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“TESTICULAR fteminization” is a term
suggested some years ago for a hereditary
wndrome characterized by individuals with
testes who present a female phenotype.’
No entirely satisfactory explanation has as
vet been offered for the completely female
lrn*ogenit&l sinus derivatives, the lack of de-
velopment of both Miillerian and Wolffian
duct systems, the female secondary sex char-

acteristics, and the scanty or absent sexual
hair.

The name has
been criticized as inappropriate. It was not

“testicular feminization”
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
o point out that it was not so rare and
unusual as earlier authors seemed to think.
Furthermore, evidence from castrated cases
suggested that the testes were, at least in
part, responsible for the feminization. A
umber of other names have been suggested

mcludmg “feminizing testes,” “hairless women

With testes,” 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 1deal.

Complete and incomplete syndromes

T'he syndrome has been somewhat con-

fused by the fact that the name has been
applied to certain types of cases which are
“testicular feminization”

not as originally

described. Most frequently included are cases
in which clitoral enlargement or a phallus
1S present. In the complete syndrome the
clitoris i1s normal or small. There is no ques-
tion that patients with minimal clitoral en-
largement present a closely related entity,
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 1s that the secondary sex charac-
teristics even with slight enlargement of the
clitoris are unpredictable. They may re-
semble the syndrome under discussion (and

in such instances probably have a similar
etiology),'® 7 7% 1% they may be essentially
male,”™ ** they may be intermediate with
sexual hair and breast development,”* or
they may have no hair and no breast develop-
ment. ™ **

A second, and perhaps more significant,
reason for separating cases with clitoral
enlargement is that while both syndromes

are hereditary, the complete feminization
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syndrome and the syndrome with clitoral males. Hauser,*® in his excellent review,
enlargement do not, as a rule, occur in the lieves it is 10 times higher than PW -
same family 8 FLU“tht*l‘IIlﬂlig in the [Pa- estumate of 1 20 000 and Netter and na
tients with clitoral enlargement, there may workers* claim that 15 to 20 per Cent

;I’

e

be 1nstances of varying degrees of genital intersexual individuals, with other thap W

abnormality in mumiwrs; of l‘hhf:. same family. nadal dysg’fﬂ'nﬂm are cases of this SYndm

For example, Kénig®™ reports a case of a The diagnosis should be considered i the

family in which one child had a 1.5 cm. female child with inguinal hernias, espccmﬁy

clitoris the thickness of a hnger, another if the gonads are present; in P“mal’y amern-

had a 2 cm. clitoris, and a third had hypo- orrhea, especially if Lixamlﬂ‘atlon fails g

spadias and cryptorchidism. reveal a UieriaR; and in pat:‘uents with ap

Thus, on genetic grounds, because sec- absent vagina, with absent axillary or pubje

ondary sex is 1';11‘ia51t_“, and because the hair, or with germ cell tumors.

cenital abnormalities may vary with gradual Because of the fact tbat many of Ehese pa-

progression to hypospadias, cases with cli- tients have a weakness 1n the abdo'mmal wall

toral enlargement should be considered sepa- in the inguinal area, a Pfannenstiel incision

rately. Prider'®" and Nuanez, Fernandez, and is, perhaps, preferable to facilitate any re.

Casabon'" have suggested that such cases, pair necessary or to expose any gonad lying

when associated with female secondary sex in the abdominal wall.

characteristics, be called “partial” or “in- A brief summary of three additional cases

complete testicular feminization.” of the “complete” form of the syndrome

is given below, as well as one case which
Incidence should probably be considered an “incom-
To the 82 cases previously collected,®® plete” or “partial” form (Fig. 1)

an additional 99 cases "1"r;pf:r:ri:m3d_ in the litera- All 4 patients presented female phenotype,

ture (plus doubtless some inadvertent omis- sexual characteristics, and psychological ;

510ns) appear to meet the criteria originally orientation. All were chromatin negative, ‘

described.’"™ This includes only those with karyotypes on blood samples, and were XY {
histologic proof of the testes and those old (kindness of Dr. Herbert Lubs). Intravenous ‘
L-'.r'_!_fi'.-'uI{_f;‘_'l*_l_ for ri‘,ti'r:'{’_.rflt:]é:r.l'*}-” sex characteristics to ]J)-’tﬁ'logl“alllﬁ WCEIC I‘lOl“IﬂaL and X-Irays of the i
have had an opportunity to develop. These pelvis were interpreted as gynecoid.

are probably unnecessary restrictions as a In the first 3 cases the external genitals
chromatin-negative “female” without a uter- were of adolescent female type with small

us 1s almost surely an example of this syn- clitoris and undeveloped labia minora, shal-
drome. If prepubertal cases and those in low vaginas approximately 4 to 5 cm. in
which there was no biopsy are included, the depth absent uterus, and intra-abdominal
number 1s significantly greater. “testes” which were removed by operation.

