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Case Report

X chromosomal monosomy with bilateral ovotestes in a Labrador
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Abstract

A 2 year intact, phenotypically female Labrador Retriever dog was presented for evaluation of persistent white vaginal discharge
after a perceived normal estrous cycle. On repeat evaluations, the dog was determined to be in persistent cytologic estrus ~ for 2
months. Abdominal ultrasonography revealed suspected bilateral ovarian cysts and cystic endometrial hyperplasia. After ultra-
sound-guided cystic aspiration, the dog was treated with a 3 day course of gonadotropin-releasing hormone (GnRH). Four months
after initial treatment, the dog developed behavioral and physical signs of estrus that lasted ~ for 4 weeks; systemic progesterone
concentrations never increased > 1.0 ng/ml. Repeat abdominal ultrasonography revealed another cyst-like structure on the right
gonad. Similar treatment (cyst aspiration and GnRH treatment) was given. Paired cystic fluid and blood serum hormone concen-
trations were analyzed at each aspiration; testosterone concentrations were higher in serum and cystic fluid. Ovariohysterectomy

and karyotyping diagnoses were bilateral ovotestis and X chromosomal monosomy (77, XO).
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Background

Disorders of sexual development are uncommon findings that
contribute to infertility or altered reproductive characteristics
and behaviors. Sex chromosome aneuploidies are well-known
causes of chromosomal sex abnormalities in domestic ani-
mals and have been reported in dogs.'-” Dogs have 78 total
chromosomes compromised of 76 autosomes and 2 sex chro-
mosomes (XX versus XY). X chromosomal monosomy
(77, XO) or a single X chromosome has been diagnosed in
multiple breeds, including Doberman Pinschers, Miniature
American Eskimos, and Miniature Poodles, and mosaicism of
the condition in a limited number of others."”” X chromo-
somal monosomy, also referred as Turner’s Syndrome in peo-
ple; common clinical findings were small stature, webbing on
the skin of the neck, congenital heart disease, metabolic and
endocrine disturbances, and infertility due to hypergonado-
tropic hypogonadism.® Affected dogs with X chromosomal
monosomy were infertile with frequent hypoplastic afollicular
gonads, small stature, and excessive skin along the ventrum.'?
We describe a case of X chromosomal monosomy in an exter-
nally phenotypic female dog with bilateral ovotestes.

Case presentation

A 2 year, intact maiden female Labrador Retriever dog was pre-
sented for evaluation of persistent scant white vaginal dis-
charge of ~ 2 months duration, 3 months after an apparently
normal estrous cycle (Figure 1). This cycle was the second
estrous cycle with external signs of vulvar swelling and sero-
sanguinous vulvar discharge lasting ~ for 4 weeks after a cycle
that had similar signs for 3 weeks. Dog was initially evaluated
by the primary care veterinarian and started on a week’s course
of twice-daily oral amoxicillin trihydrate/clavulanate potas-
sium (13.75 mg/kg) and once daily oral enrofloxacin (10 mg/
kg) for suspected vaginitis. Clinical signs of intermittent vagi-
nal discharge appeared after cessation of treatment.

Dog weighed 23 kg with a body condition score of 4/9.
Physical examination revealed minimal to no vulvar edema
with no vulvar discharge. Mammary glands palpated within
normal limits with 5 nipples on the left mammary chain and
4 nipples on the right mammary chain. All other physical
examination findings were unremarkable. Digital vaginal
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Figure 1. Physical appearance (A) and genital mucoid discharge (B)

examination was normal (no abnormalities in the caudal
vaginal vault nor evidence of foreign material) and vaginal
lavage appeared normal. Serial vaginal cytologic examina-
tions over the next 2 months identified cytological estrus
(vaginal epithelial cells exhibiting > 80-90% cornification of
superficial and anuclear epithelial cells) without evidence of
inflammation (Figure 2A).° Serum progesterone concentra-
tions were 0.336 ng/ml. Abdominal ultrasonography revealed
bilateral cystic structures within gonads; right gonad had a
2.1 x 1.6 cm ovoid anechoic cyst and left gonad had an 8 mm
cystic structure. Uterus was identified from the cervix to the
uterine horns and demonstrated diffuse endometrial hyper-
plasia with multifocal cystic structures throughout the endo-
metrial wall. Proximal right uterine horn additionally
contained a focal amount of anechoic intraluminal fluid
(Figure 2B).

Differential diagnoses

Initial differential diagnoses primarily for the clinical finding
of persistent cytologic estrus included cystic ovarian disease,
exposure to exogenous hormones, or ovarian neoplasia. As
per owner there was no exogenous hormonal exposure (e.g.
topical hormone replacement therapy). Diet consisted of a
commercial dry adult dog food with no known source of ele-
vated phytoestrogens. Abdominal ultrasonography suggested
cystic ovarian disease with concurrent endometrial
hyperplasia.

