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Strawberry Notch 1 (SBNO1) promotes proliferation
of spermatogonial stem cells via the noncanonical
Wnt pathway in mice

Cong Shen"?’, Jun Yu>*’, Xi Zhang?, Chen-Chen Liu?, Yue-Shuai Guo**, Jia-Wei Zhu', Ke Zhang', Yi Yu',
Ting-Ting Gao*®, Shen-Min Yang', Hong Li', Bo Zheng"?, Xiao-Yan Huang’

While it is known that spermatogonial stem cells (SSCs) initiate the production of male germ cells, the mechanisms of SSC
self-renewal, proliferation, and differentiation remain poorly understood. We have previously identified Strawberry Notch 1 (SBNO1),
a vertebrate strawberry notch family protein, in the proteome profile for mouse SSC maturation and differentiation, revealing
SBNOL1 is associated with neonatal testicular development. To explore further the location and function of SBNO1 in the testes,
we performed Sbnol gene knockdown in mice to study the effects of SBNO1 on neonatal testicular and SSC development. Our
results revealed that SBNO1 is required for neonatal testicular and SSC development in mice. Particularly, in vitro Sbnol gene
knockdown with morpholino oligonucleotides caused a reduction of SSCs and inactivation of the noncanonical Wnt pathway, through

Jun N-terminal kinases. Our study suggests SBNO1 maintains SSCs by promoting the noncanonical Wnt pathway.
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INTRODUCTION

Spermatogenesis originates from a self-renewing population of
spermatogonia, known as spermatogonial stem cells (SSCs)."?
While SSCs only make up 0.02%-0.03% of the total germ cells in the
testes,’ they can either undergo a self-renewal division or produce
differentiating cells that will go through meiosis and eventually
produce haploid gametes.” Till date, the exact identity of SSCs has been
uncertain; they are thought to be contained within a small population of
cells known as undifferentiated spermatogonia.* Spermatogonia reside
on the basement membrane and move toward the lumen as the cells
differentiate. In mice, undifferentiated spermatogonia are subdivided
into spermatogonial types as follows: A single (As: isolated single cells),
A paired (Apr: chains of two cells), and A aligned (Aal: chains of 4, 8,
or 16 cells), on the basis of their shape.?

The wingless-related murine mammary tumor virus (MMTYV)
integration site genes (Wnt) are a family of secreted signaling glycoproteins
involved in regulating a variety of developmental processes, including
cell fate determination and differentiation,>® and reproductive tracts of
male and female mice.”® The Wnt pathway induces signal transduction
through two known pathways: the canonical Wnt/B-catenin pathway
and the noncanonical polarity pathway. Previous studies have suggested
a possible role of the Wnt pathway in SSC regulation. For example,

wingless-type MMTYV integration site family member 5A (WNT5A)
supports SSC survival by suppressing apoptosis,” while WNT3A and
WNT10B promote proliferation of the mouse SSC line, C18-4.°

Strawberry Notch 1 (Sbnol) is a novel chromatin factor of the
helicase superfamily 2. Studies in zebrafish have shown that Sbnol is
highly expressed in distinct regions within the nervous system of the
pharyngula-stage embryos.'? Moreover, injecting morpholinos against
Sbnol in zebrafish embryos caused abnormal brain morphology, delayed
neural gene expression, and altered brain development in zebrafish."” In
mice, Sbnol knockout embryos are lethal at the preimplantation stage
without forming a blastocoel.! Previous studies have also suggested
that SBNOLI positively regulates transcription of its targets to activate
the Notch (Delta) and Wnt (wingless) signaling pathways.'*'* In our
previous work, we successfully identified SBNO1 in the proteome profile
for neonatal mouse testes,'® and further bioinformatics analysis revealed
that SBNO1 was associated with testicular development. In this study,
utilizing cultured mouse neonatal testes and SSCs, we show that SBNO1
regulates SSC proliferation by the Wnt pathway.

MATERIALS AND METHODS

Animals

Pregnant mice from Institute of Cancer Research were maintained in a
controlled environment under a 12/12 hlight/dark cycle at 20°C-22°C
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and 50%-70% humidity, with food and water available ad libitum. All
experiments on mice were approved by the Animal Ethics Committee
of Nanjing Medical University, Nanjing, China.

