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SUMMARY

A female parient Thospitalized with primary
amenorrhea was studied cytogenetically. She was
diagnosed  clinically and pathologically as
afollicular ovarian dysgenesis, with the presence of
a vagina, a uterus, bilateral fallopian tubes, and the
absence of testes as well as of the somartic signs
of Turner's syndiome.

Chromosome studies were carried out on cultured
leukocytes and fibroblasts derived from several
different organs. An apparently normal male
chromosome constitution of 46, XY, was found and
the DNA replicating parrern and the fluorescent
staining property aobserved in culeured leukocytes
of this patient were consistent with that of nonmal
male cells. The possible mechanisms for the
occurrence of the Xy sex-constitution in a pheno-
typical female are discussed.

INTRODUCTION

Female patients with a sex-chromosome constitu-
tion indistinguwishable from a normal male have
occasionally been seen. In general, XY females
have been diagnosed by exploratory laparotomy and
have been found to have gonadal agenesis, with
and without other abnormalities, or male pseudo-
hermaphroditism.1-8  The present report describes
a phenotypic female with afollicular ovarian
dysgenesis and an XY sex-chromosome constitution,
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CASE PRESENTATION

The pacient is the eighth daughter of 10 live-born
children, of whom one male and four female sibs
died during their neonatal periods (Figure 1). She
is phenotypically a female (Figure 2) and was
hospitalized fer evaluation of primary amenorrhea
at the age of 31 years, She was born 1o a nortmal,
healthy 43-year-old father and 40-year-cld mother
who was also healthy, and had no history of taking
drugs during her pregnancy. The patient had a
history of measles and pneumonia in childhood, a
head contusion at 7 years of age, gonorrhea ac 13
years, and epilepsy which developed at age 30.
She married at 23 years of age, but has had no
history of pregnancy. The patient’s height was
163.8 cm (64.5 in), weight 52.0 kg (115.6 1b) and
arm span 176 cm (69.3 in). She had slightly
masculine appearance together with small breast
development and relatively scanty axillary and
pubic hair. She showed no webbing of the neck or
cubitus valgus, and had a normally developed vulva
and clitoris (Figure 3). The remainder of the
examination was normal. No gonads were palpable
in her labia majora or in her inguinal region. The
vagina admitted two fingers, and was normal in
length. On cyclic hormone therapy she had with-
drawal bleeding.

Laparotomy revealed thac the pelvis contained a
uterus of relatively normal size, together with two
normal fallopian tubes and two gonads in the
normal position (Figures 4, 5). The gonads were
symmetrical in size, 1.0 x 0.7 X 3.5 cm, and were
represented by two parts: the upper part was a
white streak while the lower part was edematous

and reddish.

On histological examinations of serial sections at
the center of bilateral pgonads, a dysgenetic
gonadal ridge consisting of gonadal stroma and
hilar structure, and corpus albicans-like tissues
accompanied with calcified nodules was found
(Figure 6).

Fibrous cissue is the major component of the
gonadal stroma, and is suggestive of normal
ovarian stroma. The surface of the gonadal streak
was covered with a layer of low cuboidal cells. In
the stroma, no structure resembling primary germ
cells or follicular apparatus was detected in these
sections. [In the hilar zone (Figure 7), a rubular
structure  which was  indistinguishable from the
ovarian rete, and a few nests of hilar cells were
seen. Some hilar cells coneained yellowish-brown
pigments in the cyroplasm, although typical
crystalloids were not detected. In the deep part of
the streak tissue, corpus albicans-like strocrures
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FIGURE ! Family pedigree of XY female with ovaries
1 BMEHTSEXY 40 ER

were present (Figure B8), and calcified nodules,
whose original structure was unidentifiable, were
scattered in or near the corpus albicans-like
tissues. Neither testicular tissues nor areas
suggesting neoplasm were detected on either side
of the gonad. These histological observations may
be interpreted to indicate that chis patient has
dysgenetic gonads.

X-ray and hysterosalpingographic examinations
demonstrated the presence of normal kidneys,
uterus, and fallopian tubes. No bony abnormalicty
was seen by X-ray examination of the hands,
femora, lumbar spine, and pituicary fossa,

The results of hormone assays of the urine are
shown in Table 1. It is interesting to note that the
estrogen value of urinary excretion was slighely
elevated from the normal range, while the gonado-
teopin value remained within mormal limits. These
findings were unusual for this condition and cannot
be explained. Patient’s clintcal appearance
especially scant breast development and eunuchoid
features were compatible with hypoestrinism.

