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Abstract: Fibroblast growth factor 9 (FGF9) modulates cell proliferation, differentiation and motility for development
and tissue repair in normal cells. Growing evidence shows that abnormal activation of FGF9 signaling is associated
with tumor malignancy. We have previously reported that FGF9 increases MA-10 mouse Leydig tumor cell prolifera-
tion, in vitro, and tumor growth, in vivo. Also, FGF9 promotes the tumor growth and liver metastasis of mouse Lewis
lung cancer cells, in vivo. However, the effects of FGF9 in the early stage of tumorigenesis remains elusive. In this
study, TM3 mouse Leydig progenitor cells, that are not tumorigenic in immunocompromised mice, were used as a
model cell line to investigate the role of FGF9 in tumorigenesis. The results demonstrated that FGF9 significantly
induced cell proliferation and activated the MAPK, PI3K and PLCy signaling pathways in TM3 cells. The percentage
of the cell number in G1 phase was reduced and that in S and G2/M phases was increased after FGF9 stimulation
in TM3 cells. Cyclin D1, cyclin A1, CDK2, CDK1, and p21 expressions and the phosphorylation level of Rb were all
induced in FGF9-treated TM3 cells. In addition, FGF9 increased the expression of FGF receptor 1-4 in TM3 cells,
suggesting the positive feedback loop between FGF9 and FGFRs. Furthermore, in the allograft mouse model, FGF9
promoted the tumorigenesis of TM3 cells characterized by higher expression of tumor markers, such as tumor ne-
crosis factor alpha (TNFa) and o-fetoprotein (AFP), in the subcutaneously inoculated TM3 cell tissue. Conclusively,
FGF9 induced cell cycle to increase cell proliferation of TM3 cells through FAK, MAPK, PI3K/Akt and PLCy signaling
pathways, in vitro, and promoted the tumorigenesis of TM3 cell allograft tissue, in vivo, which is a potential marker
for tumor as well as a target for cancer therapeutic strategies.
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Introduction physical condition, FGF9 is expressed at low
level in few organs [2, 8].

Fibroblast growth factor 9 (FGF9) is a member
of the large FGF family which has at least 24
members, and it was first isolated from the

culture supernatant of a human glioma cell

In general, FGFs activate signal cascades
through FGF receptors (FGFRs), a subgroup of
the family of tyrosine kinase receptors, which

line [1, 2]. FGF9 expresses in a wide variety of
tissues and organs, and exerts multiple
physiological functions, such as mitogenesis,
organ development and repair, angiogenesis,
embryogenesis, differentiation, proliferation,
migration, and wound healing [3, 4]. In embry-
onic stage, FGF9 was demonstrated to partici-
pate in palate formation, sex determination,
and lung development [5-7]. In adult normal

regulate a variety of cell biological behaviors
and functions [9-11]. There are four tyrosine
kinase FGF receptors (FGFR1-4), which undergo
alternative splicing to generate isoforms that
have distinct ligand-binding specificities to dif-
ferent FGFs [12]. The main signaling path-
ways associated with FGFR activation inclu-
de: 1. phosphatidylinositol-4,5-bisphosphate
3-kinase (PI3K)/protein kinase B (Akt) pathway,
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2. mitogen-activated protein kinases (MAPK)
pathway, and 3. phospholipase C gamma
(PLCy)/Ca?* pathway [12, 13]. In PI3K path-
way, Akt is the first receiver from PI3K and
transduces the signals to the downstream
molecules. FGF-mediated FGFR activation
could induce Akt phosphorylation and subse-
quently promote cell proliferation in non-small
cell lung cancer and nasopharyngeal carcinoma
[14, 15]. The MAPK signal pathway mainly
consists three signals: extracellular signal
regulated kinases (ERK), c-Jun N-terminal
kinases (JNK) and p38. In normal chondrocyte
and pancreatic cancer cells, activation of
FGFRs could induce cell proliferation through
ERK phosphorylation [16, 17]. In hepatocellular
carcinoma, FGFR-mediated ERK and JNK
activations increase the carcinogenesis and
metastasis [18]. The p38 activation is involved
in high glucose induced mesangial cell
proliferation and gelsolin induced osteosar-
coma proliferation [19, 20]. In PLCy pathway,
the activated FGFR kinase recruits and
activates PLCy, and subsequently produces
diacylglycerol (DAG) and inositol 1,4,5-tripho-
sphate (IP3) by hydrolysis of the phosp-
holipid phosphatidylinositol 4,5-bisphosphate
(P14,5P2) [21]. IP3 induces calcium ion (Ca?)
release from intracellular Ca2?" stores and
regulates a wide range of cellular re-
sponses. DAG activates protein kinase C (PKC)
and its downstream signaling pathways. It has
been reported that FGFs activate PLCyl to
induce cell proliferation and migration in
keratinocyte and vascular smooth muscle cells
[22, 23].