Immunofluorescence

Mouse testis tissues of 3.5-day, 5.5-day, 7.5-day and explants were fixed
in 4% (w/v) paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA).
The tissues were then paraffin-embedded and sectioned into 5-um thick
sections. For immunofluorescence, sections were deparaffinized and
rehydrated in a graded ethanol series. Antigen retrieval was performed
in 10 mmol I"' sodium citrate buffer (pH 6.0) for 15 min. After antigen
retrieval, the sections were blocked with 5% bovine serum albumin (BSA,
w/v; Sunshine, Nanjing, China) and incubated overnight at 4°C with
primary antibodies (Supplementary Table 1). The nonimmune IgG
antibodies were used for the negative controls (Supplementary Figure 1).
After washing with phosphate-buffered saline (PBS) and Tween, the
sections were incubated with Alexa-Fluor secondary antibodies (Thermo
Scientific, Waltham, MA, USA), and images were captured under a confocal
laser microscope (Zeiss LSM710, Carl Zeiss, Oberkochen, Germany). For
immunofluorescence of SSCs, we cultured SSCs in a Millicell EZ slide
(Merck Millipore Corporation, Darmstadt, Germany). Cells were fixed in
4% paraformaldehyde, blocked with 5% BSA and incubated overnight at
4°Cwith primary antibodies (Supplementary Table 1). After washing with
PBS, samples were incubated with Alexa-Fluor secondary antibody, and
the cell nuclei were stained with 5 ug ml™* 4',6-diamidino-2-phenylindole
(DAPI; Beytime Institute of Biotechnology, Haimen, China) for 5 min. All
samples were observed in a confocal laser microscope.

Western blot analysis

The western blot analysis was performed as previously described with
minor modifications.” Briefly, testicular lysates were separated by
electrophoresis, then transferred to polyvinylidene difluoride (PVDF)
membranes (Bio-Rad, Hercules, CA, USA). The membranes were
then blocked in 5% nonfat milk and incubated overnight with the
indicated primary antibodies (Supplementary Table 1), washed,
and incubated at room temperature for 1 h with horseradish
peroxidase (HRP)-conjugated secondary antibodies (Thermo Scientific).
The protein signals were then visualized by SuperSignal West Femto
Chemiluminescent Substrate (Thermo Scientific).

Neonatal testicular and SSC culture

For neonatal testicular culture, testes from 3.5-day mice were
decapsulated and gently cut into several 1-3 mm diameter pieces.
Testicular explants were cultured as previously reported.'® Briefly,
1.5% (w/v) agarose gel stands (10 mm x 10 mm x 5 mm placed in
24-well plates) were prepared 1 day before the testicular culture and
incubated with culture medium for more than 24 h. The amount of
medium was adjusted, so it would come up to half to four-fifths of
the height of the agarose gel. The medium was changed every 2 days.
Then, 3-5 explants were placed at the medium/air interface of each
stand and incubated at 34°C and 5% CO,. The culture media contained
o-minimum essential medium (o-MEM), 10% knockout serum
replacement (KSR), 1% nonessential amino acids solution (NEAA),
0.1% B-mercaptoethanol, and 1% penicillin-streptomycin solution. The
explants were cultured for 4 days with either 20 umol I"! morpholino
oligomer (Mo) or its negative control (Ctr). Experiments were repeated
3 times and 9 mice in all were used in this study. For each experiment, at
least eight explants were pooled from the testes of 3 mice in each group.
For SSC culture, long-term culture of mouse SSCs was established in
accordance with a previous described protocol.”® Briefly, dissociated
testicular cells were cultured overnight on a 0.2% (w/v) gelatin-coated
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tissue culture plate (2 x 10° cells per 3.8 cm?). The plates were washed
twice with PBS before use. Floating cells were passaged to secondary
plates. These cells were then passaged 2 or 3 times before they were
transferred to medium containing mouse embryo fibroblasts. The
cells were maintained at 37°C, 5% CO,. SSCs were cultured for 4 days,
either with 10 umol 1! Mo or Ctr. Sbnol translation-blocking vivo-Mo
(oligo sequence: 5-AAATCTTGCCCTGGTTCCACCATCG-3’) and its
control (oligo sequence: 5’-CCTCTTACCTCAGTTACAATTTATA-3’)
were purchased from Gene Tools (Philomath, OR, USA).

Quantitative PCR

Gene expression was quantified by using the SYBR Premix Ex
Taq™ kit (TaKaRa, Dalian, China) in an ABI 7300 real-time PCR
instrument (Applied Biosystems, Foster City, CA, USA). The standard
curve method with 18S rRNA was used as the reference gene. The primers
used are listed in Supplemental Table 2. Amplification was performed
in 20 pl reaction volumes, according to the manufacturer’s instructions.

