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Mouse Mesonephros in Fetus Period is Necessary for
Differentiation of Primordial Germ Cells in Ectopic
Kidney Capsule
Kazuei Matsubara
Mouse Primordial Germ Cells (PGCs) proliferate and migrate into the Genital Ridges
(GRs) and the urogenital complex (UGC) is then constructed from the GR and the
mesonephros. However, the mesonephros disappear at an early stage of subsequent
embryonic development and the interaction between mesonephros and PGCs are not
well understood. In the present study, it has been investigated the need of mesonephros
in PGC differentiation by the ectopic transplant. The GR or UGC of female mouse
12.5 days post coitum (dpc) were transplanted into the kidney capsules of female
immunodeficient mice. At 4 and 8 weeks after transplantation, the kidney capsules were
recovered and the cell types in the grafts were identified by histological analysis. In
UGCs graft of 4 weeks after transplantation, the follicles containing with growing
oocyte were observed in all recipient kidney. The structures had the characteristics of
secondary follicles with zona pellucida and multi-layered granulosa cells. Antibody
staining indicated that these follicles differentiated from PGCs and were not apoptotic.
But, no follicles were observed at 4 weeks in transplantation of GR without
mesonephros. Similarly, follicles were not present at 8 weeks after transplantation of GR
or UGC. The mesonephros is necessary for forming the follicles into kidney capsules
of recipient immunodeficient mouse. However, the transplantation of UGCs in ectopic
kidney capsules should be performed within 4 weeks in order to study the processes of
follicular formation/development.
Key words: Ectopic transplantation, gamete formation, mouse PGCs, mesonephros

ANSI

Asian Network for Scientific Information

Laboratory of Animal Sciences, Iwate University, Iwate, Japan

49

J. Med. Sci., 16 (3): 49-55, 2016
INTRODUCTION

rete tubuli had not yet invaded to the gonads at 12 dpc,
but it was lying entirely outside the ovary as extra ovarian rete.
Also, the meiotic prophase had not started. Therefore,
Byskov (1974) reported that the rete system (rete ovarii and
rete tubuli) derived from mesonephros were important to
subsequent ovarian follicle formation and meiosis initiation,
this small organ was not the simple persistence for fetus and
associated with the differentiation of the germ cell.
Transplantation of mouse embryos into the kidney capsules
of nude mice resulted in the formation of teratoma
(Van Berlo et al., 1990). Similarly, the teratomas developed
after the transplantation of bovine GRs at 34 and 37 dpc
(Choi and Anderson, 1998) or after transplantation of embryo
germ cells (Durcova-Hills et al., 2003). With regard to oocyte
growth, normal mouse oocytes and follicles can develop after
transplantation of infant ovarian cells (Eppig et al., 2000) in
combination with follicle culture techniques (Liu et al., 2000).
Essentially, the same approach has been used with oocytes of
pigs (Kaneko et al., 2003) and cattle (Senbon et al., 2004).
On the other hand, Ozdzenski (1972) reported that ovaries
were observed at 8-16 days after transplantation in the kidney
capsules of an inbred strain mice which 11.5 dpc GRs of same
strain were transferred. However, the oocytes observed in
these ovaries were inviable. Qing et al. (2008) transplanted the
mouse GR or UGC of 12.5 dpc in kidney capsule of recipient
female mouse which surgically removed both ovaries and
confirmed an ovarian follicle in kidney capsule over 3-4 weeks
after transplantation of GR groups without mesonephros. As
a result, they concluded that the mesonephros was not
necessary for the ectopic transplantation of the gonad of
12.5 dpc. Furthermore, Ohta and Wakayama (2004)
succeeded in producing round spermatids at 9-10 weeks after
transplantation of 12.5 dpc mouse GRs under the dorsal skin
of nude mice, but no mature sperm were formed. However, the
contradiction exists in these reports, because in order to
initiate meiosis, RA secreted from mesonephros is need. In
spite of these accumulated findings, the behaviors of PGCs
and a role of mesonephros in the grafts are still far from
sufficiently understood and have be contradiction. Therefore,
if the mesonephros disappears during development is
necessary for the differentiation of PGCs, the formation of
mature gametes might occur in recipient kidney capsules after
transplantation of 12.5 dpc UGC. In the present study, in order
to determine whether mesonephros is necessary for
differentiation of PGCs and growth of follicle, the female
mouse GR or UGC of 12.5 dpc was transplanted into the
kidney capsules of immunodeficient mice.

