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Abstract. Mouse ovarian primordia on the 12th or 13th day of gestation frequently developed
testicular structures in addition to ovarian structures by the 14th day after transplantation into
a site beneath the kidney capsules of adult male mice. Electron microscopic examination of the
testicular portion of ovotestes revealed all types of testicular somatic cells, i.e., Sertoli, myoid,
and Leydig cells, but not spermatogenic cells. On the other hand, after transplantation into adult
female mice ovarian grafts developed only ovarian structures. We conclude that female gonadal
somatic cells differentiate into testicular components in a male host environment.

Sexual differentiation in mammals involves
a sequence of events. Genetic sex is deter-
mined at fertilization by the combination of
sex chromosomes, which are in turn respon-
sible for gonadal development. A gene(s) lo-
cated on the Y chromosome, interacting with
autosomal genes, induces testicular differen-
tiation, and in its absence, gonadal primordia
differentiate into ovaries (1). However, the
mechanism by which the genes control go-
nadal differentiation is not clear. One way to
elucidate the mechanism is to study the con-
dition(s) under which gonadal sex can be re-
versed experimentally.

Gonadal sex reversal in mammals that is
caused by mutation or translocation of genes
involved in testis determination has been re-
ported in the human, mouse, and goat. For
example, sex-reversed (Sxr) female mice de-
velop as phenotypic males with testes because
a segment of the Y chromosome is translo-
cated to the X chromosome (2). However, sex
reversal of mammalian gonads with normal
chromosomes is very rare. One example is the
freemartin condition in cattle, sheep, and
goats, where testicular components are formed
in the ovary when the circulation of a female
fetus is shared with that of a male (3, 4). The
mechanism of this phenomenon remains un-
clear, primarily because of the difficulty in
reproducing the freemartin condition exper-
imentally. For studying the regulation of go-
nadal sex differentiation, it is important to
establish an experimental system in which go-
nadal sex can be reversed frequently. It has
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been reported that fetal rat ovaries develop
testis-cord-like structures when transplanted
into a site beneath kidney capsules (5), into
the omenta (6), or into a subcutaneous (7),
intraocular (8), or scrotal (9) position of adult
rats. However, the tubular structures devel-
oped in the transplanted ovaries were not con-
sidered “testicular” by some investigators (10).

We report here that when transplanted into
adult male mice, mouse fetal ovaries fre-
quently developed testicular structures which
contained all types of testicular somatic cells.
On the other hand, fetal ovaries transplanted
into adult female hosts developed only ovarian
components. The results show that gonadal
somatic cells undergo testicular differentiation
in a male host environment, regardless of the
genetic sex of the gonads.

Materials and Methods. Ovarian primordia
with the mesonephroi attached were isolated
from mouse fetuses between the 12th and 16th
day of gestation (dg). The day when copulation
plugs were found was defined as Day 0.
SJL/J strain and NCS strain (Rockefeller Uni-
versity) mice were used. On the 12th dg or
later, fetal testes were distinguished from fetal
ovaries by observing for striation of testis cords
under a dissecting microscope. One of each
pair of fetal gonads was transplanted into a
site beneath the kidney capsules of an adult
male mouse, and the other into the same site
of an adult female mouse. On the 14th day
after transplantation, the gonadal grafts were
dissected out and processed for histological
examinations. For light microscopic study,
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tissues were fixed in Bouin’s solution, sec-
tioned with paraffin, and stained with he-
matoxylin and eosin. For electron microscopic
study, tissues were fixed in Karnovsky’s so-
lution (11) and embedded in Epon after OsO,
fixation. Semithin sections (100-nm thickness)
were stained with silver—methenamine solu-
tion and examined with a light microscope.