Statistical analysis

The quantitative results are presented as mean + standard deviation (s.d.).
The data were evaluated for statistical differences using Student’s ¢-test
by Graphpad Software (https://www.graphpad.com/) with "P < 0.05,
P <0.01,and ""P < 0.001.

RESULTS

SBNOI1 expression in neonatal mice testes and SSCs

We used immunostaining to analyze SBNO1 distribution in neonatal
mice testes. As shown in Figure 1a, SBNO1 was restrictedly located in
the seminiferous epithelium of 3.5-, 5.5- and 7.5-day testes (Figure 1a).
Moreover, we found that SBNO1 was completely co-located with
SSCs marker, promyelocytic leukemia zinc finger (PLZF)? in 5.5-day
testes (Figure 1b), as well as in cultured SSCs (Figure 1c).

SBNOLI inhibition and SSC development

We successfully reduced SBNO1 translation in vitro, which was
confirmed by the western blot analysis (Figure 2a), revealing about 55%
suppression efficiency (Figure 2b). We examined the cultured testicular
explants incubated with morpholino for 4 days by immunostaining, and
the results revealed a significant reduction of DEAD (Asp-Glu-Ala-Asp)
box polypeptide 4 (DDX4)-labeled germ cells®* (Figure 2¢ and 2d)
and lin-28 homolog (LIN28)-labeled SSCs*! (Figure 2e and 2f). The
proportion of reduction was about 52% (Figure 2d) and 43% (Figure 2f),
respectively. Furthermore, we observed an obvious reduction of
marker of proliferation Ki-67 (Ki-67)- (Figure 3a and 3b) and
phospho-histone H3 (PH3)-labeled proliferative cells (Figure 3cand 3d)
in the Mo group. We verified apoptotic signals by using terminal
deoxyribonucleotidyl transferase (TDT)-mediated dUTP-digoxigenin
nick-end labeling (TUNEL), and the results showed no obvious changes
in apoptotic signals between the Mo and Ctr groups (Figure 3e and 3f).

SBNOL1 inhibition on somatic cells and the integrity of seminiferous
tubules

We revealed no significant changes in the distribution and quantity
of SRY-box 9 (SOX9)-labeled Sertoli cells and GATA binding protein
4 (GATA4)-labeled Sertoli cells in the Mo group (Figure 4a and 4b). To
detect the integrity of seminiferous tubules after SBNO1 knockdown,
we labeled the basal laminae of testes with laminin, which revealed
seminiferous tubules were integral in the Mo group (Figure 4c).
Moreover, immunostaining of Leydig cells with 3 beta-hydroxysteroid
dehydrogenase (33-HSD) revealed that the number of Leydig cells
remained unchanged between the two treatment groups (Figure 4d).



Inactivation of the noncanonical Wnt pathway in SBNO1-deficient testes
We found a marked decrease in Wnt5b mRNA in the Mo group
compared with the Ctr group (Figure 5a); although we did not observe
any significant variations in Wnt2b (Figure 5b), Wnt5a (Figure 5c),
Wntll1 (Figure 5d), and Wnt6 (Figure 5¢) mRNA levels. In addition,
western blot data also indicated an obvious reduction in the activated
phosphorylated form of Jun N-terminal kinase (p-JNK) in the Mo
group, while total JNK levels remained unchanged (Figure 5f).
Furthermore, immunostaining of 3-catenin in Mo treated testes showed
no variation compared with Ctr treated testes (Figure 5g).

3.5 day 5.5 day 7.5 day

SBNO1 PLZF
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Figure 1: Expression and distribution of SBNO1 in neonatal testes and
SSCs. (a) Representative images of SBNO1 (red) immunostaining in 3.5-day,
5.5-day and 7.5-day mouse testes. (h) Co-immunostaining of SBNO1 (red)
and PLZF (undifferentiated spermatogonia marker, green) in 5.5-day mouse
testes. (¢) Immunofluorescence of SBNO1 (red) and PLZF (green) in SSCs. Scale
bars =20 pm. SBNO1: Strawberry Notch 1; PLZF: promyelocytic leukemia zinc
finger; DAPI: 4’,6-diamidino-2-phenylindole; SSC: spermatogonial stem cell.
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Figure 2: SBNO1 and germ cell development. (a) Western blot analysis shows
high knockdown efficiency of SBNO1 by morpholino. (b) Quantification of a.
(c) Representative images of DDX4 (germ cell marker, red) immunostaining
in Ctr and Mo testes. (d) Quantification of c. (e) Representative images of
LIN28 (undifferentiated spermatogonia marker, red) immunostaining in
Ctr and Mo testes. (f) Quantification of e. ™ P < 0.001, Student’s t-test,
n= 3. Scale bars = 20 um. Ctr: negative control; Mo: morpholino-treatment;
SBNO1: Strawberry Notch 1; DDX4: DEAD (Asp-Glu-Ala-Asp) box polypeptide
4; LIN28: lin-28 homolog; DAPI: 4’,6-diamidino-2-phenylindole.
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SBNOI deficiency and noncanonical Wnt signaling in SSCs