Aberrant activation of FGF9/FGFR signaling
pathways is frequently found associated with
different kinds of diseases, developmental
disorders and cancers [24-28]. It has been
reported that FGF9 exerts oncogenic activity
and is involved in the progression of several
malignant diseases, such as lung cancer [29],
gastric cancer [30], colon cancer [31], testicular
cancer [24] and ovarian cancer [32]. It has
been demonstrated that FGF9 promotes
epithelium and mesenchyme proliferation in
lung [6]. Also, FGF9 enhances cell proliferation
and invasive ability of prostate cancer cells [33]
and ovarian cancer [32]. Overexpression of
FGF9 can promote tumor growth and liver
metastasis of mouse Lewis lung carcinoma via
EMT induction [29]. Furthermore, FGF9 can be
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reduced by miR-26a and MiRNA-140-5p, and
then decrease the tumor growth and metastasis
in gastric cancer and liver cancer, respectively
[34, 35]. In addition, elevated FGF9 expression
is associated with poor prognosis in patients
who have non-small cell lung cancer (NSCLC)
[36].

The Leydig progenitor/stem cells are essen-
tial for the testis development and matura-
tion. In embryonic stage, testosterone and
dihydrotestosterone that produced by Sertoli
cells and Leydig cells, respectively, are impor-
tant for the development of mesonephric duct
and external genitalia [37, 38]. In postnatal
stage, the testis produces the largest amount
of testosterone by Leydig cells to maintain
reproductive function. Not originated from the
fetal Leydig cells, the adult Leydig cells are
differentiated from the mesenchymal-like cells
in the testis. The stem Leydig cells present from
7 day after birth, differentiate into progenitor
Leydig cells, and subsequently give rise to
immature Leydig cells. In order to set up enough
Leydig cells before the age of puberty, the
progenitor Leydig cells exert a high proliferation
ability [39]. In addition, FGF9 is continuously
expressed by Leydig cells in testis development
for normal male sex determination [39]. FGF9
has the highest expression in the interstitial
region at 17-18 days post coitum (dpc) and in
the spermatocytes, spermatids and Leydig
cells at 35-65 postnatal days (pnd) [40].
Furthermore, FGFR2 and FGFR3, the possible
FGF9 receptors, are widely expressed in se-
miniferous tubules and in interstitial regions,
respectively, during the embryonic testis
development, whereas FGFR2 is extensively
expressed by spermatids and Leydig cells, and
FGFR3 is widely expressed in the whole testis
in postnatal stage [40]. Recently, we have
reported that FGF9 interacts with FGFR2 to
activate ERK1/2, Rb/E2F1 and cell cycle
pathways to promote mouse Leydig tumor cell
proliferation in vitro and tumor growth in vivo
[24]. However, the oncogenic effects of FGF9
ontheinitiation stage oftesticulartumorigenesis
remain elusive.

To elucidate the tumorigenic effects and its
underlying mechanism of FGF9 on testicular
cancer, a mouse Leydig progenitor cell line,
TM3 cells were used. TM3 cells are a highly pro-
liferative and immortalized Leydig cell line
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derived from 11-13 day mouse testis, however,
they are not tumorigenic in immunocompro-
mised mice [41-43]. Our results showed that
FGF9 promoted TM3 cell proliferation by
activating AKT, MAPK and cell cycle pathways,
and induced the expression of the FGFR1, R2
and R4. Furthermore, in a severe combined
immunodeficiency mouse allograft model,
FGF9 promoted the tumorigenesis of TM3 cells
characterized by higher expression of tumor
markers, such as tumor necrosis factor alpha
(TNFo) and o-fetoprotein  (AFP), in the
subcutaneously injected TM3 tissues.