Functional tests of the endocrine glands were
essentially normal: 131} yprake was 21.5% in 24
hours, and a thyroid scan was normal; the Thorn
test showed a decrease of eosinophiles of 51.4%;
water loading test showed normal ADH responsive-
ness. Responses to ACTH and Metopiron were
normal. Fasting blood sugar was 74.0 mg/100 mi,
and a glucose colerance test was normal.
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FIGURE 2 Pbhotograph of the patient.
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FIGURE 3 Photograph of the external genitalia.
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FIGURE 4. 5. Surgical findings, showing the internal genital organs of the patient. Figure 4
shows right side, and Figure 5 shows left side. T, Uterus; OV, Ovary; FT. Fallopian tube.
M4, 5 MEHER, ARONEBLTY. B4EEM, M5i2EM, UT: &, OV: Y, FT: M%¥

FIGURE 6 Low-power photomicrograph of @ cross section of the right ovary. HG, Nest of bilar
cells: S, Gonadal siroma: CA, Gorpus albicans-like structure; RT. Rete tubules.

[16 AW OETOS SIS, HC : MAlYt, GS: #EMMET, CA: fIMkEN®E, RT: AH3H
FIGURE 7 Section through the bhilar zone showing the rete tubules {ovarian rete) and a nest of
kilar cells, RT, Rete tubules; HC, Nest of hilar cells

7 SMMSORE, MRES X UMERES AN S, RT: P88, HC: MMiai

FIGURE 8 Photomicrograph of gonadal stroma and corpus albicans-like structure. CA, Corpus
albicans-like structure; GS, Gonadal stromd.
B8 MBHETSECHERMEOMMAEIL. CA: AKBEREE. G5 HIRMT



T ——, T T e

TABLE | COMPARATIVE DATA ON ENDOCRINE STUDY
#1 ATBERELHO LR

Urinary Excretion

Normal Range Present Case

Rk 1E % &i R i
Estrogen =2 bo#¥ ¥  /day 1H¥AN  2-30ug 39.0 g
Pregnanediol
FLFF+ryd—n fday 1H%AD 0.5-3 mg 0.25 mg
Gonadotropin /day 1A%/~ D  4-16 mouse unit 8 mouse unit
drFrOE
17-K8 /day 1 B¥44H  4-3 mg 3.0 mg
17-QHCS fday 1gysan  L.5-4 mg 0.7 mg

Her intelligence was that of an imbecile as shown
by the WA[S-test score of 65; and the Tanaka-Binet
test score of 67.7.

CHROMOSOME STUDIES

Aceto-orcein-stained  squash  preparations  {rom
material derived from the buccal mucosa, boch
ovaries, fallopian tubes, endometrivm, appendix,
and skin were examined for the presence of sex
chromatin. From each tissue 500 nuclei were
examined and no sex chromatin masses were seen.

Chromosome studies were carried out on leukocytes
culeured according to the method of Moorhead et al?
with a minor modification, as well as on monolayer
cultures derived from the ovaries, fallopian cubes,
endometrium, appendix, and skin (for derails, see
Kadotani ec all¥y, Slides were made according to
the routine air-dry method.

Chromosome counts based on 20 ot more cells of
each specimen described above indicated that, of a
total of 334 metaphases, 307 had a normal chromo-
some npumber of 46 (Table 2). Microscopical
examinations showed, in every 46-cell, one small
chromosome in an unpaired state. Further, detailed
karyorype analyses were performed on 10 to 30
cells from each tissue, and all cells showed I35
chromosomes in group Ce-¥-12, as well as the
presence of one small chromosome which ranked in
length between the EI18 and F19-20 autosomes
(Figure 9). Morphologically, the small chromosome
was found to be identical to the normal male Y
chromosome on the basis of the following features;
an indistinct centeomere which s torally hetero-
pycnotic; a secondary constriction in the middle
pare of the long arm; a narrow chromatid divergence;
a rather diffuse and faintly scained configuration of
the distal part of the long arm; showing no satellite
association with D13-15 and G21-22 autosomes.
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TABLE 2 CHROMOSOME-NUMBER DISTRIBUTION OF CULTURED CELLS DERIVED FROM
A CASE WITH AFOLLICULAR OVARIAN DYSGENESIS

