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ABSTRACT. An expressional lack of fibroblast growth factor 9 (FGF9) would cause male-to-
female sex reversal in the mouse, implying the essential role of FGF9 in testicular organogenesis
and maturation. However, the temporal expression of FGF9 and its receptors during testicular
development remains elusive. In this study, immunohistochemistry was used to identify the
localization of FGF9 and its receptors at different embryonic and postnatal stages in mice testes.
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Results showed that FGF9 continuously expressed in the testis during development. FGF9 had
highest expression in the interstitial region at 17-18 d post coitum (dpc) and in the
spermatocytes, spermatids and Leydig cell on postnatal days (pnd) 35-65. Regarding receptor
expression, FGFR1 and FGFR4 were evenly expressed in the whole testis during the embryonic
and postnatal stages. However, FGFR2 and FGFR3 were widely expressed during the embryonic
testis development with higher FGFR2 expression in seminiferous tubules at 16—18 dpc and
higher FGFR3 expression in interstitial region at 17-18 dpc. In postnatal stage, FGFR2
extensively expressed with higher expression at spermatids and Leydig cells on 35-65 pnd and
FGFR3 widely expressed in the whole testis. Taken together, these results strongly suggest that
FGF9 is correlated with the temporal expression profiles of FGFR2 and FGFR3 and possibly

associated with testis development.
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INTRODUCTION

During gonad development, primordial
germ cells migrate from the gut tube to the gen-
ital ridge. The primordial germ cells and sup-
porting cells form the indifferent gonad, which
undergoes through sex determination and
gonad maturation steps to develop into a testis
or an ovary.'” At the sex determination step,
the fibroblast growth factor (FGF) pathway and
the Wnt signal pathway have been demon-
strated to play reciprocally opposite roles, in
which Wnt4 expression is inhibited in the male
gonad after the FGF9 signal is up-regulated.’
In fact, Colvin et al.* have shown that FGF9-
knockout mice die after birth because of lung
hypoplasia with various other phenomena from
testicular hypoplasia to serious male-to-female
sex reversion.* In the male gonad, supporting
cells mainly differentiate into Sertoli and Ley-
dig cells. Sertoli cells are enclosed within the
germ cells inseminiferous tubule and can secret
a Mullerian inhibiting substance to regress the
female efferent ducts.” Leydig cells, which are
located between the seminiferous tubule, pro-
duce testosterone to induce the maturation of
the male efferent ducts, including the epididy-
mis, ductus deferens, and seminal vesicle.
After birth, testis development continues until
adolescence. Luteinizing hormone (LH), which
is released from the pituitary gland, induces the
Leydig cells to produce testosterone, induce
the development of secondary sex characteris-
tics, and promote sexual maturation in
puberty.’

FGFs have at least 18 members *'* with bio-
logical functions by interaction with its conju-
gate receptor, FGFRs.'""!? Indeed, it has been
well demonstrated that FGF signaling partici-
pates in gonad organogenesis.*'>"!” Until now,
four FGFRs were identified in the human
genome participating in gonad functional regu-
lations: FGFR1 maintains undifferentiated
spermatogonia in mice; FGFR2 participates in
sex determination and testis cord formation;
FGFR3 is proven to be the pre-/spermatogonia
maker associated with spermatogonial survival;
and FGFR4 is involved in myogenesis and
muscle regeneration with an expression level in
the seminiferous epithelium.'®*? In addition to
genomic differences, mRNA of FGFRs could
undergo alternative splicing to increase the pro-
tein diversity of FGFRs. Thus, different FGFs
could interact with their specific FGFRs to pass
different signal into cells.'""**** In fact, FGF-
FGFR signaling has been demonstrated to par-
ticipate in mitogenesis, migration, embryogen-
esis, differentiation, tumorigenesis, and angio-
genesis. | 316:26-29

It has been shown that FGF9 participates in
neuron development, bone formation, lens fiber
differentiation, gap junction formation, sex
determination, and steroidogenesis.***** FGF9
could maintain a high SOX9 expression and
induce testis cord formation during the sex
determination period.'”* Other study showed
that FGF9 inhibits the meiotic differentiation
of spermatogonia.*® Another study suggested
that FGF9 could pass the signal through
FGFR2 to regulate organogenesis of the
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testis.'® According to previous studies, we
know that FGF9 participates in sex determina-
tion and might regulate testis development.*”
>19 However, the temporal expression profiles
of FGF9 and FGFRs in testis development
remain elusive. Thus, immunohistochemistry
(IHC) was used to examine the localization/
expression of FGF9 and FGFRs during embry-
onic and postnatal stages in mice testes.

