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Summary

Summary

The presence of an ovotestis is a rare etiology of
differences of sex development. Histologically,
ovotestis come in two forms: 1) Mixed or 2) Bipolar.

Objective

We hypothesize that it is surgically impossible to
cleanly separate and preserve either the testicular
or ovarian component of an ovotestis.

Study design

Twenty human gonads with a previous diagnosis of
ovotestis were re-sectioned in entirety and re-
stained with markers for testicular (S0X9, TSPY,
SALL4, DDX4, cP450, AR, «-actin) and ovarian tissue
(FOXL2, SALL4, DDX4). Histologic sections were
photographed at low power to confirm the presence
of the entire cross section of the ovotestis. High
power was used to confirm an ovotestis based on the
presence of both seminiferous cords (testis) and
follicles (ovary).

Results

Six of twenty ovotestis did not meet our criterion for
the diagnosis of ovotestis lacking the histologic evi-
dence of both testicular and ovarian tissue (lacking
ovarian follicles). The remaining 13 patients in
which 14 separate specimens were evaluated, con-
tained ovotestis defined by the presence of both
seminiferous cords and ovarian follicles. Seven of
these specimens had low power confirmational
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histologic images that included the entire ovotestis
and could be completely evaluated for a potential
surgical plane of separation. The other seven spec-
imens were consistent with an ovotestis biopsy
without complete borders. For the seven specimens
that included the entire ovotestis, 6 of the 7 had
ovotesticular cords and 3 had the presence of ovo-
testicular follicles.

Discussion

None of the seven complete specimens had a clear
surgical plane where testicular or ovarian compo-
nents could be isolated cleanly. Often the ovarian
component was composed of a thin layer of follicles,
surrounded the testicular component with an in-
between, mixed layer of both seminiferous cords
and follicles. The remaining seven ovotestis biopsy
specimens also did not have a clear plane for surgi-
cally isolating either the testicular or ovarian
compartment.

Conclusion

Based on the histologic evaluation of the entire
ovotestis as well as ovotestis biopsy specimens it
does not appear possible to surgically separate the
testicular and ovarian component. We have reser-
vations with the concept in both mixed and bipolar
ovotestis that it is possible to surgically preserve
either the ovarian or testicular component without
leaving incongruent tissue. The clinical implications
of leaving gonadal tissue inconsistent with the pa-
tient’s gender identity remains unknown.
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Ovotesticular syndrome is a rare form of disorders of sex
development [1]. The incidence has been estimated as to
be less than 1/20,000 [2]. The syndrome is characterized
the presence of both ovarian and testicular tissue in the
same patient. This may take the form of a separate testis
and ovary or a gonad that contains both testicular and
ovarian tissue, called an ovotestis [3]. Testicular tissue is
defined as the present of seminiferous cords/tubules sur-
rounded by smooth muscle cells, Sertoli cells, germ cells,
and Leydig cells [4]. Ovarian tissue is defined by the pres-
ence of primordial or primary follicles with surrounding
granulosa cells [5]. Specific immunohistochemical markers
and morphological patterns have been described to accu-
rately define the presence of both testicular and ovarian
tissue [6].

Classically, the histology of ovotestis has been described
as either mixed or bipolar [3,7,8]. Mixed ovotestis is more
common and is characterized by intermingling of testicular
and ovarian histology. In contrast, bipolar ovotestis has
been described as having a distinct testicular and ovarian
component implying the possibility of surgical separation.
The concept of separating an ovotestis into components of
either viable testicular tissue or ovarian tissue has impor-
tant clinical implications for patients with ovotesticular
syndrome in respect to endocrine function, possible
fertility and risk of malignancy in an ovotestis.