The actual incidence 1s difficult to deter- There was female breast development but
mine because in many instances the patients only insignificant axillary or pubic hair. The
have no symptoms other than amenorrhea. postoperative administration of 20 mg. of
Considerably more than half of the reported methyltestosterone daily (in conjunction with
cases had hernmias or inguinal gonads. The estrogen) for periods up to 8 months pro-
true incidence of hernias may be lower, duced minimal if any change. A
since those without hernias may have escaped The fourth patient differed shghtly f
medical attention. Inglfinal hernias are con- the others. The external genitals appeared
siderably less common In young oirls than in temale, but the clitoris was at w

| boys, and ovarian hernias are even rarer. limits of normal, rather th:
Based on a study of hernias in apparent a rather large fmmxlum The distance be-
4% females, Jagiello and Atwell*' estimate the twean chtm‘m a.nd a patu P S, e
} prevalence ol the syndrome as 1:62 400 Sl
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734 Morris and Mahesh

high, and on opening this area by operation
a small 5 c¢m. vaginal pouch was encoun-
tered. The gonads were quite small and at
the time of operation were found in the
abdominal wall only by following the go-
nadal vessels.

A tfurther difference was that she had
less in the way of female secondary sex
characteristics. Pubic hair growth in ado-
lescence appeared to be related to exogenous
hormone administration, and this also 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. (Referred by Dr. Paul
Drucker) aged 21, had sisters aged 27, 24, and
18, and no brothers. Although the patient and
all three sisters allegedly had occasional men-
struation, a letter from 1 sister indicates that
all probably have the same syndrome and are
without menses or sexual hair. The mother’s
brother and 2 sisters plus the maternal grand-
mother’s three brothers and 2 sisters were ap-
parently normal, although 1 of the latter was
childless. Breast development occurred at 15.
Laparotomy and gonadal biopsies 6 months prior
to admuission showed testes. The patient was mar-
ried with active and satisfactory sexual relations
in spite of a shallow vagina. She weighed 123
pounds, was 6672 inches tall, with a span of
6638 1inches. Color vision was normal.

Urinary steroids (mg./24 hr.): 17-ketosteroids,
19; 17-ketogenic steroids, 11; pregnanediol, 0.8:
and pregnanetriol, 0.4. Creatinine excretion, 945
mg. per 24 hr, F.SH, > 15 « 7 NE{NIE per
24 hr.

Case 2. P. L. (Referred by Dr. Virginia
Stuermer), aged 18, had one brother and 2
sisters ages 14 and 11 who were, apparently, nor-

mal. Maternal family history was negative, The

maternal menarche was at 13 years with sexual

normal hair. Left inguinal hernia repair was
done at 5. Breasts developed at age 12, She
weighed 145 pounds and was 70 inches tall with
a span of 744 inches and shightly cunuchoid
build. Color vision was normal

Urinary steroids (mg. /24 hr.): I'7-ketosteroids
15; 17-ketogenic steroids, 1.9: pregnanediol, 13}
pregnanetriol, 0.5, Creatinine excretion, 1,19‘4,-»

normal and two half-brothers by

second husbhand. Maternal sexual hair wag
mal with menarche at 11. The mother and M
half-brothers showed moderate red-green a '-
blindness. The father remarried the mothers
sister, who was normal. The two uncles were
normal. Right inguinal herniorrhaphy was per-
formed at 11. The breasts developed a year or
more later than her classmates’, but final ep.
dowment was generous. The areolae were large
but the nipples small. In spite of insignificant
sexual hair, forearm hair was slightly increased.
She weighed 159 pounds and was 68 inches tal],
with a span of 71 inches. She was partially
red-green color-blind.

Urinary steroids (mg./24 hr.): 17-ketosteroids,
21; dehydroepiandrosterone, 5.3; etiocholanolone,
5.3; androsterone, 6.0; 1l-ketoetiocholanolone,
1.8; and 11 B-androsterone + 11 B-etiocholano-
lone, 0.4; 17-ketogenic steroids, 5.5; pregnanediol,
1.6; pregnanetriol, 1.2. Creatinine excretion,
1,219 mg./24 hr. F.S.H. (M.U.U./24 hr.) pre—
operative > 13 < 52, postoperative > 208. =

Case 4. P. S. (Referred by Dr. Louis Clai
borne), was aged 19. Both the patient and hﬂ
mother were only children. The maternal
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menarche and sexual hair were normal. She had

e
e ..._.

two great-aunts with children, one without
one great-great-aunt was thought to be amenor-

rheic. Plastic procedure was performed to the

genitals at the age of 5 (7 separation of la
fusion). At the age of 15 there was only ques-

l# "

tionable commencement of breast development
with slightly enlarged nipples but no glandular

A

tissue. There was no axillary hair and insigr |
cant pubic hair. The patient was placed on 10
mg. ot methyltestosterone and 125 me
conjugated estrogens (Premarin), and within
30 to 0 days there was sudden erowth of pubi
hair%ﬁough no axillary hair

was no further hair growth. B:

Ly

: E a y e wifil RO RN e S <3 ;:'-'_‘:--:r_-: B g

25 U rfq.'....q---'r. i e
5 - e i PR L e W
reached a heinle i Sies
. - | Fal & | 1t Ty " S d |;1I | ] |_|’.= Y- o SRR : ,

i - i = = h. N N e v v r 2 ~| .! I. :|,__.|_I-._ -I- ._‘.l._ 17 ] ! .,: | fi , |:| Il = N 1 'II' : 'I : s
70 - . g " a I',_Ir e Fu. .'-'.: :.-a'.---:.":':_. |

4 3 i P = i ik
o 2. s SO | ' - 1. s = ___:..-_I_ i_ v

T mm* ._..!I ‘{! AT E . '1".':"- el 1 .'r.. ;'.I+ " |.I . ! - ;
N : I 1



=
Pl o
C N

“Testicular feminization” 735

hr.): preoperative > 104 gonadal nerves in much the same fashion

rative > 208. that the hilar Leyd;
4o - _, ydig cells of the
twply this PRUSNG VS placed on encountered (Fig, 6). ovary are

thyltestosterone and 2.9 mg. of 3 Th
: ST |
daily, the same dosage as ay-be areas of nonspecific fibrous
stroma resembling ovarian stroma (Fig. 7).