MATERIALS AND METHODS

Animals

Male C57BL/6NCrj (B6) mice (5-6 weeks-
old) were purchased from the Laboratory Ani-
mal Center of National Cheng Kung Univer-
sity, Tainan, Taiwan. All animals were housed

under standard conditions in groups of four in
29 x 18 x 13 cm polyethylene cages main-
tained within 22-24°C on a constant 12 h light/
dark cycle. Purina mouse chow (Ralston-
Purina, St. Louis, Mo, USA) and water were
available ad libitum. All procedures for main-
taining and euthanizing the animals complied
with the Guide for the Care and Use of Labora-
tory Animals and were approved by the Institu-
tional Animal Care and Use Committee of
National Cheng Kung University.

Chemicals

Human FGF9 was purchased from Pepro-
Tech (Rocky Hill, NJ, USA). Xylene, sodium
hydroxide (NaOH), and hydrochloric acid
(HCI) were purchased from Merck (Darmstadt,

FIGURE 1. FGF9 and its receptor expressions in adult mice testes. The expression patterns of
FGF9 (A), FGFR2 (B), and FGFR3 (C) in 10—11 week-old mice testis were detected using immuno-
histochemistry. The cell nucleus was labeled using hematoxylin. The arrows indicate the interstitial
regions between the seminiferous tubules of the testis (100 x). (D) represents a higher magnifica-
tion from (A) (400 x). (E) represents control section without a primary antibody. LCs, Leydig cells;

MCs, myoid cells; S, spermatids.
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Germany). Antibodies against FGF9 and
FGFR4 were purchased from Abcam (Cam-
bridge, UK). Primary antibodies against
FGFR1, FGFR2, and FGFR3 and Mayer’s
hematoxylin were purchased from Sigma (St.
Louis, MO, USA). Streptavidin peroxidase
complex was purchased from BioGenex (San
Ramon, CA, USA). The 3'3-diaminobenzidine
(DAB) was purchased from DakoCytomation
(Carpinteria, CA, USA).

IHC

Testes were collected from male mice
embryos at 14—18 d post coitum (dpc) and post-
natal mice at 10, 20, 35, and 65 d of age,

respectively. Embryonic testes were fixed by a
4% paraformaldehyde solution and dehydrated
in a sucrose solution. Tissue was sectioned
with a cryostat at 8 um for further staining pro-
cesses. The postnatal testes were immersed in
Bouin’s fixative solution overnight and paraffin
embedded. Four um sections were cut by rotary
microtome, floated in a water bath, and then
picked up on poly-L-lysine coated slides. The
sections were dewaxed in xylene, dehydrated
in ethanol, and washed in tris-buffered saline
and tween 20 (TBST). Endogenous peroxidase
activity was blocked by incubation with 0.3%
H,0O, followed with TBST. Trypsin (0.025%)
was used to retrieve the antigen for 20 min.
The sections were blocked with 5% fetal
bovine serum for 1 hr. Primary antibodies

FIGURE 2. The expression pattern of FGF9 from 14 to 18 d post coitum (dpc) in embryonic mice
testis. The expression patterns of FGF9 at 14 (A), 15 (B), 16 (C), 17 (D), and 18 (E) dpc in mice tes-
tis were detected using immunohistochemistry. The long arrow indicates the cell types as illustrated
by the abbreviations: ST, seminiferous tubules and IT, interstitial region. The red arrowhead indi-
cates the interstitial cells. The white arrowhead indicates the spermatogonia. Scale bar = 50 um
(A and B) (400 x). Scale bar = 100 um (C-E) (200 x).




