th•· oth<-rs. 
1
1 

l)r. Israc·l's q 1wstHn1 11'1/,,trdin!( the· 1 ,.1 
.. . I l1lHm. 

,hiJ> of l\lull,·nan rnhi iiting f,11 lnr t,, th. I 
f d J\t'flf f• 

0
f th,· ut,•nJS 111 thl' f,·mal,· I ,., 1111 ,,1 . 

dll\\\iT 

i>,·causi· h,l\T 111,t rlon,· a111 llork • 
, "' th· 

li.-ld. It Ill«)' lw " P""ibilit) , but thi, ""ui',~ 
!lilt ,·xplain th,· fn·q1w11t I onr-0111itant 1,·nal 

tllal formal ion'· 
I am happy to h,,,·,· Dr. Jonr-s\ rr,rrnl,,,1 .. 11 . 

( l\"t• 

hndings. Unfortunat<'h, "'' ha\r- \'I'!"\ Ji'ttl · 
.. . • (' in 

th,· 11·ay of \ ',,lut ·s in th, · nr,rmal rnak l<> U>1n. 

pan · \l'ith th, · \· ,,lw•s nbtairn ·d in this S1ndr11ni,· 

,·s1wci a lh gonacbl Y< in lilr,ocl , ti , s11,· r,mt,·iit . 1' · ·· · , anr 
i11 r 11ba tion st 11di, s Th, 111 ,dr- s,·,·ms tn h,· ninn• 

n ·ltt< ta n t to p;irl II ith a slic,• of th<' gnn.td than 

th, · ft>ma l, 

In n trusp,·, t, there- .tr•' ddPct s in th,, plan nf 

th i, st11 d y lie ausc "" ,rnt i, ·ipatc' d finding ,1 ddPrt 

in hnn,11>111_ "nthl i , due t n ?i /3-"l dPh,drng,·nav• 

J;i , k .,11d \\t' ct1d llC. f11rl it. 
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