In some instances this has been such a feature
that the diagnosis of ovotestis has been

an) MB- 1.
i ated estrogcenns ‘
%N hers. che failed to keep several appoint-
thta % the [61‘ check-ups, but on her own renewed

%w ﬂ'lleltlzl.twscfiPtiom- \*W}en 5:3(:1'1 / llnonths la'ter 4 e
h}, qﬁ ' 8 [htrc was acne and sllgl”.ll' facial hair, d(‘-‘tj‘li’eﬂlljlg 'C'n_Sl L_Ie(:. There are, ho?rvever, no follicular
q h&! [};tlthf‘ voice, axillary hair, abundant 'puhlc hair, derivatives PI:(?S@HL, and 1in some places im-
1tayﬁarpﬁ‘ . ;]nd Jefinite clitoral enlargement (Fig. 2). ?ba}‘gf Leydig cells are present among the
w:}’il ;’ | o & 1 nuri : IOd *aStbil The;e ovarlanhke- areas are not
N E-]afe:.‘ ' Morphology e e | Otglﬁ ll’;{t e ;,ldn t?‘sc.ended testis. |
"ng;:.lﬁfin; While the *ﬂcjza b‘ 11;1 ‘t }51?‘)’1}1 rﬂb@me are thl- f O*I‘.lal bmff;n:, wbolr}r}las' written
I“lch Ea.;,ﬁ sually describe abﬁ ell‘}g 51111’11 ar to un- El'Ll 011tat1ve3.f on the testis,’”® kindly re-
Sy Jescended  testes, there appear to be some viewed the slides of these gonads. He con-
pahja”; b Jefinite morphologic diftferences: cluded that these gonads were “histologically
" { The tubules seem to resemble those of distinguishable from undescended testes 1n
*'a;:ﬂidi . f;(;mgide1"abl‘_{fI less mature teﬂstls th‘an.v{ould ma%es of the sapie age. Lt may not be
L'ingj% be expected from the age Cft the_ md%wdual e.nt{rely correct, therefore, to classity these
Chm“ﬂa (Fig. 3). Tht?y are -otten indistinguishable pa::ments as bonaﬁ fide male pseudohermaphro-
oy from those found in tubular adenomas. dites, as there is, apparently, some element
[:f:t?ﬁf . While such Hfﬁ)dl:llﬁ‘S are found 1n the un- of g'on.adal dysgenesis present. However, the
Y descended testis, 1n this age group the unde- testis in some other forms of male pseudo-
é[;apre' «cended testis shows a predominance of hermaphroditism may be slightly.atypical.
(. | tubules containing app‘amnt‘ly mature Sertol Furthermore the mf;n‘plflolcigm differences
d her cells (Fig. 4). One might further expect to seenn may be an ado'lfaan:en‘t change, as the
terng encounter some germ cell development, which prepubertal gonad 1n iihlfi syndrome re-
¢ had is rare in this syndrome even when the sembles a normal prepubertal testis.
- and gonads are extra-abdominal or labial. The The effect of hormones on the develop-
onr- tubules vary and 1in some instances may be ment of gonad itself 1s not well understood,
the considerably more developed than those il- but observations, such as that of Burns®™
bial lustrated. Electron microscopy of the gonads that estradiol may induce sex reversal of
s in Case 3 by Dr. Gerald Gordon and D the morphogenesis of the embryonic testis
el Klaus Bensch®' showed the fine structures in animals, suggest that some of the ab-
W 1| (o be similar to those of the fetal testis. The normalities noted in the structure of the
A tubules appeared to be lined principally by gonads of testicular feminization might be
0 primitive germ cells with some Sertoli cells on an endocrinologic basis, such as an an-
f’f present. : drogen defect at puberty. However, as the
fm 9 A second feature is the Leydig cells, oonad is also the probable source of hor-
: mone in question it may be a httle hard to

which may be absent or replaced by rather
heavily collagenized interstitial tissue 1n por-
tions of the gonad, only to be found in large
aggregates to the exclusion of other oonadal
elements in other areas, particularly near
the hilus of the gonad (Fig. 2}, Often the
undescended testis at this age will show an
increase in Leydig cells, but not to this
dEgree and, furthermore, one does not en-
counter such broad expanses of the cells.
Leydig cells are also found along the meso-

know which 1s cause and which eftect.

Incidence of neoplasia

The incidence of neoplasia in these gonads
'« difficult to ascertain, since the majority of
cases reported in the literature have only
eached their late teens or early twenties, and.
furthermore, in considerably more than half
of these the gonads were removed. Only 1
malignant tumor has been reported among
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Fig. 3. Testicular tubules

Fig. 4. Tubules in undescended testes of otherwise normal 19-year-old male.