Patients with ovotesticular syndrome have variable
clinically presentations [7—9]. For example, a classic pre-
sentation of ovotesticular syndrome is a neonate with
atypical genitalia/severe hypospadias/under virilization
with an XX Karyotype and non-palpable gonads. Laparos-
copy may reveal two abnormal gonads with biopsy confir-
mation necessary to prove the presence of both ovarian and
testicular tissue. Another less common presentation is a
phenotypic male teenager presenting with cyclic testicular
pain. Exploration for a presumed diagnosis of torsion re-
veals a scrotal ovotestis with the pain presumed to be from
ovulation in the ovarian component of the scrotal ovotestis.
As noted, the diagnosis of an ovotestis is based on the
histologic presence of both testicular and ovarian tissue
with attempts at biochemical diagnosis based on the levels
of FSH and LH during male and female minipuberty being
too variable [10].

In both clinical scenarios we have wondered about the
ability to accurately separate the testicular and ovarian
component of an ovotestis. To address this issue, we
retrospectively re-reviewed the histology of ovotestis in
patients with ovotesticular syndrome.

Methods
Specimen collection & fixation

This study was performed after approval from the com-
mittee on human research at the University of California,
San Francisco (UCSF IRB #: 16—19909). MTA transfer
agreements were completed with collaborating centers
(University of lowa and Southwestern Medical center).
Electronic medical center databases including pathology
records were queried for the diagnosis of ovotesticular
syndrome and true hermaphrodite (previous descriptor for

ovotesticular syndrome) and ovotestis as a pathologic
diagnosis.

Hematoxylin & Eosin (H&E) Histochemical and
Immunohistochemistry (IHC) staining

Serial sections from each retrieved block were cut at 7 um,
and 4-5 sections were mounted on glass slides (Superfrost
Plus, Fisher Scientific, Pittsburgh, PA). Sections were
stained with H&E, IHC markers for testicular (SOX9, TSPY,
SALL4, DDX4, cP450, AR, a-actin) [4] and ovarian tissue
(FOXL2, SALL4, DDX4) [5].

Sections were photographed at 5—40x using a Leica DM
4000B microscope and Leica DFC 500 and DFC 7000T cam-
eras using Leica Application Suite versions 4.1 and 4.13.
Low power images were used for overall staining assess-
ment and to determine the presence of an entire ovotestis
cross section versus an ovotestis biopsy. Higher power im-
ages were used for more precise description of staining and
the presence of testicular cords, ovarian follicles, ovotes-
ticular cords and follicles [6].

Results

We reanalyzed 20 gonads with a pathologic diagnosis of
ovotestis. 6 of the specimens did not meet our criterion for
the diagnosis of ovotestis as they were without histologic
evidence of both testicular cords and ovarian follicles. Four
had clear evidence of a testicular component but lacked
the presence of primordial or primary ovarian follicles,
instead containing ill-defined, non-specific "ovarian
stroma” or “ovarian like stroma”. One had histologic
characteristic of a gonadblastoma, and one had charac-
teristics of a streak gonad. Phenotypically all six of these
patients had under virilization with presumed failure of
gonadal function of the testicular component of the gonad
along with retained Mullerian structures.

The remaining 13 patients, from which 14 ovotestis
specimens were available for review, each contained
ovotestis as defined by the presence of testicular and
ovarian tissue. The Table summarizes the characteristics of
each ovotestis with location of the ovotestis (when known),
karyotype, age at biopsy/removal, biopsy versus removal
and type of ovotestis (bipolar or mixed). Note that these
specimens span a 38-year window from 1984 to 2022 hence
some of the clinical information was not available (NA).