Mouse Primordial Germ Cells (PGCs), which are first
identified in the extra-embryonic mesoderm by alkaline
phosphatase staining, proliferate and migrate into the Genital
Ridges (GRs) at 11.5~13.5 days post coitum (dpc)
(Ginsburg et al., 1990). At 13.5 dpc, the mouse female fetus
has about 25,000 PGCs in the GRs (Mintz and Russell, 1957;
Tam and Snow, 1981) and these gradually differentiate to form
oocytes from 13 dpc. At about the same time, the female GRs
are formed into the ovary.
On the other hand, the kidney is derived from intermediate
mesoderm and the primordial kidney, mesonephros and
metanephros are formed. The GRs forms the urogenital
complex (UGC) in association with the mesonephros.
However, in a process of the kidney development, the
primordial kidney and mesonephros disappears during the
differentiation. The mesonephros produces the Retinoic Acid
(RA) synthesizing enzyme (RALDH2) and RA moves from
the mespnephros into the adjacent gonad through open
mesonephric tubles (Bowles and Koopman, 2007). Germ cells
do not initiate meiosis in cytoplasmic protein Stra8-null mice
(Baltus et al., 2006), so RA must trigger meiosis by inducing
Stra8 (Oulad-Abdelghani et al., 1996).
The understanding of the formation and development
of oocytes from PGCs has improved in recent years
(Barnett et al., 2006), however, there are still some areas of
uncertainty, because these processes occur over a very short
time scale. One approach used to study of these processes is
culture of mouse fetal gonads, GRs or UGCs. Recent advances
in culture technology have made it possible to produce oocytes
from cultured gonads (Klinger and de Felici, 2002;
Obata et al., 2002; Shen et al., 2006, 2007). Mayanagi et al.
(2003a) achieved proliferation of PGCs using culture of mouse
UGCs in combination with intra-species serum, but the
inducing differentiation of PGCs in GR proved difficult.
However, in the recent study, it was reported that 12.5 dpc
mouse PGCs differentiated to ova by the culture technique
and completed in vitro generation of fertile oocytes
(Morohaku et al., 2016). Another approach is to transplant
embryo gonads into ectopic tissue of other animals in order to
provide an in vivo environment. This approach has been used
for various cell and tissue types (Byskov et al., 1977;
Byskov, 1974; Donnez et al., 2006; Qing et al., 2008;
Snow et al., 2002; Stevens, 1970).
Byskov et al. (1977) and Byskov (1974) transplanted the
mouse ovary of 12 dpc into subcutis of nude mouse (BALB/c
Nu/Nu). The transplanted ovary was divided to three parts:
‘Pure’ gonadal tissue without extraovarian rete tubuli, adherent
extraovarian rete tubuli and mesonephric remnants. As the
result, the ‘Pure’ gonadal tissue without extraovarian rete
tubuli contained only oogonia and oocytes and follicles were
never seen in the graft for 14 days. But, in another graft tissue,
oocyte and small and medium seized follicles were seen. The

MATERIALS AND METHODS
Animals: Eight weeks old SPF/VAF Crlj: CD1 mice (ICR
mice) and SPF/VAF Crlj: CD1-Foxn1nu mice (ICR-nu mice)
were obtained from Charles River Laboratories Japan Inc.
(Kanagawa, Japan). Female mice were mated with males of
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the same strain and 12:00 pm on the day of vaginal plug
detection was defined as 0.5 dpc. All mice were housed under
a 12 h (7:00-19:00) light-dark cycle at 22-24EC in a barrier
cage. The ICR and ICR-nu mice were fed ad libitum with
rodent diet CE-2 (CLEA) and rodent diet CL-2 (CLEA),
respectively. All mice had ad libitum access to sterilized
water. The experimental protocols were reviewed and
approved by the Animal Ethics Committee of Iwate
University.