Compare with Fig. 3. (¥300.)

teen-age patients, and 2 malignant tumors in
those in their twenties, but in the 50 reported
cases 30 years of age or older there have been
|1 malignant tumors, chiefly germinomas. In
addition there were 15 tubular adenomas
(up to 24 cm. in diameter), and 10 cysts
large enough to be an indication for opera-

tive intervention.

This 22 per cent incidence of e
tumors is obviously abnormally high becai®
I many instances it was the indicz i

attention of the physician.

allowing for this fact, the incidence.

plasia appears sufficient to continu
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Fig. 6. Extragonadal hilar Leydig cells surrounding nonmyelinated nerve

(Case 3). (%300.)

Genetic aspects

The syndrome 1s hereditary with trans-
mission through the maternal line. The car-
siers are usually normal females, but de-
creased axillary or pubic hair has been
hoted in otherwise apparently normal moth-
grandmothers, aunts, or sisters by a

tution therapy after secondary Sex charac-

teristics have developed.

The nodular appearance the gonad may
take 1s illustrated 11 Flg’ B e o met
always present, but it may be difficult to
decide whether some nodules represent ade-

nomas or not. Crs,
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Fig. 7. Area of nonspecific fibrous stroma (Case 1). (*

Fig. 8. Gonads and rudimentary uterine enl
Note nodular appearance of gonad.

number of authors,'?: 34 43, 56, 64, 97, 102 ] 40
menarche has also been mentioned as a
familial trait,” 54

Jacobs and associates,* Lennox,* Puck,
Robmson, and Tjio®* and subsequently
others have found the chromosome comple-

ment 1 cases of this syndrome to be XY.
While the karyotypes of the four cases n

age¢ removed from Case 3

300.)

as kindly sent slides from a pair of id

| ., il gk

fe&tures of the syndrome o
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e g
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ssibly, an XXY constitution. If chromo-

blood group anti
;;;'r. e complements other than XY are asso- P gen X", which is X-linked,

in relation to testlcula,r ferninization. In a

"@ted with the same clinical picture, it family with three affected and one unaffected
- yould suggest that this syndrome may be male there was one crossover
~ pasically a hereditary endocrine defect rather These observations suggest 'tha.t s flafeds
~ than just a form of male pseudohermaphro- causing testicular feminization is either suf-
ditism. Furthermore, the absence of sexual ficiently far removed from the genes' .
hair noted in female carriers above, sug- color blindness, X, blood groups, and hemo-
gests that the female may be aflected by philia to permit frequent Crossing over, or
the same defect to some extent. that the condition is autosomal.
Reviews of the hereditary features of
this syndrome, notably those by Lenz*" and Endocrine aspects
Grumbach and Barr®* have pointed out the Endocrine studies performed on patients
fallacy of including only those pedigrees with this syndrome have in general shown
that have more than one case of the syn- normal or elevated levels of urinary keto-
drome. This leads to the false presumption steroids, normal male or female levels of
that these are more affected than unaffected urinary estrogens, cornification of the vagina,
males. For example, in available reports and normal or shghtly elevated gonado-
there are a total of 351 siblings, of which tropins. With castration there has been 2
159 are female, 70 are male, and 122 are fall in ketosteroids and estrogens, a decrease
this syndrome (excluding 27 children who in vaginal cornification, and a rise in go-
died in infancy). In families with only a nadotropins indicating at least in part a
single case reported there are 146 siblings, oconadal hormone source. Similar findings
65 females, 39 normal males, and 33 affected were encountered in the cases reported in
males. Using such statistical methods as this paper.
those of Weinberg!®* or of Levit® the ratio Clinical evidence of androgen secretion 1s
of female to male to affected male approxi- usually present when urinary 17-ketosteroid
mates 2:1:1 leading to the conclusion that values reach 15 to 30 mg. per 24 hours or
this syndrome is either an X-linked recessive more, but in the complete form of this syn-
trait or a male-limited autosomal dominant drome in spite of such levels there 1s a lack
inheritance. of androgen effect. Among the possible ex-
In differentiating between these two possi- planations that might account for this dis-
bilities, hereditary studies in relation to crepancy are:
such sex-linked defects as color blindness or 1. An inability of the gonad to produce
hemophilia gives some suggestive evidence. androgens of high biologic activity, such as
Nilsson and associates’® reported observa- testosterone. This might be caused by de-
tions of a sexually normal male and an ficiency of enzymes such as 3f3-ol dehydrog-
~ apparent case of testicular feminization 1n enase or 17B-hydroxysteroid dehydrog-
 the same set of siblings, both exhibiting enase.
henmphlha A, and Stewart® made similar 2. An accelerated metabolism of andro-
ﬁhservatmns of independent segregation in gens to inactive metabolites, or a rapid con-
- pedigrees with color blindness. Case 3 had version of androgens to estrogens at periph- 5
md-green ccalor blmt:lness. Her two eral sites such as the liver and k1 Iney

same  defect, 3 End argm faxlum tf)
mt&r hMl mal mlm wﬁm Arogens ndrogen inser
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Table I. Steroid content of gonadal venous

plasma
Gonadal
venous plasma Case | Case | Case
(pg per 100 ml.) R i J Case 4%

Dehydroepi-

androsterone 3.6 L7 3.9 Not de-
Androstenedione 0.9 3.8 .7 tectable
Testosterone < 0.4 /e 0.2 all
Estradiol 0.4 1.9 0! values
Estrone o« L2 .18  Qogn . a1

*On dexamethasone and chorionie gonadotropin.

secretion of the gonads in this syndrome, a
detailed study was carried out in the 4
cases presented in this paper. This included
determination of gonadal steroid content
(Case 1), gonadal venous plasma steroids,

in vitro incubation of gonadal tissue with
radioactive precursors, steroid secretion
rates, and estimation of some peripheral
plasma steroids.