Seven of these specimens had low power confirmational
histologic images that included the entire ovotestis and
could be completely evaluated for a potential surgical
plane of separation. 5 of the 7 were mixed ovotestis and 2
were defined as bipolar. The other seven specimens were
consistent with an ovotestis biopsy without complete bor-
ders. 6 of 7 of the biopsy specimens were mixed and one
bipolar. For the seven specimens that included the entire
ovotestis, 6 had ovotesticular cords and 3 had the presence
of ovotesticular follicles. None of the seven specimens
where the gonad was removed had a clear surgical plane
where testicular or ovarian components could be
isolated. A common finding noted was the presence of a
thin outer layer of ovarian component surrounding the
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Table Characteristics of ovotestis.
Patient Gonad/Location Karyotype Age at biopsy/removal Biopsy versus Pathology
Gonad Removal
1 Left 46,XX/47 ,XXY 5 months Gonad removal  Mixed
Abdominal mosaic Ovotestis
1 Right 46,XX/47 ,XXY 1 month Biopsy Bipolar ovotestis
Abdominal mosaic
2 NA XY with partial chr 10 months Gonad removal  Mixed ovotestis
9 deletions
3 Scrotal 46,XX/46,XY 20.5 years Biopsy Mixed ovotestis/Ovarian
mosaic Stroma
4 Scrotal 46,XX 7 months Biopsy Mixed ovotestis
5 Scrotal 46 XX SRY negative 8.4 years Gonad removal  Bipolar
Ovotestis
6 External ring 46,XX/47,XXY. 2.1 years Biopsy Mixed ovotestis
Mosaic
7 Scrotal 46 XX SRY negative 17.4 years Gonad removal  Mixed ovotestis
8 Abdominal 46 XX 2-month-old Gonad removal  Bipolar ovotestis
9 NA 46XX 1 month Biopsy Bipolar
Ovotestis
10 NA 46 XX 2-year-old Gonad removal  Mixed ovotestis
11 NA 46 XX NA Biopsy Mixed ovotestis
12 NA 46 XX NA Gonad removal  Mixed ovotestis
13 Right 46 XY DMRT1 13 months Biopsy Mixed ovotestis
Abdominal variant
Bipolar Ovotestis Specimen 2-month-old 46,XX
Fig. 1 2-month-old patent with a bipolar ovotestis, XX karyotype. A. Immunohistochemical staining for SOX9 which localizes to

Sertoli cells defining testicular cords in the testicular compartment (*). B. FOXL2 staining of the granulosa cells of the primordial,
primary and secondary follicles in the ovarian compartment. C. Low power of the entire bipolar ovotestis showing the ovarian
(pink), testicular (blue) and the mixed compartments. Note that the ovarian compartment wraps around the testicular
compartment making a clean surgical separation difficult. D. Cytochrome P450 staining in the mixed compartment showing the
proximity of the testicular cords (*) to the ovarian follicles (yellow arrowhead). E. SALL4 nuclear staining in the ovarian
compartment. Note the primordial follicles (green arrows), primary follicles (yellow arrows) and secondary follicles (blue arrows).
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testicular component with a mixed layer of both seminif-
erous cords and follicles, in-between (Figs. 1 and 2).

Another theme was the presence of a testicular
compartment surrounded by multiple ovarian compart-
ments with mixed elements in between (Fig. 3).

A third theme was the presence of a distinct testicular
and ovarian compartment with mixed layer containing both
ovotesticular cords and follicles in between (Fig. 4).

The remaining seven ovotestis biopsy specimens also did
not have a clear surgical plane for isolating either the
testicular or ovarian compartment.

Discussion

Ovotesticular syndrome is a rare difference of sex devel-
opment characterized by the presence testicular and
ovarian tissue which if in the same gonad is called an
ovotestis. The pathophysiological mechanisms that lead to
development of an ovotestis is only partially understood at
the genetic and cellular level, timing of expression of sex
determining factors [11]. Ferrari and colleagues have
recently reviewed the genetic basis of 46,XX testicular and
ovotesticular DSD, summarizing that 13 autosomal genes
and the SRY gene are known to cause testicular differen-
tiation when over or under-expressed in 46,XX individuals
[11]. Despite this knowledge, the majority of ovotesticular
DSD cases remain unexplained genetically, underscoring the

fact that much remains to be discovered. This is important
when consideration is given to fertility preservation efforts
and the potential impact on offspring.

The presence of both testicular and ovarian tissue in the
same patient can lead to incongruent clinical outcome. For
example, a patient that identifies as female that has
functional testicular tissue can undergo virilization. In a
patient that identifies as male the presence of functional
ovarian tissue can lead to gynecomastia and uterine func-
tion/endometriosis in the presence of retained Mullerian
tissue. Thus, these concerns led to the genesis of the
clinical concept advocating separation of the discordant
tissue in the ovotestis to either testicular or ovarian tissue
prior to the onset of puberty.