FGF9 AND FGFR EXPRESSIONS IN DEVELOPING MICE TESTIS 65

against FGF9 (1:1000), FGFR1 (1:5000),
FGFR2 (1:5000), FGFR3 (1:5000), and FGFR4
(1:5000) were incubated on the tissue sections
overnight at 4°C. The next day, the biotinylated
secondary antibody was added to the sections
for 1 hr. After washing with TBST, the sections
were incubated with a peroxidase-conjugated
avidin-biotin complex (Vector Elite; Vector
Laboratories, Burlingame, CA, USA) for 1 hr.
The DAB tetrahydrochloride (DakoCytoma-
tion, Glostrup, Denmark) was used to reveal
the signal. The sections were counterstained by
hematoxylin, washed with TBST, dehydrated
through a graded ethanol series, cleared in
xylene, and cover slipped in mounting gel
(Merck, Darmstadt, Germany). Blank controls
were performed for each staining procedure by
replacing the primary antibodies with a block-
ing buffer.

RESULTS

Expression of FGF9 and its receptors in
mature mice testes

In this study, we first used mature mice
testes to detect the possible expression sites
of FGF9 and its conjugate, FGFR (Fig. 1).
Results showed that the expressions of FGF9,
FGFR2, and FGFR3, stained with the brown
color, could be observed in mature mouse tes-
tis (Fig. 1A-C). In addition, FGF9 was
mainly expressed in Leydig cells (Fig. 1A).
FGFR2 had a strong expression in Leydig
cells and a weak expression in the lumen of
seminiferous tubules, including the spermato-
cytes and spermatids (Fig. 1B). FGFR3 was
also expressed in Leydig cells with a higher
expression in the lumen of seminiferous

FIGURE 3. The expression patterns of FGFR1—4 at 14 d post coitum (dpc) in embryonic mice tes-
tis. The expression patterns of FGFR1 (A), FGFR2 (B), FGFR3 (C), and FGFR4 (D) at 14 dpc in
mice testis were detected using immunohistochemistry. (E) represents control section without a pri-
mary antibody. The long arrow indicates the cell types as illustrated by the abbreviations: ST, semi-
niferous tubules and IT, interstitial region. The red arrowhead indicates the spermatogonia. Scale
bar = 50 um (A-D) (400 x). Scale bar = 100 um (E) (200 x).
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tubules, particularly in the spermatids, com-
pared with FGFR2 (Fig. 1C). In fact, the
expression of FGF9 in Leydig cells could be
easily observed (Fig. 1D). Given the prelimi-
nary confirmation of FGF9 and FGFR expres-
sion in mature mouse testis, the temporal
expression patterns of FGF9 and FGFRs in
mouse testis from the stages after sex deter-
mination (Figs. 2-7) to adult (Figs. 8-12)
were further investigated.

Expressions of FGF9 during testicular
development and maturation in mice

In the embryonic stage, FGF9 expression
could be observed in the seminiferous tubules
and interstitial regions from 14-18 dpc
(Figs. 2A-E). However, interstitial cells had a

stronger FGF9 expression at 17 and 18 dpc
compared with the cells in the seminiferous
tubules (Fig. 2D-E). At 17 and 18 dpc, FGF9
was expressed in the nucleus and cytoplasm of
the interstitial cells (Fig. 2D-E). The cells,
located in the seminiferous tubules, had a
higher FGF9 protein expression in the mem-
brane. In the postnatal stage, FGF9 was
expressed in the lumen of the seminiferous
tubules and Leydig cells on pnd 10 (Fig. 8A—
B), and in the interstitial region and seminifer-
ous tubules on pnd 20 (Fig. 8D-E), respec-
tively. FGF9 was expressed in Leydig cells and
seminiferous tubules on pnd 35 and 65
(Fig. 8G-H and J-K, respectively). Under 400
x resolutions, we observed that FGF9 was
mainly expressed in the spermatid nucleus,
spermatogonium cytoplasm and Leydig cell
cytoplasm (Fig. 8H and K, respectively).