After certain baseline wvalues were ob-

tained, Cases 1, 2, and 4 were placed on
dexamethasone (0.75 mg. three times a day)

for adrenal suppression and 14 days later
chorionic gonadotropin stimulation (10,000

intravenously at bedtime) was carried out
for 6 days. Studies were then carried out I
week postoperatively with the patient still
on dexamethasone.

Study of the steroid content of the gonad
and in vitro incubation studies with gonadal
tissue and radioactive precursors i Case 1,
as well as determination of the steroids in
the gonadal vein plasma in all four cases
was carried out by one of us (V. B. M.),
employing procedures similar to those used
with polycystic ovaries.”* ™

The gonads in Case 1 contained 2.9 ug
of dehydroepiandrosterone and 1.2 pg of
A'-androstenedione per gram of tissue. De-
tectable amounts of testosterone and E’stmu
gens were not present in the

b"f the Prﬁi nce of very s ein
sible contamination wﬁh
The results, nevertheless, mw m
of significant levels of free det .. r*
drosterone and androstenedione, 1; #‘
nterest to find 2 high level of
in Case 2 and mgmﬁcant amcmnu, m @
9 The level of estradiol in Cases 2 and
compar able to that found in normal f =435
around the ovulation peak.” Small quanti.
ties of estradiol were also found in Cage £
and estrone in Cases 2 and 3. In Cage 41
the variant of the syndrome, the vem
plasma did not contain measurable ammmu
of free steroids although the minimal de-
tectable amount (because of available &
plasma volume) was 0.6 pg per 100 ml.
The in vitro incubation studies in Case 1
show a good conversion of various precur-
sors to testosterone, which goes beyond the
range found in the normal ovary and may be
within testicular range (Table 11). This 1s
in agreement with the findings of Gnffiths
and Grant,”” who, however, only incubated
with A-4 precursors. Furthermore evidence

of aromatization of ring A of androgens to
form estrogens by the gonads 1s also present.
Secretion rates being performed by Dr.
Raymond Vande Wiele on Cases 1, 2, and
4 and gonadal imcubation studies on Cases
2, 3, and 4 by Dr. Nathan Kase, which wﬂi
be published separately, suggest that m
Cases 2 and 3 there is very
testosterone production in the male ra
while in Case 4 the gonads appeared rela-
tively mactive.

Determinations af tm
ketosteroids in
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¢ 1I. Incubation of tissue slices from the gonads

ar mws ol various radioactive precursors
Dehydroepi- ' TR o
| - P At-Androste- b el

Ab-Traghimee androsterone Progesterone nsﬁfm& TS e
e O 4-C1i_ Gow TS S0

Mnabahtt (per cent con- . e SRe
persion per gram of tissue) C
17:!-Hydmxypregnenolone 18.8 a

Dehydroepiandrosterone 7.6

Progesteronce
| 7a-Hydroxyprogesterone 23.b
At Androstenedione 2.8 9.6 6.8

Testosterone 0.4 0.8 0.4 | o
Estrone ().05 0.25 .08 0.6

E,_stradiql : = Mf).()ﬁ % O:}_ .08 0.8

» + - El L ] -.;. &
o paliaboinl i et

Table I11. Peripheral plasma steroid levels

Peripheral plasma (pg per 100 ml.) ‘ Case 1 | Case 2 | Case 3 | Case 4

Baseline period
Dehydroep.androsterone-S0), 0]

85 154 47 0

Androsterone-S0,
13 163

Cortisol

Dexamethasone suppression

Dehydroepiandrosterone-S0), 88 147
Androsterone-SO, i) 73

"Cortisol e 4 4

Dexamethasone and A.P.L.

Dehydroepiandrosterone-SO, 82 109
Androsterone-SQO, 42 91
Testosterone (0.085

Castration (on dexamethasone)

Dehydroepiandrosterone-SO; 34
Androsterone-SO; L 40

o
41

Castration (no dexamethasone)
432

Dehydroepiandrosterone-50);
Androsterone-50; 15 :
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certainly no qualitative defect 1n h?rmone
output. The A-4 compounds occur 1n sufi-
cient quantity to rule out a 33-ol dehydrog-
enase deficiency. The findings of testoster-
one in the gonadal vein plasma indicates the
presenges or the 1 7B-hydroxysteroid deby-
drogenase. The aromatization of the A-ring
to form estrogens appears normal.

[n view of the limited number of studies
of this nature carried out on normal ovaries
and normal testes, as well as undescended
testes, it is very difficult at this stage t‘D
compare these gonads either with the testis
or the ovary. The studies presented 1n this
paper show that the gonads in this syn-
drome are capable of producing significant
levels of both androgens and estrogens of
hich biological activity which compare fa-
vorably with both the testis and the ovary.
There may, however, be variants of this
function as shown in the incomplete form
of the syndrome (Case 4) which was widely
different by the above mentioned criteria as
compared with Cases 1 through 3.