In a recent review of the histology of patients with
ovotestis, we identified two new histologic structures,
ovotesticular follicles and ovotesticular cords, that can
facilitate the diagnosis of ovotestis [6]. During this inves-
tigation we observed that surgical separation of specific
components of an ovotestis, with the hope of preserving
functional testicular or ovarian tissue would be difficult. In
three specimens, we identified a thin rim of ovarian tissue
surrounding the testicular component with a mixed layer in
between. Shaving off viable ovarian tissue without
including either mixed ovotesticular tissue or part of the
testicular component did not seem technically possible. To
further investigate whether ovotestis can be surgically
separated into ovarian and testicular components, we

Mixed Ovotestis Specimen, 2-year-old 46,XX

Fig. 2

v |\/||xed

2-year-old patent with a mixed ovotestis, XX karyotype. A. Immunohistochemical staining for cytochrome P450 showing

testicular cords (*) surrounded by P450-positive Leydig cells. B. FOXL2 staining of the granulosa cells of the primordial and primary
follicles. Primordial follicles are depicted with green arrows and primary follicles with yellow arrows. (K). Low power of the entire
mixed ovotestis stained with SOX9 (C) and FOXL2 (D). Note the thin layer of the ovarian component and surrounding the entire
testicular component and the mixed areas containing both testicular and ovarian tissue (A & B) making a clean surgical separation

difficult. Adapted from Fig. 4 [6]
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Mixed Ovotestis 5-month-old 46, XX/47, XXY
D1A1

Fig. 3  5-month-old patent with a mixed ovotestis, 46, XX/
47XXY karyotype. A & B. Low power immunohistochemical
staining for SOX9 and FOXL2 respectively. Note the testicular
tissue surrounded by three separate ovarian components
making a clean surgical separation difficult. C & D High power
from A stained with SOX9 staining defining Sertoli cells in the
testicular component. E. DDX4 staining of the ovarian follicles.
F & G. High power from B stained with FOXL2 staining defining
granulosa cells in the ovarian component. H. TSPY staining of
the germ cells in the testicular compartment.

restudied 14 histologic proven cases of ovotestis defined by
the presence of both ovarian and testicular tissue. Serial
sectioning and histologic evaluation of the entire gonad was
possible in 7 of the cases. None of these specimens had a
clear surgical plane where testicular or ovarian components
could be isolated cleanly. Often the ovarian component was
composed of a thin layer of follicles, surrounded the
testicular component with a mixed layer of both seminif-
erous cords and follicles, in-between. The remaining seven
ovotestis biopsy specimens also did not have a clear surgical
plane for isolating either the testicular or ovarian
compartment. In ovotestis that were bipolar (Fig. 1) we
observed a thin cap of ovarian tissue that covered the
testicular component again making a clean surgical sepa-
ration difficult. In the majority of specimens, we saw areas
of mixed tissue composed of both testicular and ovarian
components as well as ovotesticular follicles and ovotes-
ticular cords.

The incidence of cancer in patients with ovotestis has
been estimated to be approximately 2.5 %, low when
compared to the cancer incidence of 30—40 % in patients
with gonadal dysgenesis [12,13]. This is similar to the can-
cer risk in patients with Complete Androgen Insensitivity
and could reflect the known increased cancer that occurs
with an intraabdominal testis [14]. The literature docu-
ments case reports of cancer in ovotestis such as seminoma
presumably arising from the testicular component of an
intraabdominal ovotestis [15,16]. A case of Leydig cell
tumor in an ovotestis has also been reported, presumably

also from the intraabdominal testicular component of the
ovotestis [17]. Cancer has also been reported in the ovarian
component of an ovotestis with a report of dysgerminoma
[18]. Finally, there is also a case report of a sex cord tumor
with annular tubules with morphologic features interme-
diate to those of granulosa cell and Sertoli cell tumors [19].
The one common feature in all these patients is that they
tumor occurred in the post pubertal period and in an
intraabdominal ovotestis.