#2 ENREMEBETEMOEEM- st 2 REatkdosh

Chromosome Number

Specimen 83 [surxen Cgﬁégd REHE ]{arc}:riltl;ped
A ERDYE MEME <44 45 46 47 4B+ BEIGTEllau

Leukocytes HMmEL 1 3 59 1 1 57 22
2 3 66 1 2 62 1 10

Skin =41 30 17 2 15 5
60 19 3 2 14 6

Appendix i f 30 21 2 1 18 13
Fallopian Tube #0% 17 24 1 23 16
Endomettium FEPH 18 27 1 1 25 14
Right ovary 5 4 17 49 2 3 44 i8
Left ovary pR LR 20 52 3 49 22
Total &3 334 12 14 307 1 126

Cells with 45 chromosomes showed no karyotypic
constancy, with the random absence of any one
of chromosomes.

Cultured leukocytes from the subject’s father,
brother, and sister (Figure 1) had normal chromosome
complements. Since the length of the Y chromosome
was an inheritable character,11+12 relative ratio in
the length of the Y to the G21-22 chromosomes of
the patient were compared to thar of her father and
brother., Relative values were 1.42 X 0.12 in the
patient, 1.42 £0.13 in her father and 1.62 £ 0,17 in
her brother, respectively. The results showed that
the Y chromosome in the patient is equivalent in
size to that of her facher and brother.

The chromosome replicating pattern at the end of
the DNA synthesis period was studied in cultured
leukocytes by an autoradiographic procedure
(Sofuni and Sandbergl®). It is well established
that most labeled metaphases of normal female
cells have one late-replicating X chromosome. 14,15
The present specimens, however, had no cells
showing a late-replicating chromosome in group
C6-X-12, based on 60 labeled metaphases suitable
for analysis. The Y chromosome of the patient was
late replicating, in striking contrase to the replicat-
ing pattern of the G21-22 chromosomes (Figure 9),
and its autoradiographic behavior was virtually
identical to that of the Y chromosome in male cells.

Recently, fluorescent staining technique for identify-
ing the Y chromosome has been developed.16,17
This technique confitmed the presence of the Y
chromosome in this patient. Slides were prepared
from leukocytes cultures of the patient, normal
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FIGURE 9 Karyotype from the proband. The chromosomes were photographed before and after
autoradiography, Arfow indicates the Y chromosome, showing beayy labeling.
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FIGURE 10 & 1! Photographs of cultured leukocytes from the proband, stained with a fluorescent
acridine derivative. Figure 10 shows a metaphase with @ brightly fluorescing Y chromosome
{arrow}, and Figure 11 shows an interphase nucleus baving single flucrescent body (arrow),
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males and females. The slides were kept in
Macilvaine’s citric acid-phosphate buffer (pH 4.1)
for 5 minutes, then in f{reshly prepared 0.5%
aqueous solution of quinacrine hydrochloride
(*'Atabrine’’, Winchrop Lab. N.Y.) for 5 minutes,
washed and mounted in buffer for observation
under 2 Nikon fluorescence microscope, using BV
exciter filcer and Y51 and Wratten 2B barrier filter.

In the preparations from normal males, almost all
metaphases showed that the distal half of the long
arm of the Y chromosome fluoresced the largest and
brightest. A small brightly flucrescent body was
observed in interphase nuclei, and the proportion of
cells showing this ‘‘male chromatin body" was
about 30%. No similat fluorescent properties were
observed in female cells,

The cells of the propositus had the characteristic
staining property identical to normal male cells; a
brightly fluorescing chromosome was observed in
all of 50 mertaphases (Figure 10}, and a small
fluorescent body was also recognized in interphase
nuclei (Figure 11). These results demonstrate chat
this female patient has an XY sex-chromosome
constitution,

DISCUSSION

The patient, who was hospitalized because of
primary amenorshea, was diagnosed as a female
with afollicular ovarian dysgenesis. The major
clinical features are: female phenotype, normal
stature, presence of vagina, hormonally responsive
uterus, bilateral fallopian tubes and afollicular
ovaries, and the absence of tesiis as well as any of
the stigmata of Turner's syndrome, On cytogenetic
examination she evidently had a nommal male
chromosome complement (46, XY), on the basis of
the following findings: (1) sex-chromarin test was
negative; (2) the chromosome identified as Y had
morphologic features, late DNA-replication pattern
and fluorescent staining characteristic identical to
the Y chromosome in normal male cells.