Treatment

Ultrasound-guided aspiration utilized an extension set
attached to a 3 ml syringe and a needle (22 G X 1.5”); 1.5 ml
of translucent, gold color fluid was collected from the larger
right cystic structure. Immediately after aspiration, cystic struc-
ture collapsed. Dog was treated with intramuscular gonadore-
lin (Cystorelin®, Boehringer Ingelheim, Ridgefield, CT) at 75
ng/kg once a day for 3 days. Paired hormonal analyses of aspi-
rated cysts (University of California, Davis Endocrinology
Laboratory) had marked increases in estradiol, progesterone,
and inhibin B in cystic fluid compared to serum (Table 1).
Serum progesterone remained at basal concentrations (0.75
ng/ml), and serum antimillerian hormone (AMH) was 0.18
ng/ml. Dog was closely monitored at home with no reoccur-
rence in vaginal discharge and returned to vaginal cell popula-
tions consistent with cytologic anestrus within a month of
initial therapy. Abdominal ultrasonography (2 months after
initial treatment) revealed gonads with no apparent follicular
or cystic activity and marked improvement in endometrial
hyperplasia and size of gross intramural cysts.

+ Dist 2.15cm

Figure 2. Vaginal cytology (A) and transabdominal ultraso-
nography image (B) at initial cystic aspiration; note cornified
vaginal epithelial cells composed of superficial and large inter-
mediate cells (20 x magnification; bar = 200 pm) and large
cystic structure in right gonad and intrauterine fluid in right
uterine horn.

Approximately 4 months after initial treatment, dog entered
behavioral estrus (vulvar swelling, serosanguinous vulvar
discharge, and attraction to and from an intact male dog)
within the household. It was elected to pursue breeding
management, and the dog was presented for serial vaginal
cytology and progesterone assays. During next 20 days, dog
was assessed every 3-5 days. She remained within cytological
proestrus; vaginal epithelial cell populations never increased
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> 50-70% cornification and progesterone concentrations
remained < 1.0 ng/ml. After 3 weeks, the owner elected to
discontinue breeding management and continued to moni-
tor her closely. Although bodily signs of estrus diminished
during the following days with reduced vulvar edema and
cessation of serosanguinous discharge, dog remained attrac-
tive to the intact male dog within the household. Repeat
examination 2 months later (6 months after initial treat-
ment) revealed > 90% cornification on vaginal cytology,
consistent with cytological estrus. Focused reproductive
ultrasonography findings were similar to earlier one; a large
right gonadal cyst (1.4 x 1.0 cm) with no significant cystic
changes in the left gonad. Right gonadal cyst was again aspi-
rated (ultrasound-guided) and the dog was again treated
with intramuscular gonadorelin (Cystorelin®). Aspirated cys-
tic fluid and serum were submitted for paired hormonal
analysis. Due to the unusual nature of the case, testosterone
was also analyzed in addition to progesterone, estradiol,
AMH, and inhibin B; there were marked increases in cystic
fluid progesterone and estradiol compared to serum with rel-
atively high testosterone concentrations in cystic fluid and
serum (Table 2).

Ovariohysterectomy was performed and hormone analysis
was not repeated. Gonads and surrounding tissues did not
have overt cystic lesions (Figure 3). Histopathology of gonads
was consistent with bilateral ovotestes with central area with
a solid sheet of interstitial cells that was multifocally inter-
rupted by scattered seminiferous tubules lined by Sertoli
cells, and occasional primary spermatogonia noted in the
left gonad (Figure 4A). Surrounding the seminiferous
tubules, small spindle cells were present, consistent with the-
cal cells, and the gonads were covered by simple cuboidal
epithelium. No follicles or ova were observed in either
gonad. Left ovotestis was surrounded by a tubular structure,
most consistent with an oviduct. Right ovotestis was sur-
rounded by several tubules lined by columnar epithelium
supported by a moderately cellular fibrovascular stroma,
most consistent with epididymis. Uterus contained diffuse
cystic endometrial hyperplasia with moderate to markedly

Table 1. Hormonal analysis of paired serum and cystic fluid at
initial cystic gonadal aspiration

Hormone Serum Cystic fluid
Progesterone (ng/ml) 0.75 15.1
Estradiol (pg/ml) 21.8 3,689.7
AMH (ng/ml) 0.18 2.8
Inhibin B (pg/ml) 6 155,700

Table 2. Hormonal analysis of paired serum and cystic fluid at
second (6 months after initial treatment) aspiration

Hormone Serum Cystic fluid
Progesterone (ng/ml) 1.6 > 30
Estradiol (pg/ml) 14.2 9,750.7
AMH (ng/ml) 0.84 > 12
Inhibin B (pg/ml) <6 73,640
Testosterone (pg/ml) 179.7 3,188.1

dilated endometrial glands (Figure 4B). Karyotyping (Texas
A&M Molecular Cytogenetics Laboratory) had a total of 77
chromosomes characterized by a single X chromosome con-
sistent with X chromosomal monosomy (77, XO).
Concurrent PCR testing for the sex determining region Y
(SRY) gene was negative (Figure 5).