Materials and methods
Cell line

TM3 mouse Leydig progenitor cell line (BCRC
No. 60475; ATCC® CRL-1714™) was purchased
from Bioresource Collection and Research
Center (BCRC) of the Food Industry Research
and Development Institute (Hsinchu, Taiwan),
which was originally obtained from American
Type Culture Collection (ATCC) (Rockville, CT,
USA). TM3 cells were cultured in a 1:1 mixture
of Dulbecco’s modified Eagle’s medium and
Ham’s F12 medium (DMEM/F12) containing
2.5 mM L-glutamine, 0.5 mM sodium pyruvate,
1.2 g/L sodium bicarbonate and 15 mM
HEPES, and supplemented with 5% horse
serum and 2.5% fetal bovine serum at 37°C in
a humidified atmosphere containing 5% CO.,.
100 pg/mL streptomycin and 100 I.U./mL
penicillin were added. All information of
chemicals and materials used in this study are
listed in Table S1.

Cell proliferation assay

TM3 cells were seeded in 96-well plates
containing 6,000 cells with 100 ul culture
medium per well. After 19 hours of serum-free
starvation, the cells were treated with O
(control), 1, 5, 25, 50 and 100 ng/ml
recombinant human FGF9 in the medium
containing 1% FBS for 24, 48 and 72 hours,
respectively. 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (0.5 mg/ml)
was added at different time points and incu-
bated at 37°C for 4 hours. The medium was
discarded and 50 yl DMSO was added per well
to dissolve the crystals by shaking the plate for
20 minutes in the dark. The OD values in each
treatment were determined using an ELISA
reader at 570 nm (Molecular Devices, San
Jose, CA, USA).
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Cell cycle analysis

Treated TM3 cells were harvested by trypsin
digestion, washed by isotone Il, and fixed by
70% ethanol for at least 2 hours at -20°C. After
fixation, cells were washed with cold isotone Il
and then collected by centrifugation. Cell sus-
pensions were mixed with 100 yg/ml RNase
and stained with 40 pg/ml propidium iodine
(PI) for 30 minutes. The stained cells were ana-
lyzed at A = 488 nm excitation using >600 nm
band pass filter for Pl detection by FACScan
flow cytometer (Becton-Dickinson, Mountain
View, CA, USA).

Western blotting

After 19 hours of serum-free starvation, TM3
cells were treated with O or 50 ng/ml FGF9 in
the medium containing 1% FBS for O, 0.25, 0.5,
1, 3 and 6 hours. At each time point, treated
cells were washed by ice-cold PBS and lysed by
ice-cold 70 pl lysis buffer (20 mM Tris pH7.5,
150 mM NaCl, 1 mM EGTA, 1 mM EDTA, 1%
Triton X-100, 2.5 mM sodium pyrophosphate
and 1 mM sodium orthovanadate). After cen-
trifugation at 12,000xg for 15 minutes at 4°C,
supernatants were collected and stored at
-20°C. 25 pg total protein was separated by
12.5% SDS-PAGE and transferred onto poly-
vinylidence difluoride (PVDF) membranes. The
PVDF membranes with transferred protein
were blocked with 5% non-fat milk for 1 hour,
and then incubated with the primary antibody
in TBS buffer (20 mM Tris and 150 mM NaCl)
with 3% BSA for 16-18 hours at 4°C. After
washed with TBST buffer (TBS buffer with 0.1%
Tween 20), the signal was detected with horse-
radish peroxidase-conjugated secondary anti-
body and visualized with chemiluminescence
HRP substrate. The target proteins were quanti-
tated by a computer-assisted image analysis
system (UVP Biolmage system software, UVP
Inc., CA, USA). Protein level was quantitated by
using Image) software (NIH, Bethesda, MD,
USA) and the amount of B-actin in each lane
was detected as an internal control. All informa-
tion of antibodies used in this study are listed in
Table S2.

Animal experiment

12 weeks old NOD/SCID (NOD.CBA17-Prkdcs-
cid/NcrCrl) male mice were purchased from
National Laboratory Animal Center (Taipei,
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Taiwan). 1 x 10" TM3 cells were subcutan-
eously (s.c.) injected into the right flanks of
NOD/SCID mice. After 10 days, tumor-bearing
mice were randomly assigned to 3 groups (4
mice per group): control (no treatment), FGF9
(treatment), or BSA (vehicle control). Then 50
ng/mL FGF9 in 100 upyL PBS containing
0.00125% BSA was administrated into s.c.
tumors by intra-tumor injection daily for 45
days. Body weight and tumor size were mea-
sured daily. Tumor volumes were calculated by
the formula: (length x width? x 3.14)/6. All
experiments were undertaken in accordance
with relevant guidelines and regulations, which
were approved by the Institutional Animal Care
and Use Committee of National Cheng Kung
University (approval no. 110096).