It has been generally accepted that the Y chromo-
some carries strong masculinizing factors. Not-
withstanding the occurrence of the Y chromosome,
this case showed a striking development of internal
and externa] female characteristics, The possibilicy
that the Y chromosome was a deleted X produced
probably as a result of a leng arm deletion may be
excluded with reasonable confidence on the
evideace described above.

Occurrence of masked mesaicism, such as XY/XO,
though not completely mled our, is unlikely in
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this case, because the cultured cells from the
endoderm (appendix), mesoderm  {leukocytes,
bilateral ovaries and fallopian tubes, and endo-
metrium), and ectoderm (skin), all had 2 normal 46,
XY complement. Since the cells with 45 chromo-
somes showed the random loss of any one of
chromosomes, this is further evidence against the
possibility of XY/X0O mosajcism.

It has been shown that the short arm of the Y
chromosome carries testis-determining genesl8
and that the X and Y associate with each other at
the distal end of the short arm during meiosis, 19,20
The possibility exists thar testis-determining
genes of the Y may be lost as a result of the Xy
crossing over in patemal meiosis.

Recently, Sasaki and Kamada2l reported thart a
case of phenotypically normal female golden
hamster, with apparently functional ovaries, showed
an XY sex-determining mechanism. They offered
ewo tentarive interprerations: one is the loss of
male factors in the Y chromosome, caused by the
interchange of the X and the Y during meiosis, or
alternatively a parial shorc arm delerion of one of
the two X chromosomes. They also point out that
the chance of an interchange between the X and the
Y chromosomes might be expected to occur less
frequenely in the human than in the golden hamster,
since the X and the Y are seen associated end-to-
end without ferming chiasma in the human male,
whereas in the golden hamster chiasma formation
between the X and the Y has been observed during
male meiosis.

On histologic examination of tissues from the
patieat, no germinal cells were found in serial
sections through the midportion of both gonads, but
gonadal stroma and hilar structures were seen
which were indistinguishable from the same
components of normal human ovary. However, it
was difficult to account for the histogenesis of
corpus albicans-like structure accompanied by
calcified nodules in the absence of germ cells.
The former structure bore a close morphological
resemblance to normal, but old, corpus albicans.
If it were true corpus albicans, however, evidence
of germ cells and follicular apparatus would be
expected. The original structure from which the
calcified nodules were derived could not be
identified microscopically, although small arteries
and corpus albicans jtself were considered as
possibilities.

The subject was mentally deficient. This may be
unrelated to the gonadal syndrome under discus-
sion since other reported cases have had normal
tntelligence.8:26  This may be a real though
uncommon componcnt.
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Jones er al?2 and Greenblaw ec al?3 reviewed
previous reports of ponadal dysgenesis, and
concluded thar the pathologic findings in the ridge
were similar, regardless of the cytogenertic findings.
The mulciplicity of reported cytogenetic findings
makes it difficult to understand the interrelations
between chromosome constitution and pachelogic
findings as well as to understand embryological
events in ovarian dysgenesis, Jones et al22
proposed the hypothesis that the development of
ovarian agenesis was due to the failure of primitive
germ cells to migrate into germ ridge. They also
suggested thar a pair of X chromosomes was neces-
sary for normal development of the ovary.

_'[c;s::z"j has shown that rabbits, whether generically
male or female, develop female internal and
external genitalia, if gonadectomy is performed
duting early intrauterine development. This finding
suggests that the testis-determining genes on the
Y chromosome act only at a critical peried as a
trigger to start the differentiation of the medulla
into testis. In other words, if 2 genetic male fails
to differentiate the testis ac a critical stage, its
gonads begin to differentiate into ovaries in a
succeeding stage. 124,25

If the above assumption is applied to the present
case, the occurrence of the XY female may be
explained as follows: the testis-determining effect
of the Y chromosome was adversely affected by
some environmental factor (i.e. anoxia, infection,
maternal hormonal imbalance, etec.), resulting in
the development of both internal and external
female genitalia.

Recencly, Sternberg et al® and Espiner et al26 have
reported the {amilial occurrence of Xy females with
pute gonadal dysgenesis. They suggested a
possibilicy that an abnormal gene or genes, which
carried on  an

are  N-linked or autosome, may
suppress the male-determining capacity of the Y
chromosome, thus leading to female development

and pure gonadal dysgenesis, with an XY-sex
constitution. Their assumption may be applicable
for the explanation of the genesis of the present
Xy female. The present study was, however,
unable to confirm the possibility proposed by
Sternberg et al,8 because of imcomplete familial

investigation.
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