Comment on etiology

There is strong evidence that this syn-
drome is a hereditary endocrine abnormal-
ity, essentially related to a lack of androgen
effect. This is borne out both 1n the abnor-
mal embryonic development and 1n the ab-

normal secondary sex characteristics.

In fetal life deficient androgen effect 1is
indicated by the fact that the urogenital
sinus development is female, and the Woll-
fian duct system fails to develop. The male
development of these structures 1s androgen
dependent, and they will be female in the
absence of androgen, as has been shown by
the studies of Jost and others®® on the ef-
fect of castration of the male fetus in utero.

As androgenic steroids do not appear to
inhibit the development of the Miillerian
system, the absence of Miillerian derivatives
in this syndrome must be explained by the
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inhibiting factor which prevents

velopment of uterus in the normal

':"i.',-_| b B Ty

tively inactive' gf:ma,ds fram the enge
point of view if 1t were not for the appe N
ance of certain female characterig t1c5 . |
flecting estrogen production. That e R ¢
rather than some extragonadal source c m_
sponsible is borne out by the fact thgay suc}-l

secondary se€X development dt?es not 1),
place after prepubertal castration 50

While it 1s obvious 'th‘at such female -
ondary sex characteristics cannot de‘velgp
without estrogen, jchey are not necessarily
‘hose of an excessive estrogen output., Py,
example, the labia minor are invariably

emall. The mipples are frequently underde.
veloped, and the breasts contain relatively

little glandular tissue. In some 1nstances the
build is eunuchoid and the pituitary gona-
dotropin somewhat elevated.

Instead of postulating excessive estrogen
secretion then it seems quite possible that
in the presence of normal or only shghtly
elevated amounts of testicular estrogen it is
chiefly the “nonaction of androgen” that
results in these sometimes rather impressive
secondary sex changes. The mild androgen
defect seen 1n such conditions as Kline-

P | Y
g '-.I':.?:'-'I :

felter’s syndrome may result in some breast
development and suggests that this may be
possible. Better evidence that androgen does,
in fact, suppress estrogen effect is seen In
congenital adrenal hyperplasia. In untreated
cases the androgen formed by the adrenal
may prevent breast development and other
female secondary sex characteristics in spite
of the presence of ovaries and of zer
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a1l of whom androgen appeared to
ile effect. However, in Case 4 the

ation of androgen produced sexual
hair arowth and significant evidence of
cirilization, indicating in this instance a dif-
ferent etiology, undoubtedly related to de-
feient androgen production.

The mechanism of androgen action at an
end organ s unknown. One can then only
speculate as to the nature of any defect. An
‘nherent end organ failure seems unlikely
.5 the tissues of the various end organs are
<o different—hair follicles, laryngeal carti-
lage. Wolffian duct, phallus, bone, fat, mus-
cle, etc. A defect in steroid metabolism such
as peripheral inactivation of testosterone by
conjugation or aromatization of the A-ring
is possible but 1s not supported by any exist-
ing evidence. Some factor that mediates an-
._ drogen effect may be missing or some un-
%  known antagonist may be present. With

-~ port; 11
have lit
4dminist

present knowledge one can only revert to
‘% “nonaction of androgen.

I |

¥ Summary

i |. The name “testicular feminization’ 1s
‘! in part a misnomer as the basic defect ap-
@ pears to be some interference with the
' mechanism of androgen action.

! | 9 Tt should be differentiated from incom-

plete forms of the syndrome, in which there
is some degree of clitoral enlargement and
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Int
ork
Discussion
o Dr. WiLLarp M. ALLEN, St. Louis, Missouri.
- Dr. Morris seems to have some apprehension
about the term “testicular feminization” for the
~ syndrome which he has been discussing this
L ’ morning. I think we should applaud the term
. and that he should stick to it. These people
L | do have testes and they are feminized. When
- the clinical syndrome is so definite a simple
- name, descriptive In this case, serves a very
| useful purpose. Earlier in the program we saw

the advantage of restricting the name “Turner's
: syndrome” to a specific syndrome for now we
A find 25 years later that a specific chromosomal
| defect is found in virtually all cases clinically
diagnosed as Turner’s syndrome. On the other
hand, ovarian agenesis encompasses other syn-
dromes which have different chromosomal de-

fects.
R Another syndrome equally bizarre is the
- | Mmasculine “woman” with undescended testes,

4 short phallus, a rudimentary vagina, absence
of the uterus, and male breasts. No one would
refer to this syndrome as testicular feminization,

=
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abdominal or inguinal-—does not lead necessarily
to feminization. In the one case feminization
1s the rule, and 1n the other excellent mascu-
linization. We wonder, therefore, why XY
pseudohermaphrodites with testes can be mas-
culine in one case and truly feminized in the

other.