Immunohistochemistry assay

Formalin-fixed paraffin-embedded tumor tis-
sue sections were dewaxed by gently immers-
ing in xylene, dehydrated through increasing
concentrations of ethanol, and then washed in
PBS. Endogenous peroxidase activity was
blocked by incubation with 0.3% H,0, and fol-
lowed by washing with PBS. Sodium citrate buf-
fer was used for the antigen retrieval and auto-
claved at 120°C for 50 min. The sections were
blocked with 2% nonfat milk for 1 h and then
incubated overnight at 4°C with primary anti-
bodies. Signal was visualized using HRP-
conjugated secondary antibody and the chro-
mogenic substrate 3,3-diaminobenzidine. The
sections were then counterstained with hema-
toxylin, dehydrated with a graded ethanol
series, cleared in xylene, and mounted with
coverslip using mounting solution. Negative
controls were performed in each IHC assay by
replacing the primary antibodies with a corre-
sponding non-specific IgG.

Statistical analysis

Data were expressed as mean = SEM from
>3 separate experiments. Statistical signifi-
cance between treatment and control groups
was examined by one-way ANOVA followed by
Tukey’s multiple comparisons post-test or Stu-
dent’s t test with GraphPad Prism 9 soft-
ware (GraphPad Software, Inc.). P < 0.05 was
considered to indicate a statistically significant
difference.
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Results
FGF9 promoted cell proliferation in TM3 cells

To investigate the proliferation effect of FGF9 in
TM3 mouse Leydig progenitor cells, different
doses (0, 1, 10, 25, 50 and 100 ng/ml) of
FGF9 were used to treat TM3 cells for 24, 48
and 72 hours, respectively. The proliferative
effect of FGF9 in TM3 cells was detected by
3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT). The results showed that
FGF9 (10~100 ng/ml) significantly and dose-
dependently enhanced TM3 cell proliferation at
24, A8 and 72 hours after treatment (Figure
1A). In the morphological observations, charac-
teristics of cell death, such as cell rounding
or floating, were not observed in 50 ng/ml
FGF9-treated TM3 cells, and the cell numbers
were higher in FGF9-treated groups at 48
hours compared to control groups (Figure 1B).
In addition to MTT assay, western blotting
assay was performed to detect the expression
of the proliferation markers, Ki-67 and prolifer-
ating cell nuclear antigen (PCNA), related to the
transcription rate of replicative DNA polyme-
rase [44]. The results showed that the expres-
sions of Ki-67 and PCNA were significantly up-
regulated by FGF9 (50 ng/ml) in TM3 cells for
12 and 48 hours, respectively (Figure 1C).
These findings indicate that FGF9 significantly
induced cell proliferation of TM3 mouse Leydig
progenitor cells.

FGF9 activated PI3K, MAPK and PLCy signal-
ing pathways in TM3 cells

We previously reported that FGF9 interacts
with FGFR2 to activate ERK1/2, Rb/E2F1 and
cell cycle pathways to induce MA-10 cell prolif-
eration [24]. Here, we also examined the mech-
anism underlying FGF9-activated cell prolifera-
tion in TM3 cells. Western blotting results
showed that phosphoryrated (p)-Akt (Thr 308)
was up-regulated after 0.25 hour of FGF9 stim-
ulation and p-Akt (Ser 473) was up-regulated
after 0.5 and 1 hour of FGF9 stimulation in TM3
cells, respectively (Figure 2A). The phosphory-
lation of Thr 308 is a prerequisite for kinase
activation, whereas the phosphorylation of Ser
473 seems to further increase the Akt activity
[45]. However, FGFQ had no effect on the
expression and phosphorylation of mTOR, one
of the downstream molecules of Akt, in TM3
cells (Figure 2B).
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Figure 1. FGF9 induced Leydig cell proliferation in TM3 mouse Leydig progenitor cells. (A) After 19 hours of serum-
free starvation, TM3 cells were treated with different concentrations of FGF9 [0 (control), 1, 10, 25, 50, and 100 ng/
ml] for 24, 48 and 72 hours, respectively. The MTT assay was performed to evaluate the cell viability of FGF9-treated
TM3 cells. (B) Cell morphology and growth were examined under light microscope 48 hours after 50 ng/ml FGF9
treatment. (C) PCNA and (D) Ki-67 in TM3 cells treated with O or 50 ng/ml FGF9 after 12, 24, 48 and 72 hours, re-
spectively, were analyzed by Western blot assay. Results are mean + standard error with at least three independent
experiments. One-way ANOVA with Tukey’s multiple comparisons post-tests in (A) or Student’s t test in (C) and (D),
respectively, were used to determine the statistical difference; *P < 0.05 vs. control group.