FIGURE 4. The expression patterns of FGFR1—4 at 15 d post coitum (dpc) in embryonic mice tes-
tis. The expression patterns of FGFR1 (A), FGFR2 (B), FGFR3 (C), and FGFR4 (D) at 15 dpc in
mice testis were detected using immunohistochemistry. (E) represents control section without a pri-
mary antibody. The long arrow indicates the cell types as illustrated by the abbreviations: ST, semi-
niferous tubules and IT, interstitial region. The red arrowhead indicates the spermatogonia. Scale
bar = 50 um (400 x) (A-D). Scale bar = 100 um (E) (200 x).

FGFRI1
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Expressions of FGFRs during testicular
development and maturation in mice

In the embryonic stage, the expression of
FGFR1 (stained brown) could be observed in
the whole testis at 14-17 dpc (Figs. 3A, 4A,
5A, and 6A, respectively). At 18 dpc, there
were more FGFRI1 stained cells in the intersti-
tial region compared with cells in the seminif-
erous tubules (Fig. 7A). During the embryonic
stage, we found that FGFR1 was mainly
expressed in the membrane of seminiferous
tubule cells and interstitial cells at 14 and 15
dpc (Figs. 3A and 4A). In the postnatal stage,
FGFR1 had a strong expression in the seminif-
erous tubules and Leydig cells on pnd 10, 20,
35, and 65 (Figs. 9A-B, 10A-B, 11 A-B, and
12A-B, respectively).

In FGFR2, we could observe the protein
expression in the whole tissue at 14 and 15 dpc

(Figs. 3A and 4A, respectively). At 16-18 dpc,
we noticed that FGFR2 had a higher expression
level in the seminiferous tubules compared
with the interstitial region (Figs. 5A, 6A, and
7A, respectively). With regard to the expres-
sion location in the cells, FGFR2 was mainly
expressed at the membrane of seminiferous
tubule cells at 14 dpc and in the whole cell
from 15 to 18 dpc (Figs. 3A, 4A, 5A, 6A, and
7A, respectively). In the postnatal stage,
FGFR2 had a strong expression level in the
spermatogonia and at the cytoplasm of Leydig
cells in the testis on pnd 10 (Fig. 9C-D). On
pnd 20, FGFR2 was expressed in the whole tes-
tis (Fig. 10C-D). On pnd 35 and 65, FGFR2
was mainly expressed in Leydig cells and the
tail part of the spermatid (Figs. 11C-D and
12C-D, respectively).

For FGFR3, we could detect protein expres-
sion in the seminiferous tubules and interstitial

FIGURE 5. The expression patterns of FGFR1-4 at 16 d post coitum (dpc) in embryonic mice testis.
The expression patterns of FGFR1 (A), FGFR2 (B), FGFR3 (C), and FGFR4 (D) at 14 dpc in mice
testis were detected using immunohistochemistry. (E) represents control section without a primary
antibody. The long arrow indicates the cell types as illustrated by the abbreviations: ST, seminifer-
ous tubules and IT, interstitial region. Scale bar = 100 xm (200 x).

-Ab control
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FIGURE 6. The expression patterns of FGFR1-4 at 17 d post coitum (dpc) in embryonic mice testis.
The expression patterns of FGFR1 (A), FGFR2 (B), FGFR3 (C), and FGFR4 (D) at 17 dpc in mice
testis were detected by immunohistochemistry. (E) represents control section without a primary
antibody. The long arrow indicates the cell types as illustrated by the abbreviations: ST, seminifer-
ous tubules and IT, interstitial region. Scale bar = 100 xm (200 x).
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regions from 14-17 dpc (Figs. 3C, 4C, 5C, and
6C, respectively). At 17 dpc, FGFR3 had a
higher expression level in the interstitial region
compared with the seminiferous tubules
(Figs. 6C). At 18 dpc, FGFR3 had a higher
expression level in the seminiferous tubules
and interstitial regions compared with 14-17
dpc (Figs. 7C). In the postnatal stage, FGFR3
widely expressed on pnd 10 (Figs. 9E-F). On
pnd 20, FGFR3 was expressed in the cellular
cytoplasm of spermatocytes and spermatids,
and more strongly expressed in Leydig cells
(Fig. 10E-F). FGFR3 was expressed in the
whole testis on pnd 35 and 65 (Fig. 11E-F and
12E-F, respectively).