Results. Twenty-five fetal ovaries of NCS
strain on the 12th or 13th dg were transplanted
into male mice. As summarized in Table I,
20 ovarian primordia developed testicular
structures. Of these masculinized ovaries, 17
also developed follicular structures (ovotestes)
while 3 developed only testicular structures.
The ratio of testicular to ovarian structures
varied with each ovotestis. The other 5 ovarian
primordia developed only follicular structures.
In female hosts, on the other hand, all 12
ovarian primordia developed typical follicular
structures. Since the NCS mouse is outbred,
we repeated this experiment in SJL/J inbred
strain mice; 6 of 13 ovarian primordia de-
veloped testicular structures when trans-
planted into male hosts, whereas all 14 ovarian
primordia developed only ovarian structures
when transplanted into female hosts. In con-
trast to ovarian primordia transplanted on the
12th or 13th dg, fetal ovaries transplanted on
the 14th dg or later into male hosts did not
develop testicular structures (except for one
transplant in SJL/J), and formed well-ad-
vanced follicles containing oocytes of normal
morphology.

We examined the seminiferous tubules that
developed in ovarian transplants and identi-
fied well-differentiated testicular somatic cells.
Light micrographs of a representative ovotestis
are shown in Figs. 1 and 2. For comparison,
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a light micrograph of an ovary transplanted
into a female host is shown in Fig. 3; the mor-
phology, with follicular structures at various
stages of development (Types 2-5b according
to Peters’ classification) (12), was comparable
to that of 1-week-old mouse ovaries (13, 14).
The ovarian portions of the ovotestes con-
tained oocytes surrounded by follicular cells
whose developmental stages (mainly Types 2—
3b) were considerably retarded in comparison
with those of ovaries transplanted into female
hosts. Similar developmentally retarded fol-
licles were seen in the ovaries that were trans-
planted into male hosts and did not develop
any testicular structures, although these ova-
ries also contained more advanced follicles
(Types 2-5b). The testicular portions of the
ovotestes contained Sertoli cells and myoid
cells (or interlamellar cells) (15) composing
seminiferous tubules, and Leydig cells in the
interstitial region. In the seminiferous tubules,
oocytes were occasionally present, but sper-
matogenic cells were never observed. Electron
micrographs of the Sertoli cells (Fig. 4) showed
slightly advanced morphology, typical of that
observed in testes of the 2-week-old mouse
(16). Electron micrographs of myoid cells and
Leydig cells in ovotestes are shown in Figs. 5
and 6. As in the normal testis, numerous mi-
crofilaments were seen in the myoid cells of
the testicular portion of ovotestes, but not in
the theca cells enclosing the follicles in the
ovarian portion (and in the ovaries trans-
planted into female hosts). Furthermore, ul-
trastructures characteristic of steroidogenic
(Leydig) cells were found only in the interstitial
region of testicular portions, whereas in the
ovarian portions, such steroidogenic cells were
found only inside the follicles.

TABLE I. DEVELOPMENT OF OVARIAN PRIMORDIA TRANSPLANTED INTO ADULT MICE

Development into:

Mouse Developmental age Sex of Number of
strain of transplants® hosts experiments Testes Ovotestes Ovaries
NCS 12-13 Male 25 3 17 5
12-13 Female 12 0 0 12
14 Male 9 0 0 9
SJL/J 12 Male 13 2 4 7
12 Female 14 0 0 14
14-16 Male 9 0 1 8

¢ Day of gestation.
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F1G. 1. An ovotestis developed in a male host. Note three types of epithelial structures surrounded by
basal lamina and dense connective tissue; ovarian follicles (F), rete ovarii (RO), and seminiferous tubules
(ST). A remnant of degenerating oocyte (*) is seen in a seminiferous tubule. X60.

FIG. 2. Testicular part of the ovotestis shown in Fig. 1. The seminiferous tubule is surrounded by a layer
of myoid cells (MC), whereas Sertoli cells (SC) are arranged around the inside of the basement membrane
of the seminiferous cord. Note absence of germ cells. X90.

FIG. 3. An ovary developed in a female host. Well-developed follicles contain multilayers of granulosa
cells (GC) and large oocytes (O0). TC, thecal cells. X90.