Next, we investigated the effects of FGF9 on
MAPK signaling pathway in TM3 cells upon
the phosphorylation level of three downstream
signal molecules, which share the same Ras/
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MAPK upstream signal: ERK1/2, JNK and p38
[46]. Results demonstrated that p-ERK1/2,
p-JNK and p-p38 were up-regulated. The p-ER-
K1/2 was up-regulated after 0.25, 0.5, 1, 3
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Figure 2. FGF9 activated PI3K/Akt and MAPK pathways in
TM3 cells. (A) p-Akt (Thr308), p-Akt (Ser 473) and total Akt,
(B) p-mTOR and total mTOR, (C) p-ERK1/2 and total ERK1/2,
(D) p-JNK and total JNK, (E) p-p38 and total p38, and (F)
phosphor-PLCy1 and total PLCy1 in TM3 cells treated with
0 or 50 ng/ml FGF9 for O, 0.25, 0.5, 1, 3, and 6 hours,
respectively, were analyzed by Western blot assay. Results
are mean * standard error with at least three independent
experiments. Student’s t test was used to determine the
statistical difference; *P < 0.05 vs. control group.
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Figure 3. FGF9 regulated cell cycle distribution in Leydig cell lines. (A) Representative flow cytometric histograms of
cell cycle analysis of TM3 cells after treatment with O (Control) or 50 ng/ml FGF9 for 0-48 hours. Cell cycle redistri-
bution of Pl-stained TM3 cells was analyzed using a FACScan flow cytometer. (B-D) Bar graphs show the cell cycle
distributions in percentage of (B) G1, (C) S, and (D) G2/M phase in TM3 cells treated with/without FGF9 (50 ng/
ml). Results are mean + standard error with at least three independent experiments. Student’s t test was used to
determine the statistical difference; *P < 0.05 vs. control group.

and 6 hours of FGF9 treatment (Figure 2C);
p-JNK was up-regulated after 0.25, 0.5 and 1
hour of FGF9 treatment (Figure 2D); and p-p38
was up-regulated after 0.25 and 0.5 hr of FGF9
treatment in TM3 cells, respectively (Figure
2E). Moreover, the phosphorylation of PLCy-1
was increased in TM3 cells at 0.25 and 1 hour
after FGF9 exposure (Figure 2F). Taken togeth-
er, these data indicate that FGF9 could activate
the PI3K, MAPK and PLCy pathways to promote
cell proliferation in TM3 cells.

FGF9 regulated cell cycle distribution in TM3
cells

In the suitable environment for growth, a cell

will duplicate its genomic DNA and protein com-
ponents to divide into two daughter cells [47].
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The cycle of duplication and division is called
the cell cycle. The speed of cell cycle repre-
sents the proliferation rate of cells [48]. Here,
we used flow cytometry to detect the changes
of cell distribution in G4, S and G2/M phases at
different times with FGF9 stimulation. Results
showed that 50 ng/ml FGF9 at 12, 16, 24 and
36 hours significantly reduced G1 phase cell
number in TM3 cells (Figure 3A and 3B).
However, 50 ng/ml FGF9 at 12, 16, 24 and 36
hours significantly increased S phase cell num-
ber (Figure 3A and 3C). In G2/M phase, signifi-
cant increases in cell number compared to con-
trol were observed at 16, 20 and 36 hours
after a 50 ng/ml FGF9 treatment (Figure 3A
and 3D). These data demonstrated that FGF9
significantly promoted cell proliferation, which