slides, treated with Periodic Acid Schiff (PAS) kit
(Sigma-Aldrich, USA) and stained with hematoxylin and
eosin. The sections were also treated with rabbit anti-mouse
PGC IgG polyclonal antibody labeled with FITC
(Mayanagi et al., 2003a, b) produced in author’s laboratory.
This antibody specifically recognizes mouse 11.5-12.5 dpc
PGCs. Skim milk was used as the blocking reagent.
Fluorescence was observed by fluorescence microscopy
(Olympus, AX-80, Japan). Slides on which secondary follicles
were observed were treated with rabbit anti-single-stranded
(anti-ss) DNA monoclonal antibody (Dako Cytomation,
Carpinteria, CA, USA); this antibody detects apoptotic cells.
Normal donkey serum was used as the blocking reagent.
Donkey anti-rabbit IgG labeled with biotin (Jackson Immune
Research, USA) was used as the secondary antibody and the
tissues were stained with ABC solution (Vector Laboratories,
Inc., USA) and DAB reagent (Dojindo, Japan).

Transplantation into and recovery of recipient kidneys:
Transplantation was performed on a sterile bench. Pregnant
ICR mice were sacrificed at 12.5 dpc by cervical dislocation
and the embryos were dissected into a petri dish containing
Hank’s Balanced Salt Solution (HBSS). The GRs or UGCs
were then obtained from the embryos by microsurgery and
were collected in a 96-well microplate (Falcon; Becton
Dickinson Labware, Franklin Lakes, NJ, USA) containing
HBSS. The GR and mesonephros were separated from the
UGC. The plates were placed on ice until use. Female gonads
were selected by morphology (Fig. 1) for transplantation into
the kidney capsule of recipient ICR-nu mice. Eight weeks old
female mice were anaesthetized using sodium pentobarbital
(Nembutal 0.01 mL gG1 i.p.) and held in a prone position. A
single GR or UGC from female ICR mice was transplanted
using fine forceps under a kidney capsule of the recipient
ICR-nu mice. In total, 16 GRs or 16 UGCs were transplanted
into the kidney capsules of 8 recipient ICR-nu mice,
respectively. The kidneys of the ICR-nu recipient mice were
analyzed at either 4 or 8 weeks after transplantation
according to the reports of Qing et al. (2008) and Ohta and
Wakayama (2004). In the present study, both ovaries of
recipient female mouse were not removed.

RESULTS
Eight GRs (6 at 4 weeks, 2 at 8 weeks) had completely
disappeared from the transplantation sites (Table 1). However,
GRs were identified in the other 8 kidney capsules (2 and 6
grafts recovered after 4 or 8 weeks, respectively). These grafts
showed histological changes compared to their appearance
before transplantation: Two grafts had formed a water vacuole
at 8 weeks (Fig. 2a), the other 6 grafts (2 grafts at 4 weeks,
4 grafts at 8 weeks) had enlarged (Fig. 2b).
With respect to the transplantation of UGCs, 12 grafts
were identified, the other 4 grafts had disappeared at
4 (1 graft) or 8 (3 grafts) weeks after transplantation. Five
of the identified grafts did not show any change to their
appearance after transplantation (Fig. 2c) (3 and 2 grafts
recovered after 4 and 8 weeks, respectively), 4 grafts had
formed a water vacuole (each 2 grafts at 4 and 8 weeks) and
3 grafts had formed fatty material (2 and 1 grafts at 4 and
8 weeks, respectively). Three grafts that showed no apparent
change after 4 weeks had some follicles in the kidney medulla
(Fig. 3a-c). These follicles were secondary follicles with
multi-layered granulosa cells around a growing oocyte.
Formation of the zona pellucida around the oocytes was
confirmed by PAS staining (Fig. 3d, e). However, the react of
the zona pellucida and PAS was very weak and indistinctness.