Discussion. We showed that testicular
structures that developed in ovarian trans-
plants did not merely represent the different
arrangement of ovarian components, but in-
volved the differentiation of ovarian precursor
cells into testicular components. The capacity
of ovarian primordia to form testicular struc-

tures was restricted to those transplanted at
early stages of development (until the 13th dg)
and it appeared to be lost during the course
of ovarian differentiation. In NCS mice, tes-
ticular differentiation in male fetuses begins
on the 12th dg, whereas fetal ovaries remain
undifferentiated until the 13th dg, when pri-
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FIG. 4. Electron micrographs of a part of the seminiferous tubule of an ovotestis developed in a male
host. Note typical “intersertoli contact specializations™ (arrows) between Sertoli cells (SC). Myoid cells
(MC) are seen outside the basal lamina. Scale bar indicates 5 um. Inset: A part of an “intersertoli contact
specialization,” which is characterized by the presence of an intercellular space (about 7-9 nm) and a flat
cisternum of endoplasmic reticulum running parallel to juxtaposed Sertoli cell plasma membranes with
some ribosomes on the cytoplasmic side. Note the accumulation of a layer of electron-dense filamentous
material between the plasma membrane and the associated cisterna of the endoplasmic reticulum. Scale

bar indicates 0.2 um.

mordial germ cells start premeiotic DNA syn-
thesis without accompanying ovary-specific
organization (17). On the 14th and 15th dg,
germ cells enter meiotic prophase and are fre-
quently surrounded by epithelial cells, which
are probably precursors of granulosa cells.
These aggregates of somatic cells and germ
cells are enclosed by basement membranes
and designated as “sex cords” (14). It is our
contention that, when placed in the male en-

vironment, these sex cords develop into sem-
iniferous tubules, and the pregranulosa cells
differentiate into Sertoli cells; this hypothesis
is consistent with the findings of occasional
oocytes within the seminiferous tubules in
ovotestes (Fig. 1) and of epithelial cords con-
taining both Sertoli cells and pregranulosa cells
(data not shown). It is noteworthy that the
development of the Sertoli cells always co-
incided with the differentiation of surrounding
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FIG. 5. A part of a myoid cell of an ovotestis with numerous microfilaments (MF) occupying the
cytoplasmic matrix. N, nucleus. Scale bar indicates 1.0 pm.

FIG. 6. A part of a Leydig cell of an ovotestis with abundant lipid droplets (L), nucleus (N), and large
mitochondria (M) with tubular cristae. Scale bar indicates 1.0 pm.
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stromal tissue into testis-specific cells, i.e.,
myoid cells and Leydig cells. The same mech-
anism may be involved in the induction of
these three types of testicular components, or,
alternatively, the differentiation of one cell
type may induce that of the other.

The testicular structures that developed in
ovarian transplants were devoid of germ cells
except for occasional oocytes, which often de-
generated. This observation supports the find-
ing by other investigators that XX germ cells
do not transform into spermatogonia and
cannot survive in the testicular environment
(18). In contrast, it has been reported that XY
germ cells survive and enter meiosis preco-
ciously in an ovarian environment (18) or even
in a male environment outside the testis cord
(19). Therefore, sex determination of somatic
elements and that of germ cells appear to be
under the control of different factors. The
present study shows that gonadal sex reversal
resulting from transplantation is restricted to
the somatic elements.

The experimental model reported here has
provided a useful system for studying the
mechanism regulating sex differentiation of
gonadal somatic components. The present re-
sults indicate that mouse ovarian primordia
are bipotential for the direction of sex differ-
entiation, and the direction can be controlled
by factor(s) present in adult, and probably fe-
tal, male mice. This male-specific factor in-
duces differentiation of testicular cells and
thereby formation of seminiferous tubules.
However, the induction of testicular structures
in ovarian primordia might be indirect. It is
possible that a male host environment caused
the disappearance of oocytes, which in turn
prevented follicular development, and per-
mitted the precursor cells to differentiate into
testicular components; these three phenomena
were coincident in the development of ovo-
testes.
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