Dr. Morris and his “steroud™ lielpers have
tried to evaluate the phenomenon which may
explain the feminization in the syndrome of
testicular feminization and I suspect that they
find themselves somewhat frustrated already. I
surely am. Their incubations of the gonadal
tissues from these cases certainly show that the
conads are able to perform the synthesis of
new steroids from labeled steroid precursors,
For example, labeled A" pregnenoline was con-
verted to dehydroepiandrosterone. This means

that the tissue was able to rveduce the steroid
molecule for 21 carbon atoms to 19 carbon atoms.
Likewise, testosterone was synthesized, indicating S *%
that the 3-hydroxy-A® configuration was con-
verted to the 3-keto-A' configuration present in

he biologically active, naturally occurr
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| duced in these gonads. I am sure that the true perfectly) as we}l as 10 appearance and fyp, . ;_;-
significance of these studies will have to await as an adult (agaln albelt_ 1mPel'feCtly). “eling
more anvestigation of the normal biosynthetic 1 Em n:i{:];n;tezefﬂf}?i ;“CE;;HB:'IWTWS dismmun ¥
pathways in both the ovary and testis.: but 'I of t Ie h‘;d mguch Wt 0. Somg Year
8 congratulate Dr. Morris and his associates in ago : “OIE &Ry
! their study of these cases. in studying Fhe effects of sex hﬂrfnones Oner:{;&
i Their simpler studies do emphasize, however, embryogenesis  of sex-ual Structureg, My r::
it that these gonads do produce hormones which worker:s and 1 were VISOTOUS proponents of th;
enter into the pituitary gonadal balance. When dualistic t‘hf’!OTY tfhatl N mammals, androge,
the gonads were removed, the FSH levels in- produced 1n theheta tes*ftes caused mg)e type
creased in each of the 3 typical cases. This development of t e.rest of the sexual Structyre,
observation does not identify the steroid pro- and that fetal ovarian estrogens caused fﬂmale
duced by the gonad for either estrogen or tes- type development. Lhe last part of this Concepy
tosterone Sul)]')fESSf's the output of FSH and has subsequently been proven to he INCOrrecy
castration in either sex results in an increase principally by Jost abetted by Raynaug, bOtl;
in the secretion of FSH. This observation seems in France, and by eleg*aﬂt N vivo and in Vitrg
to eliminate the adrenal gland as a potent studies by Dorothy Price of th‘ﬁ' University of
source of either estrogen or androgen in this Chicago. It seems clear that testicular androger
. : ] probably cause development of sexual structures
The most intriguing aspect of these cases, in the male, but development in the female
aside from the pseudohermaphroditic, is the (more or less perfect) takes place in the ah-
tailure of these patients to show any signs of sence of androgens and not due to estrogens,
virtlism after fairly protracted treatment with In the first three individuals presented by
methyltestosterone and estrogen. Normal women Dr. Morris, either the embryonic testes did not
do show considerable virilism in their response produce androgens or, more probably, the em.
to androgen to be sure, but I believe it is fair bryonic structures were unable to respond to
to state that most women will be virilized within the testicular androgens. Female type develop-
2 months by 20 mg. of methyltestosterone daily. ment resulted instead. The blighting of the
Perhaps the skin of these people is really differ- paramesonephric or Miillerian structures must
ent, and this prompts my first question. have been caused by whatever the embryonic
Does the skin of the mons have the normal testicular substance 1s that normally has this
quota of hair follicles in i1t? Biopsy in this area effect in the male. This substance is not any of
could be a part of the operation in these cases, the known adult type androgenic steroids.
h and controls are surely readily available. To me, it seems likely that much of the tissues
* Have you tried 500 mg. of testosterone pro- ot these individuals, both as embryos and adults,
pionate per week intramuscularly? Doses of this 1s unable to respond in a normal manner to
magnitude have been given to patients with androgens. However, this is not the complete
cancer of the breast. answer. These individuals have absent or sparse
Does the vaginal mucosa show prompt atrophy pubic hair. Pubic hair growth is a response to
after gonadectomy? estrogens as well as to androgens. Dr. Morris
Dr. RowarLp R. GreeNE, Chicago, Illinois. has demonstrated that the gonads of these in-

One 1s always at a disadvantage in being the
second “official” discussant of a paper in that
one never knows exactly what the first discussant
is going to say. At the risk of repeating what

dividuals produce an adequate amount of estro-
gens, and many of them are reported to have
very little development of nipples and areoli.
These are also supposedly estrogen senst *m
Dr. Allen might say, I would like to stress the These facts would indicate to me that some A &
fact that, n 1953, Dr. Mortis brought order the tissues of these individual
out of a minor chaos by tabulating and sum- to estrogens as well as androgens.
marizing the findings in all reported cases of I am “ -
a condition that he named “the testicular fem- alilac.ca L g

inization syndrome.” In his present manuscript
he semiapologizes for coining this term. I
however . think it I & gﬂﬁd tﬁfm’ ﬁm ﬁ 1
individuals with testicles have been feminizec
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There is one minor point that I feel it is
ary to quibble about. This is the implica-
qon that there is a direct antagonism of andro-
gen which prevents the effects of estrogen on
(he breast. In the experimental animal this is
ot true. In the castrate or immature male, one
can Cause mild stimulation of both nipple and
hreast tissue with high doses of androgens. The
Jevelopment of a “subareolar node™ on the
hreasts of a small proportion of pubescent boys,
,s reported by Jung and others, has been ex-
plained as a direct stimulation of the noncon-
ditioned duct tissue to rapidly increasing amounts
of testicular androgens. It is true that this response
may be due to testicular estrogens but, if so, the
testicular androgens are not inhibiting this re-
sponse. The citation by Dr. Morris of the sup-
pressive effect on the breast of estrogens by andro-
gens in congenital adrenal hyperplasia is not valid,
since this 1s an indirect effect. Namely, the exces-
sive adrenal androgens inhibit h}-’pOph}-’Sea_ 00-

nadotropins and the ovary 1s essentially nonfunc-
tional. Apropos of this latter, I succeeded many
years ago in producing ~Texas-sized” breasts in
such an individual with stilbestrol. Needless to say,
there was no reduction in hirsutism or rapidly
developing baldness or 17-ketosteroid excretion.