In FGFR4, we could observe protein expres-
sion in the seminiferous tubules and Leydig
cells from 14-17 dpc (Figs. 3D, 4D, 5D, and
6D, respectively). FGFR4 had a stronger
expression in the seminiferous tubules at 18
dpc (Fig. 7D). In the postnatal stage, FGFR4

was expressed in spermatogonia and Leydig
cells on pnd 10 (Fig. 9G-H). On pnd 20, 35,
and 65, FGFR4 was expressed in the whole tes-
tis (Figs. 10G-H, 11G-H, and 12G-H,
respectively).

According to these data, we showed that
FGF9 was continuously expressed in the mouse
testis throughout testis development. Interest-
ingly, FGF9 increased equivalently with FGFR2
and FGFR3 in the embryonic and postnatal
stages (Table 1 and 2). These results suggest
that FGF9 might function through FGFR2 and
FGFR3 in the embryonic and postnatal stages,
respectively, for testis development.

DISCUSSION

Many studies have reported that FGF9 par-
ticipates in sex determination and gonad
development. Colvin et al.* showed that
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FIGURE 7. The expression patterns of FGFR1-4 at 18 d post coitum (dpc) in embryonic mice testis.
The expression patterns of FGFR1 (A), FGFR2 (B), FGFR3 (C), and FGFR4 (D) at 18 dpc in mice
testis were detected by immunohistochemistry. (E) represents control section without a primary
antibody. The long arrow indicates the cell types as illustrated by the abbreviations: ST, seminifer-
ous tubules and IT, interstitial region. Scale bar = 100 xm (200 x).

FGF9 knockout mice had the phenotype from
testis hypoplasia to male to female sex-
reverse. FGF9 was also demonstrated to have
a unique function in different cell lineages
during testis development. In germ cells,
FGF9 could increase NANOS2 expression
levels to suppress meiosis in male mouse tes-
tis.'>'* In FGF9 null mice, the number of
germ cells was significantly decreased after
11.5 dpc of the XY genotype but there was
no change to XX genotype.*' These studies
implied that FGF9 could suppress meiosis
and promote survival in male germ cells. In
embryonic Sertoli cells, FGF9 could induce
cell proliferation in an in vitro culture system.
At the same time, FGF9 and the extracellular
matrix could induce core-like aggregations
after 48 h stimulation.” FGF9 was also shown
to induce cell proliferation and nuclear locali-
zation of FGFR2 in Sertoli precursor cells.'®

In fetal Leydig cells, there was no direct evi-
dence that FGF9 could affect sex determina-
tion through Leydig cells. In other FGFs
signaling, FGF1 and FGF2 were reported to
increase testosterone production but had no
effect on LH-induced maximal testosterone
production on fetal Leydig cells.** However,
FGF1 and FGF2 could not induce testoster-
one production in adult Leydig cells. In addi-
tion, FGF1 could inhibit testosterone
production elicited by an LH treatment on
adult Leydig cells.*> Other studies showed
that FGF2 could inhibit LH-induced androgen
production in immature rat Leydig cells
through decreased steroidogenesis related to
protein expression levels, such as steroido-
genic acute regulatory protein and steroido-
genic factor 1.** In the present study, we
observed that FGF9 and different FGFRs
were continuously expressed in developing
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FIGURE 8. The expression pattern of FGF9 in postnatal mice testis. The expression pattern of
FGF9 on postnatal days 10 (A and B), 20 (D and E), 35 (G and H), and 65 (J and K) in mice testis
were detected using immunohistochemistry. The cell nucleus was labeled using hematoxylin. Con-
trol sections without a primary antibody treatment are arranged on right side of figures 8C, 8F, 8l,
and 8L. The long arrow indicates the cell types as illustrated by the abbreviations: LCs, Leydig cells;
MCs, myoid cells; SCs, Sertoli cells; Sg, spermatogonia; Sc, spermatocyte; and St, spermatids.