Histological analysis: After removal from the mice, the
kidneys were fixed with 15% formalin solution and processed
for preparation of 10 µm sections that were cut using a with
microtome. The sections were attached to glass microscope
(a)

2

(b)
2

1

3

Table 1: Outcomes of transplantation of mouse genital ridges and urogenital
complexes under the kidney capsules of ICR-nu mice
No. of GR
No. of UGC
-------------------------------------------------Morphology
4 weeks
8 weeks
4 weeks
8 weeks
Unchanged
0
0
3
2
Enlarged
2
4
0
0
Vacuolated
0
2
2
2
Fatty material
0
0
2
1
Disappeared
6
2
1
3
Total No. of grafts 8
8
8
8
GR: Genital ridges and UCG: Urogenital complexes

1

Fig. 1(a-b): Mouse male and female 12.5 dpc urogenital
complexes identified by morphology, (a) Male
UGC and (b) Female UGC. These gonads could
be distinguished by the presence of primitive
testicular cords (3) in the male. (1) A genital ridge
and (2) A mesonephros
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1 mm

(c)

Fig. 2(a-c): Morphology of transplanted GR/UGC in ICR-nu mouse kidneys at 4 and 8 weeks after transplantation, (a) Water
vacuole at the transplantation site, (b) Enlarged graft at the transplanted site (ellipses) and (c) The graft shows little
or no change from the appearance at transplantation (ellipses)
(a)

(b)

500 µm

150 µm

a
b

c

(c)

(d)

75 µm

(e)

25 µm

10 µm

Fig. 3(a-e): Histological sections of the kidney of ICR-nu mouse with secondary follicles at 4 weeks after transplantation of UGC.
(a) Overview of follicles in the kidney cortex (HE stain), (b, c) The same follicles at higher magnification, showing
that they are enclosed by a granulosa cell layer(s) and (d, e) Oocyte, in a secondary follicle with zona pellucida
(arrow), PAS: Stain positive
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Fig. 4(a-c): Kidney of an ICR-nu mouse, 4 weeks after transplantation of UGC with secondary follicles stained with the anti-ss
DNA antibody. (a) Overview of the tissue including secondary follicles (arrow), (b) Tissues of except secondary
follicles and (c) Granulosa cells stained with the anti-ss DNA antibody. The oocyte and zona pellucida (arrow) were
not stained
1990). On the other hand, according to the report of Ozdzenski
(1972), the transplanted female 11.5 dpc GR formed ovaries in
the kidney capsule at 8-16 days after transplantation, but
the oocytes in these ovaries were very small and inviable.
Qing et al. (2008) concluded that the mesonephros was not
necessary for the ectopic transplantation of 12.5 dpc gonad.
They indicated the possibility that other tissues in the host
mice, such as kidney, secrete RA to promote the development
of transplanted gonads. However, whether or not RA from the
kidney of an adult mouse is secreted is not known. The
difference between Qing et al. (2008) and the present study is
whether or not removed the recipient ovaries. If there is no
ovary in recipient mouse, PGC in GR without mesonephros
will be able to initiate meiosis? Hashimoto et al. (1992) and
Hayashi et al. (2012) surgically removed the 90-80% of a
female mice ovaries and transplanted the reconstruction ovary
which was removed the 12.5~14.5 dpc fetal mouse
mesonephros in ovary capsule or ovarian bursa of the treated
recipient mouse. As the results, they were formed follicles
from GR transplanted into ectopic ovarian and succeeded to
obtaining a litter from their follicles. On the other hand, in the
kidney capsule of ovariectomized female mice, transplanted
together with PGCs and gonadal somatic cells without
mesonephros (Matoba and Ogura, 2011). In these studies,
PGCs-derived follicle has been observed in the ectopic
transplanted organ. The cause of these contradiction is unclear,
but possibly the hormone secreted from recipient ovaries may
decide subsequent fate of ectopic graft. The RA is generated