Discussion

Normal sexual development in mammals involves 3 stages;
chromosomal or genetic sex as determined at fertilization
(XX versus XY), gonadal sex (ovaries versus testes), and the
expression of the internal and external phenotypic sex
through the internal reproductive tract and external genita-
lia.? Errors or alterations in any of the 3 components of sexual
development cause disorders of sexual development in the
dog and result in a wide range of anatomical abnormalities,
physiologic behaviors, and infertility. Initially, the dog in this
case report was believed to have cystic ovarian disease due to
the appearance of a large gonadal cystic structure on abdom-
inal ultrasonography and signs of concurrent estrogenization
of tubular genitalia, with the development of endometrial
hyperplasia and prolonged cytologic estrus on vaginal cytol-
ogy. Ultimately, histopathology and chromosomal analysis
were crucial for diagnosis of a disorder of sexual develop-
ment, with an abnormality in both the chromosomal and
gonadal sex.

Karyotype analysis suggested a pure X chromosomal mono-
somy within blood-derived cells (n = 30 cells). Although a
pure X chromosomal monosomy and aneuploidy explained
the lack of follicular development, many of the internal and
external physical characteristic, ovotestes (histopathology) is
uncommon, with negative expression of the SRY gene.
Unilateral or bilateral ovotestes were reported in XX/XY mosa-
icism or chimerism cases.’"'? In this case, karyotyping was
performed on blood-derived leukocytes, not fibroblasts. The
ultimate cause of ovotestis formation is unknown in this case
and there was no evidence of mosaicism, chimerism, or even
a mixoploidy in cell lines. SRY-negative XX sex reversal (78,
XX) with testes or ovotestes, has also been reported in multi-
ple breeds of dogs, such as the American Cocker Spaniel, Kerry
Blue Terrier, and English Cocker Spaniel.® Similar findings
have not yet been described to authors knowledge in a case of
pure X chromosomal monosomy.

Figure 3. Gross appearance of the gonads at ovariohysterec-
tomy; right gonad (A) and left gonad (B). Note thumb and
index finger grasping the tip of each respective uterine horn.
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Figure 4. Light microscopic images of reproductive tract stained with hematoxylin and eosin; scattered seminiferous tubules
within stroma of left ovotestis (A [10 x magnification]) and diffuse endometrial hyperplasia and glandular dilation (B [20 x

magnification]).

The initial presenting complaint was persistent scant mucoid
vaginal discharge. A 6 month, Doberman Pinscher pup that
had mucopurulent vulvar discharge was diagnosed as X chro-
mosomal monosomy at prophylactic spay.” Unlike this case
(had evidence of virilization with an enlarged clitoris) our
case did not have enlarged clitoris despite bilateral ovotestes.
Abnormal estrous cycles have also been noted in other cases
of X chromosomal monosomy, similar to this case with signs
of hyperestrogenism."*® In our case, diffuse endometrial

hyperplasia was also present and likely related to altered hor-
monal milieu. However, other findings of systemic hyperestro-
genism were not noted on physical examination nor the
comprehensive bloodwork prior to ovariohysterectomy.

The ultimate origin of observed gonadal cystic structures was
not fully determined on histopathological analysis at ovario-
hysterectomy since there were no gross cystic dilations of the
ovary or surrounding structures. We hypothesized that
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Figure 5. Blood karyotype analysis of 30 cells; representative cytogenetic analysis from 1 depicted cell (A) and molecular analysis

of sex chromosomes (B).

dilation of the tubular structures within or surrounding the
right ovotestis were most consistent with mesonephric ducts
or epididymis, especially due to concurrent high testosterone
concentrations. Dog’s external characteristics and behavior,
including intermittent vulvar edema, serosanguinous vulvar
discharge, and attraction to and from intact males, may also
be attributable to both the localized and systemic hormonal
milieu.

Serum AMH concentrations were correlated to follicular
reserve and litter size in 78, XX intact female dogs, and were
used for diagnosing testicular tissue in 78, XY intact males.'>!'*
Increases in AMH have also recently been examined to iden-
tify testicular tissue in cases of canine disorders of sexual
development.!> Serum AMH concentrations obtained at the
second cystic aspiration were consistent with the laboratories
current reference intervals for both intact females and intact
males, whereas serum AMH remained within the inconclusive
interval for both intact females and males at the first cystic
aspiration. The AMH concentrations detected in this case
most likely due to the duality of the internal gonads and
Sertoli cell AMH production, as no follicles were observed in
either gonad. We presented a case of X chromosomal mono-
somy with bilateral ovotestis in a phenotypic female dog using
karyotype analysis and histopathology of gonadal tissue.
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Learning points

¢ Sex chromosomes disorders are relatively uncommon find-
ings in dogs

e Karyotyping and histopathology of internal reproductive
organs are crucial for final diagnosis in suspected cases of
disorders of sexual development

e X chromosomal monosomy may be considered as a cause
in cases of abnormal estrous cycles or suspected infertility
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