In actual fact, excluding the embryo, I think
there are very few, if any, instances of direct
antagonistic effects of sex hormones in the human.
Most of those effects considered to be antagonis-
tic are due to depression of the individual’s
gonadal function. The rest are competitive or,
more commonly, synergistic.

To return to Dr. Morris’s patients, I am
very willing to make an uninformed guess that
their defect is enzymatic in nature, such that
some or all of their tissues, as an embryo and as
an adult, are unable to respond in a normal
manner to androgens and poorly to estrogens.

Dr. Howarp W. Jones, Jr., Baltimore, Mary-
land. Dr. Morris inferred that it is possible to
understand the testicular feminization syndrome
if one assumes that the steroidal excretion of
the embryonic testis is inadequate to virilize the
genitals. The problem of applying this is that
Dr. Morris has not been able to demonstrate,

In the cages he examined, that there is indeed
2 deficiency of the androgen prodmeel Actuall?.
ﬁk ._1953 a:nd 1959 we had m n
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because in our four patients, studied by frac-
tionation of the [7- ketostermds

distinguish between the

we could not

four testicular feminiza-
tion patients and the normal male controls.

Injection of human pituitary

extract (HCG), the response was as in 2 normal

male. Furthermore, they received large doses of

androgen and we could not demonstrate aberra-

tion in the excretion in the urine from the normal
male.

This makes it necessary to think of something

other than lack of androgen as an explanation

for the syndrome, and Dr. Morris has suggested
that end organ failure is perhaps the explanation
we seek. He referred to the fact that these testes
histologically do differ from retained abdominal
testes. This 1s true, but there is no characteristic
histologic picture of testicular feminization as
I once thought and wrote.

Dr. Morris originally pursued the idea that
deficient androgen production because of 3 3-ol
dehydrogenase lack could explain this difficulty.
Using a histochemical technique which demon-
strates 53-ol dehydrogenase, we have obtained
a positive reaction on one testis from a patient
with this syndrome. We, therefore, have con-
firmed by histochemical means the fact that
inat least this one testis there was no 34-ol
dehydrogenase deficiency. Therefore, I think we
must accept at the present time an end organ
failure, since we cannot demonstrate any de-
ficiency in androgen production. This brings up
certain problems but it 1s a better working
hypothesis than the complete absence of andro-
gens 1n these testes.

I salute Dr. Morris for his presentation and
for having the courage of his biochemical con-
victions 1n suggesting this pathogenesis for this
condition.

Dr. ArTaHUR T. HERTIG, Boston, Massachusetts.
My question obviously is not going to be on
the sophisticated endocrinology of this condition
but on the more pedestrian nature of malignant
tumors so common in this group of patients.
Are they of seminoma type or is there the usual
spectrum of malignant tumors that arise in the
testis?

Dr. S. Leon Israkr, Philadelphia, Pennsyl-
vamia I rise to say three thmgs I want to -
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gene? To follow along in the same vein as one
of Dr. Henriksen's ineffable Chinese aphorisms:
“He who asks questions may seem momentarily
stupid, but if he does not ask, he remains for-
ever ignorant.” The question is this: If the
Miillerian mhibiting factor hypothesis has occu-
pied Dr. Morris's thinking, has he extended this
into the area of the woman who has perfect
femininity but an absent uterus and vagina and
who 1s XX?

Dr. Morris (Closing). In reply to Dr. Allen’s
question, testosterone propionate and other andro-
genic  preparations have been administered 1n
doses up to 1 Gm. or more a month without
significant effect. Biopsies of the skin in the
pubic area do show the presence of hair follicles.
The unilateral absence of vulvar hair in a female
carrier reported by Gayral and co-workers sug-
oests, however, that the site of nonaction of
androgen is at the end organ.

Dr. Greene raised the question of whether
estrogen causes sexual hair growth. I would
rather doubt if it does, although Marshall and
Harder reported some increase in hair after
conjugated estrogen administration. It is possible
that the ratio of androgen to estrogen in produc-

ing secondary sex effects may make a difference.
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ration that links hair growth to disorder in the
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malignant arrhenoblasto
olar carcinoma, an na.
were classified as seminomas or
Such names as neuter cell tumor,

and dysgenetic gonadoma have alsg |, A
ested. 1 like the term germinomg e 'alg
5 CCause it

is simpler than the others.

Dr. Israel’s questior} regarding the it
ship of Miillerian inhibiting factor to th absenn.
of the uterus in the female I canpgy answcﬁ
because 1 have not done any work i, the‘r
field. It may be a possibility, but thjg IS

/ ‘ Would
not explain the frequent  concomitang i

malformations.

[ am happy to have Dr. Jones’s Corroboratjye
findings. Unfortunately, we have very little iy
the way of values in the normal male tq ¢,
pare with the values obtained in this syndrome
especially gonadal vein blood, tissue content, ané
incubation studies. The male seems to he more
reluctant to part with a slice of the gonad than
the female.

In retrospect, there are defects in the plan of
this study because we anticipated finding a defect
in hormone synthesis due to 343-ol dehydrogenase
lack and we did not find it.
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