The testicular component of ovotestes tends to be dys-
genetic compared to the ovarian component [20]. This may
explain why fertility is predominantly reported from the
ovarian component of patients with ovotesticular syn-
drome. Gomes reported spontaneous pregnancy in 11
women with ovotesticular syndrome whereas pregnancy
reported from a single male patient was achieved by sperm
extraction and intracytoplasmic sperm injection [21].

As is being done for pediatric cancer patients, gonadal
biopsy and spermatogonia or ovarian oocyte preservation
may prove to be beneficial for future fertility in patients
with ovotestis [22,23], with the negative caveat of the
potential to transfer genetic mutations to the offspring.
Given the advances in stem cell therapies for male infer-
tility [24] and in testis organoid development in animal
models [25], the future appears bright for individuals with
ovotesticular DSD.

The significance of leaving discordant testicular or
ovarian tissue, ovotesticular follicles, or ovotesticular cords
in a patient with ovotestis remains unknown. In patients
with ovotestis, after puberty the ovarian tissue tends to
dominate with ovulation occurring in ~25 % of patients and
normal menstruation in the majority of patients with
retained Mullerian structures [20]. It is known that estrogen
production can have deleterious effects on the testis
effecting both sperm production and androgen production
[26,27]. As noted in patients with ovotesticular syndrome
identifying as male the effects of estrogen can manifest
itself be causing gynecomastia or menstrual hematuria. In
patients identifying as females where testicular function is
not suppressed, testosterone can cause virilization/male
secondary sexually characteristics.

After attempting surgical separation of an ovotestis, it is
theoretically possible to assess for the presence of retained
testicular tissue by HCG stimulation and measuring for the
presence of testosterone [28]. Alternatively, depending on
the age of the patient the presence of Mullerian Inhibiting
Substance also suggests retained testicular tissue [28]. To
detect the presence of ovarian tissue in a prepubertal pa-
tient, both FSH and LH can be given with post stimulation
assessment of inhibin and estrogen and sonography docu-
mentation of follicular growth in the intraabdominal gonad
[29,30].

Based on the histologic evaluation of the entire ovotestis
as well as ovotestis biopsy specimens it does not appear
possible to cleanly surgically separate the testicular and
ovarian component. We have reservations with the concept
in both mixed and bipolar ovotestis that it is possible to
surgically preserve either the ovarian or testicular compo-
nent without leaving incongruent tissue when performed
traditionally with gross or magnified vision. While bilateral
gonadectomy is an option, alternative strategies will need
to be developed to attempt clean gonadal dissection. In the
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Mixed Ovotestis XX
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10-month-old patent with a mixed ovotestis, XX karyotype. A & B. SOX9 and FOXL2 staining respectively in the mixed area

highlighting the presence of ovotesticular follicles (light blue) and ovotesticular cords (purple). C & D Low power SOX9 and FOXL2
staining respectively showing the mixed area with the presence of ovotesticular follicles and ovotesticular cords between the

testicular and ovarian compartment.

case of complete removal of the ovotestis, cryopreserva-
tion of the ovarian component even in pre pubertal children
with subsequent reimplantation has proven to be successful
for future endocrine function and fertility [31]. Ovarian
cryopreservation is standard of care for childhood oncology
patients when the ovary is at risk from chemotherapy or
radiation [32]. Testicular preservation, however, is pres-
ently researched based but may in the future prove to be
successful in preserving germ cell function with resultant
male fertility. Both, techniques assume that the testicular
and ovarian components of the ovotestis can be separated
either in vivo or ex-vivo.

While not yet tested, one consideration might be of an
intraoperative or ex-vivo resection akin to Mohs micro-
graphic surgery methods for skin cancer [33] to attempt to
achieve only one gonadal type at the end of surgery.
Otherwise, the clinical implications of leaving gonadal tis-
sue inconsistent with the patients identifying gender iden-
tity remains unknown.
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