Some of the follicle had a thin layer of granulosa cells. The
oocyte in follicles did not react with rabbit anti-mouse PGC
IgG nor with rabbit anti-ss DNA monoclonal antibody.
However, the granulosa cells around of the zona pellucida
reacted with the rabbit anti-ss DNA monoclonal antibody
(Fig. 4). In addition to clearly identifiable follicles, other
follicle-like structures were present in the graft.
DISCUSSION
In the present study, PGCs in 12.5 dpc UGCs transplanted
into recipient kidney capsules formed the secondary follicles
with oocyte surrounded by zona pellucida. And the follicles
were enclosed from granulosa cells at 4 weeks. But, no follicle
was recognized at GR transplantation group without
mesonephros. Therefore, under the conditions of this study, it
is concluded that the mesonephros is necessary for the
differentiation of PGCs in recipient kidneys at early period of
development. However, the role of mesonephros for follicle
development is still in confusion.
Byskov et al. (1977) and Byskov (1974) indicated that the
rete system derived from mesonephros were important to
subsequent follicle formation and meiosis initiation. Also,
Choi and Anderson (1998) reported that the teratomas
developed in kidney capsule of nude mouse after
transplantation of mouse 11.5 dpc GR and bovine 34 or 37 dpc
GR. Other researcher also reported that GR transplanted into
the mouse kidney could form teratomas (Van Berlo et al.,
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from mesonephros and the meiosis initiation start by this
material (Bowles et al., 2006; Koubova et al., 2006). The RA
generated from mesonephros of UGC graft may develop
secondary follicles from PGCs. Eppig et al. (2000)
transplanted the mouse infant ovarian cells into the kidney
capsules of SCID mice and succeeded to producing normal
mouse oocytes and follicles. Therefore, the mesonephros may
be unnecessary at later stages of follicle development. Only
when oocytes differentiated from PGCs (i.e., the initiation of
meiosis), the mesonephros or rete system may be necessary.
In the present study, the absence of reaction by anti-mouse
PGC IgG indicates that the secondary follicles differentiated
from PGCs in UGC and the transplanted UGCs were able to
form secondary follicles in the recipient kidney medulla at
4 weeks. Choi and Anderson (1998) observed teratocarcinoma
cells in the kidney cortex. The unthinkable fact that the
follicles developed in the kidney medulla indicates that some
PGCs and mesonephros later developed to oocytes or rete
system, respectively. However, it is not evidence that the
mesonephros differentiate to rete system. The PGCs possess
the ability to migrate and differentiate in the kidney medulla
where nutrition is abundant. The kidney medulla may provide
more suitable conditions for germ cell growth than the kidney
cortex/capsule. The histochemical examination by PGCs
specific antibodies (i.e., SSEA-1 (Solter and Knowles, 1978),
Oct3/4 (Scholer, 1991) and MVH (Castrillon et al., 2000)
etc.) will in future need. In the present study, follicles were not
observed in kidneys at 8 weeks after transplantation of UGCs
and the granulosa cells observed at 4 weeks reacted with the
anti-ss DNA monoclonal antibody. Therefore, these follicles
may disappeare between 4-8 weeks by apoptosis. Eight weeks
may be too long to sustain mouse follicular organization in the
ectopic kidney. The transplantation should be performed
within 4 weeks in order to study the processes of follicular
formation/development.
On the other hand, germ cells do not initiate meiosis in
cytoplasmic protein Stra8-null mice (Baltus et al., 2006).
Koubova et al. (2014) cultured 12.5 dpc mouse UGCs with the
culture media supplemented with either pan-RAR inhibitor
BMS-204493 or all trans. After 48 h, mesonephros was
dissected off and ovaries were then processed for quantitative
RT-PCR. As a result, Rec8, like Stra8 could be a target of
RA signaling and since Dazl expression was required for
ovarian germ cells to respond to RA signaling, as with Stra8
expression, expression of Rec8 required both Dazl and RA.
Also, in the resent study, Morohaku et al. (2016) succeeded to
reconstitute of the entire process of mouse oogenesis in vitro
from PGCs, using an estrogen-receptor antagonist that
promotes normal follicle formation. Seven pups were borne
from the cultured gonad. Therefore, the mesonephros is not
necessary to support the meiosis of PGC in vitro culture, it
seems to be able to growing the follicles by adding RA or
estrogen etc. in the culture medium. However, in order to
initiate meiosis of PGC in vivo, the organs (i.e., mesonephros)
that secrete triggers such as RA prompting the expression of
Stra8 and Rec8 is necessary.

CONCLUSION
The mesonephros is necessary for differentiation of PGCs
in vivo in ectopic kidney. Furthermore, its transplantation
should be performed within 4 weeks in order to study the
processes of follicular formation/development. Transplantation
of mouse 12.5 dpc UGCs into the kidney of recipient mouse is
an effective procedure to study the behavior of PGCs in vivo
during development.
SIGNIFICANT STATEMENTS
These findings suggest that only PGCs affected of
mesonephros is able to initiate the meiosis and differentiate
into germ cells in vivo. Our method will assist in
understanding the role of mesonephros on the meiosis of
female primordial germ cells.
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