Scale bar =50 um (200 x) and 19 um (400 x). FGF9 pnd.

FGF

testis from 14 dpc to pnd 65. Our observa-
tions, combined with those from other stud-
ies, suggest that FGF9 could be continuously
expressed in embryonic testis and regulate
testicular development among different cell
types. In the postnatal stage, we noticed that
Leydig cells had an abundant FGFR2 expres-
sion in the adolescent period. In our previous
study, we demonstrated that FGF9 could
induce testosterone production in immature
and tumor Leydig cells.>>° It is possible that
FGF9 could use FGFR2 to regulate hormone

production in Leydig cells during gonad
maturation.

In this study, we demonstrated that FGF9
was continuously expressed in embryo mouse
testis from 14 to 18 dpc. In fact, hormone
regulation is an important process for gonad
maturation of the testis. According to previ-
ous studies, fetal Leydig cells appeared at
about 15.5 dpc to pnd 10 and increased ste-
roidogenesis during embryo gonad develop-
ment.*>* In embryo testis, Leydig cells and
Sertoli cells could participate in testosterone
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FIGURE 9. The expression patterns of FGFR1, FGFR2, and FGFR3 on postnatal day (pnd) 10
in mice testis. The expression pattern of FGFR1 (A and B), FGFR2 (C and D), FGFR3 (E and
F), and FGFR4 (G and H) on pnd 10 mice testis were detected using immunohistochemistry.
Control sections without a primary antibody treatment are arranged on right side of the figure
(I and J). The long arrow indicates the cell types as illustrated by the abbreviations: MCs,
myoid cells; SCs, Sertoli cells; and SGs, spermatogonia. Scale bar = 50 um (200 x) and 19

um (400 x).
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synthesis. Because of an Hsdl7b3 deficiency,
fetal Leydig cells converted cholesterol into
androstenedione. Fetal Sertoli cells produced
testosterone by androdtenedione, which is
offered by fetal Leydig cells.*” Another study
has shown that FGF9 deficiency would cause
testicular hypoplasia to a complete sex rever-
sal.* Our previous study indicated that FGF9
induced steroidogenesis in mice Leydig
cells.® In this study, we observed that FGF9
was expressed in cells in the seminiferous
tubules and interstitial regions. These results

provide a possible participatory role of FGF9
in embryo testis organogenesis by hormone
production and/or regulation.

The different isoforms and ligand-binding
affinity of FGFRs created demonstrate that
each FGF has a distinct function in each sys-
tem. It has been demonstrated that FGF9 has

a binding affinity with FGFR2Illc,
FGFR31IIb, FGFR3Illc, and FGFR4}
whereas FGFR1 and FGFR2IIIb are not

receptors for FGF9. Recently, we showed
that mouse Leydig cells expressed
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FIGURE 10. The expression patterns of FGFR1, FGFR2, and FGFR3 on postnatal day (pnd) 20
in mice testis. The expression patterns of FGFR1 (A and B), FGFR2 (C and D), FGFR3 (E and
F), and FGFR4 (G and H) on pnd 20 mice testis were detected using immunohistochemistry.
Control sections without a primary antibody treatment are arranged on right side of the figure (I
and J). The long arrow indicates the cell types as illustrated by the abbreviation: MCs, myoid
cells; SCs, Sertoli cells; Sg, spermatogonia; and Sc, spermatocyte. Scale bar = 50 um (200 x)

and 19 um (400 x).
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FGFR2IIlc, FGFR3 and FGFR4.” In the
present study, we used general FGFR1-4
antibodies to detect the expression pattern in
developing mouse testis. Our results did pro-
vide basal evidence regarding the different
expressional profiles FGF9 and FGFRs in the
developing testis. Further experiments and
evidence are needed to support the direct
interaction between FGF9 and FGFRs among
different cell types in the developing testis.