We observed a decrease in proliferation signals in the Mo group
compared with the Ctr group (Figure 6a and 6b). The SSC colony size
in the Mo group appeared smaller than the Ctr group (Figure 6a-6d).
The apoptotic signals, labeled in the TUNEL assay, were the same in
both Mo and Ctr groups (Figure 6c). The canonical Wnt pathway,
[3-catenin, remained the same in both Mo and Ctr groups (Figure 6d).
However, we observed an apparent decrease in Wnt5b mRNA in the
Mo group compared with the Ctr group (Figure 6e). Altogether,
the decreased cell proliferation and Wnt5b expression found in
SBNO1-deficient SSCs (Figure 6a, 6b and 6e) were highly consistent
with findings from SBNO1-deficient testes (Figures 3a, 3¢ and 5a).

DISCUSSION

In our previous proteomic analysis, we identified SBNO1 and found
that it potentially plays a role during mouse testes development.'¢
Here, we used cultured neonatal mouse testes and SSCs to explore the
function of SBNO1 in neonatal testes. Since Sato et al.'® first obtained
functional spermatozoa in cultured neonatal mouse testes, this method
has been widely used as a conventional platform for the mechanistic
understanding of spermatogenesis.”>** For example, by neonatal
mouse testicular culture, Zheng et al.*® found that undifferentiated
spermatogonia accumulated in Wilms tumor 1 (Wtl1)-deficient testes,
which was consistent with the in vivo findings. In addition, using
adult mouse testicular culture, Chen et al.** showed that treatment
with smoothened agonist (SAG), a chlorobenzothiophene-containing
hedgehog pathway agonist, partially rescued the decreased testosterone
production and steroidogenic gene expressions in Wtl-deficient
testes. These results are also consistent with in vivo study. Moreover,
in our previous study, we showed that stromal interaction molecule
1 (STIM1) is required for testicular cord formation via gonad culture.
Besides testicular culture, cultured SSCs are a proven stable platform
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Figure 3: SBNO1 and germ cell proliferation. (a) Representative images of
K167 (proliferative cell marker, red) immunostaining in Ctr and Mo testes. (b)
Quantification of a. (c) Representative images of PH3 (proliferative cell
marker, red) immunostaining in Ctr and Mo testes. (d) Quantification of ¢. (e)
Representative images showing the results of the TUNEL assay (red) in Ctr
and Mo testes. (f) Quantification of e. P < 0.01, Student’s t-test, n = 3.
Scale bars = 20 um. Ctr: negative control; Mo: morpholino-treatment; KI67:
marker of proliferation Ki-67; PH3: phospho-histone H3; TUNEL: terminal
deoxyribonucleotidyl transferase (TDT)-mediated dUTP-digoxigenin nick-end
labeling; DAPI: 4’,6-diamidino-2-phenylindole.
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for exploring SSC development.'**** For example, in our previous
work, we established a steady SSC culture method and fertile progeny
were produced after transplantation of cultured SSCs into infertile
mouse testis.

In the present study, we found SBNO1 was predominantly
located in the SSCs by co-immunostaining with undifferentiated
spermatogonia marker, PLZF. Knockdown of SBNO1 by morpholino
in neonatal testicular culture and SSCs culture resulted in reduced
SSC proliferation. Previous studies have shown that SBNO1 regulates
and activates the Wnt signaling pathway."* Therefore, we selected
genes of the Wnt pathway, including canonical Wnt/f-catenin and
noncanonical Wnt pathway, for further investigations. We selected
Wnit2b and Wnt6, which are associated with classical 3-catenin Wnt
signaling,*” and Wnt11, which is often associated with noncanonical
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Figure 4: SBNO1 knockdown and somatic cells and the integrity of the seminiferous
tubules. Representative images of (a) SOX9 (Sertoli cell marker, red), (b) GATA4
(Sertoli cell marker, red), (¢) laminin (basal laminae marker, red) and (d) 33-HSD
(Leydig cell marker, green) immunostaining in Ctr and Mo testes. Scale bars = 20
pm. Ctr: negative control; Mo: morpholino-treatment; SBNO1: Strawberry Notch 1;
SOX9: SRY-box 9; GATA4: GATA binding protein 4; 33-HSD: 3 beta-hydroxysteroid
dehydrogenase; DAPI: 4’,6-diamidino-2-phenylindole.
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[-catenin-independent signaling. We also selected Wnt5b and Wnt5a,
which are most often associated with noncanonical Wnt signaling,
but also activate classical B-catenin signaling.”** JNK is a member of
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Figure 5: Effect of SBNO1 deficiency on the noncanonical Wnt pathway.
The relative transcript levels of (a) Wnt5b, (b) Wnt2b, (¢) Wntba, (d) Wntl1
and (e) Wnt6 in Ctr and Mo testes. (f) Western blot analysis showing a
decrease in p-JNK in Mo group, and no change in total JNK levels. (g)
Representative images of B-catenin (green) immunostaining in Ctr and Mo
testes. ""P < 0.001, Student’s t-test, n= 3. Scale bar = 20 um. Ctr: negative
control; Mo: morpholino treatment; Wnt-5b: wingless-type MMTV integration
site family member 5B; Wnt-2b: wingless-type MMTV integration site family
member 2B; Wnt-5a: wingless-type MMTV integration site family member
BA; Wnt-11: wingless-type MMTV integration site family member 11; Wnt-é6:
wingless-type MMTV integration site family member 6; p-JNK: phosphorylated
form of Jun N-terminal kinase; DAPI: 4’,6-diamidino-2-phenylindole; MMTV:
murine mammary tumor virus.
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Figure 6: Influence of SBNO1 knockdown in SSC culture. (a) Representative images of Ki-67 (proliferative cell marker, red) and PLZF (undifferentiated
spermatogonia marker, green) immunostaining in Ctr and Mo SSCs. (b) Representative images of PH3 (proliferative cell marker, red) and PLZF (green)
immunostaining in Ctr and Mo SSCs. (¢) Representative images showing results of the TUNEL assay (red) in Ctr and Mo SSCs. (d) Representative images of
B-catenin (green) and PLZF (red) immunostaining in Ctr and Mo SSCs. (e) Wnt5b mRNA levels in Ctr and Mo SSCs. P < 0.01, Student’s t-test, n= 3. Scale
bars = 20 pm. Ctr: negative control; Mo: morpholino-treatment; SBNO1: Strawberry Notch 1; SSCs: spermatogonial stem cells; KI67: marker of proliferation
Ki-67; PH3: phospho-histone H3; TUNEL: terminal deoxyribonucleotidyl transferase (TDT)-mediated dUTP-digoxigenin nick-end labeling; PLZF: promyelocytic
leukemia zinc finger; DAPI: 4’,6-diamidino-2-phenylindole; Wnt-5b: wingless-type MMTV integration site family member 5B; MMTV: murine mammary tumor virus.
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the mitogen-activated protein kinases (MAPK) and is involved in the
noncanonical Wnt pathway.** Our results indicate that the reduction
of SSC proliferation in cultured neonatal testes and SSC might be a
direct result of SBNOL1 inhibition, suggesting that SBNOI regulates
neonatal testes and SSC development by influencing spermatogonia
via the noncanonical Wnt pathway.

The canonical pathway is referred to as the Wnt/B-catenin
pathway. The key effector of this pathway is B-catenin, which is
normally found in the cytoplasm of cells. On activation of the
canonical Wnt pathway, -catenin translocates to the nucleus to
activate Wnt-regulated transcription of targeted genes.” In the testes,
Wnt2b is associated with classical 3-catenin Wnt signaling and has
no defined role in spermatogenesis. However, Wnt2b/f3-catenin
signaling has been implicated in kidney morphogenesis regulation
in conjunction with Wnt11.?** Takase et al.> reported that Wnt6,
secreted by Sertoli cells, could stimulate canonical Wnt/f-catenin
signaling in undifferentiated spermatogonia, including SSCs. They
demonstrated that paracrine Wnt signaling is a key regulator of the
proliferation of undifferentiated spermatogonia. In our research,
using RT-PCR, we found no visible changes in transcripts of Wnt2b
and Wnt6 between the Mo and Ctr groups in cultured neonatal
testes, indicating that the canonical Wnt pathway might not be
required for the function of SBNOI in the testes. Furthermore,
in this study, we found that SBNOI was predominately located
in SSCs and SBNO1-deficient SSCs showed similar phenotypes
to SBNO1-deficient testes (e.g., down-regulated Wnt5b level in
SBNO1-deficient group), which implies that SBNO1 might promote
proliferation of SSCs by autocrine Wnt signaling.