The testes are the gamete production sites
in male individuals. It has been shown that
FGF2, secreted from spermatogonia, stimu-
late testosterone production in Leydig cells.*®
Testosterone can then activate Sertoli cells
which release some unknown factors to stim-
ulate the process of spermatogenesis, in
which FGF2 forms a positive loop with tes-
tosterone during spermatogenesis.*® Studies
have also illustrated that the interaction
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FIGURE 11. The expression patterns of FGFR1, FGFR2, and FGFR3 on postnatal day (pnd) 35 in
mice testis. The expression patterns of FGFR1 (A and B), FGFR2 (C and D), FGFR3 (E and F),
and FGFR4 (G and H) on pnd 35 mice testis were detected using immunohistochemistry. Control
sections without a primary antibody treatment are arranged on right side of the figure (1 and J). The
long arrow indicates the cell types as illustrated by the abbreviations: LCs, Leydig cells; MCs, myoid
cells; SCs, Sertoli cells; Sg, spermatogonia; Sc, spermatocyte; and St, spermatids. Scale bar = 50

um (200 x) and 19 um (400 x).
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between FGFs and FGFRs activating down-
stream signaling pathways are indispensable
for organ development and/or tumorigene-
sis.*®*” In the present study, we found that
Leydig cells had abundant FGF9, FGFR2,
and FGFR3 expressions from pnd 35 to 65. It
is highly possible that FGF9 might go
through autocrine and paracrine pathways to
activate the signal through FGFR2 and
FGFR3 to regulate testosterone production,

which could further regulate testicular devel-
opment. In fact, there are no other studies
regarding the roles of FGFs and FGFRs in
spermatogenesis and steroidogenesis in devel-
oping and/or mature testis. The present study
has provided the first evidence of different
expressional profiles of FGF9 and FGFRs in
the developing testis. Further experiments
will clarify the real functions and mecha-
nisms of FGF9 and FGFRs in the testis.
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FIGURE 12. The expression patterns of FGFR1, FGFR2, and FGFR3 on postnatal day (pnd) 65 in mice
testis. The expression patterns of FGFR1 (A and B), FGFR2 (C and D), FGFRS3 (E and F), and FGFR4
(G and H) on pnd 65 mice testis were detected using immunohistochemistry. Control sections without a
primary antibody treatment are arranged on right side of the figure (1 and J). The long arrow indicates the
cell types as illustrated by the abbreviations: LCs, Leydig cells; MCs, myoid cells; SCs, Sertoli cells; Sg,
spermatogonia; Sc, spermatocyte; and St, spermatids. Scale bar =50 um (200 x) and 19 um (400 x).
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TABLE 1. FGF9 and FGFR1-4 expression intensity in embryonic stage.

location 14 dpc 15 dpc 16 dpc 17 dpc 18 dpc
FGF9 seminiferous tubules + + + + +
interstitial region + S+ 4+
FGFR1 seminiferous tubules + + + + +
interstitial region + + + + ++
FGFR2 seminiferous tubules + + ++ ++ ++
interstitial region —+ + + + +
FGFR3 seminiferous tubules + + + + ++
interstitial region + + + ++ ++
FGFR4 seminiferous tubules + + + + ++
interstitial region + + + + +

“+” indicates a positive protein expression; “++” indicates a stronger positive expression compared to “+”
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TABLE 2. FGF9 and FGFR1-4 expression
intensity in postnatal stage.

cell type pnd 10 pnd20 pnd35 pnd65
FGF9  Spermatids + + 4t ++
spermatocytes + + ++ 4+
spermatogonia — — — _
Leydig cells + ++ ++ +
FGFR1 spermatids ++ ++ ++ ++
spermatocytes ++ ++ ++ ++
spermatogonia  ++ ++ ++ .
Leydig cells ++ ++ ++ ++
FGFR2 spermatids - + ++ ++
spermatocytes - + - _
spermatogonia + + — _
Leydig cells + + 44 4+
FGFR3 spermatids ++ + ++ ++
spermatocytes 4+ + ++ ++
spermatogonia  ++ - ++ ++
Leydig cells ++ ++ ++ +
FGFR4 spermatids - + + +
spermatocytes — + + +
spermatogonia + + + +
Leydig cells + + + +

“~” indicates negative protein expression; “+” indicated positive
protein expression “+-+” indicates a stronger positive expression
compared to “+”
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