In contrast to the canonical 3-catenin pathway, the mechanisms
of noncanonical Wnt signaling, independent of -catenin, have
not been well clarified. Wnt5a and Wnt5b are often recognized
as mediators of B-catenin-independent signal transduction. For
example, Yeh et al.’ found Sertoli cells expressed Wnt5a in mouse
testes, which promoted SSC maintenance by inhibiting apoptosis
through JNK signaling activation via the B-catenin-independent
pathway. Meanwhile, Zhang et al.** showed Wnt5b promoted
migration and invasion through activation of the JNK signaling
pathway in COLO 205 cells. In our study, we found an obvious
decrease in Wnt5b mRNA in the Mo group compared with the
Ctr group, whereas, Wnt5a and Wntl11 mRNA levels remained
unchanged between the two groups. Moreover, our western blot
analysis showed that p-JNK levels were noticeably decreased in
SBNO1-deficient neonatal testes. We revealed similar phenotypes
in cultured neonatal testes and SSCs, observing a decrease
in SSC proliferation with inactivation of the noncanonical
B-catenin-independent Wnt pathway. From the above findings,
we conclude that the noncanonical Wnt/JNK pathway is one of
the crucial targets of SBNO1 in spermatogonia and that it plays an
important role in neonatal testicular and SSC development in mice.

CONCLUSIONS

Here, we investigated the distribution and function of SBNO1 in
mammalian testes, using cultured neonatal testes and SSCs. Our
results demonstrate that SBNO1 regulates SSC proliferation via the
noncanonical Wnt5b/JNK signaling pathway, which provides novel
insight into the role of Wnt signaling in SSC development.
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Supplementary Figure 1: Representative images of Mouse, Rabbit and Goat IgG immunostaining in Ctr testes. IgG was used as a negative control. Scale bar:
20 um.

Supplementary Table 1: Antibodies information

Antigen Source Company Application Dilution
SBNO1 Rabbit Proteintech WB; IF 1:2000;1:200
PLZF Goat RD IF 1:500
B-tubulin Mouse Beytime WB 1:10000
DDX4 Rabbit Abcam IF 1:500
LIN28 Rabbit Abcam IF 1:500
KI67 Rabbit Abcam IF 1:200
PH3 Rabbit Cell Signal IF 1:200
SOX9 Rabbit Milipore IF 1:500
GATA4 Goat Santa Cruz IF 1:100
Laminin Rabbit Abcam IF 1:500
3B-HSD Goat Santa Cruz IF 1:500
JNK Rabbit Cell Signal WB 1:1000
INK-P Rabbit Cell Signal WB 1:1000
B-catenin Mouse BD IF 1:500

SBNO1: strawberry notch 1; PLZF: promyelocytic leukemia zinc finger; LIN28:
lin-28 homolog; PH3: phospho-histone H3; SOX9: SRY-box 9; GATA4: GATA binding
protein 4; 3p-HSD: 3 beta-hydroxysteroid dehydrogenase; JNK: Jun N-terminal kinase;
JNK-P: phosphorylated form of Jun N-terminal kinase; DDX4: DEAD (Asp-Glu-Ala-Asp) box
polypeptide 4

Supplementary Table 2: Primers used in this study

Gene PRIMER SEQUENCE (5'— 3’)
Wnt-5b For TCTCTTAGTGGCCCCAGGTT
Wnt-5b Rev GCTAGTGACCACCAGGAGTT
Wnt-2b For CCTGGTGGTACATAGGGGCT
Wnt-2b Rev TAGCATAGACGAACGCTGCC
Wnt-5a For GCCGCAGGACGGTGTA
Wnt-5a Rev TGACCTGTACCAACTTGCCC
Wnt-11 For CCGCACTCTCCCTATCCACT
Wnt-11 Rev GACAGTGCCAGCCACTTGATG
Wnt-6 For GATTTCTTCTCTCCAGCGAGC
Wnt-6 Rev CACGGCCCACCACAGTC

18s rRNA For GATCCATTGGAGGGCAAGTCT

18s rRNA Rev CCAAGATCCAACTACGAGCTTTTT