Am J Cancer Res 2022;12(12):5613-5630



FGF9 induces Leydig cell tumorigenesis

A 12 24 48 ) B 12 24 48
J hr
FGF9 (S0ng/m) — 4 — 4+ — 4 FGF9 (S0ngml) — 4+ — + — +
CyclinD1 S . 56 kDa Cyclin E SO e S 53 kDa
B-actin sy 43 kDa p-actin R — Y 1}
4 9’
a * = -
- 35 g 18 - .
: 3| * = 16
= i . ] Z14
€E¥ | 1 TE12 - g
se 2 T3 1 ]
s E 1 Control T 0 . C Control
3 15 & =08
= 1 . BFGF9 50 ng/ml 2806 - B FGF9 50 ng/ml
=) N . E 04
£ 05 ¢ r z 02
] i L 1
Z 0 - 0
12 24 48 12 24 48
Time (hr) Time (hr)
C 12 24 48 D 12 24 48
hr hr
FGF9 (50ng/ml) — 4+ — 4+ — + FGF9(S0ngml) — 4 _ 4 — 4
Cyclin A —— 1 ] 1) [} CDK4 —— — — — o 3() K])a
B-actin —asemyessunp 43 kDa B-actin ——eswsesswpww 43 kDa
5 3r * o M
g 25 - 12 |
:; = 5 1 F— ] ‘ I T
£’ Iz M
E R S EZ08 -
T 815 e B [
Lk o Control 506 ¢ - O Control
>R 1 BFGF9 50 ng/ml & 04 - B FGF9 50 ng/ml
£ =+
s 05 : 2 02t
B . | 5 |
12 24 48 12 24 48
Time (hr) Time (hr)
12 24 48
E 12 24 48 F hr
hr
3F9 (5 - - -
FGF9 (S0ng/ml) — 4+ — + — + FGF9 (50 ng/ml) + + +
CDK2 — - - 33kDa CDK1 SN 54 kDa
B-actin —-—eswsewwew 43 kDa p-actin e 43 kDa
3
o 25 o N
5 . 5 25 -
2 2 ) g *
< -— ] -
T ~ - ke [
EE15 I * £E
£5 I Control _g § 1.5 - -
PR ® FGF9 50 ng/ml £2r T & 0 Control
&= I & < I ® FGF9 50 ng/ml
g os Z 05
3 )
o 0 ' o 0 ! L L s
12 24 48 12 24 48
Time (hr) Time (hr)

Figure 4. FGF9 induced the cell cycle-related proteins in TM3 cells. (A) cyclin D1, (B) cyclin E, (C) cyclin A, (D) CDK4,
(E) CDK2, and (F) CDK1 in TM3 cells treated with O (Control) or 50 ng/ml FGF9 for 12, 24 and 48 hours, respectively,
were analyzed by Western blot assay. Results are mean * standard error with at least three independent experi-
ments. Student’s t test was used to determine the statistical difference; *P < 0.05 vs. control group.
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Figure 5. FGF9 induced cell cycle regulated protein in TM3 cells. (A) p-p53 and total p53, (B) p21, (C) p-p27 and total
p27, and (D) p-Rb in TM3 cells treated with O (Control) or 50 ng/ml FGF9 for 12, 24 and 48 hours, respectively, were
analyzed by Western blot assay. Results are mean + standard error with at least three independent experiments.
Student’s t test was used to determine the statistical difference; *P < 0.05 vs. control group.

was highly correlated to cell cycle progressions
in TM3 cells.

FGF9 induced cell cycle protein expressions in
TM3 cells

The cell cycle controlling system depends on
cyclically activated cyclin-dependent protein
kinases (CDKs) and the activities of CDKs,
which are regulated by different cyclins under-
going a cycle of synthesis and degradation in
each cell cycle [49]. The western blotting assay
was carried out to determine various protein
expressions. Results showed that the expres-
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sion of cyclin D1 was up-regulated from 12 to
48 hours by 50 ng/ml FGF9 in TM3 cells (Figure
4A). However, the expression of CDK4 was not
changed after FGF9 treatment in TM3 cells
(Figure 4B). The expressions of cell cycle relat-
ed proteins at S/G2/M phase were also exam-
ined. The expression of cyclin E showed no sig-
nificant change after FGF9 treatment in TM3
cells (Figure 4C). However, the expression of
CDK2 was up-regulated at 24 and 48 hours by
50 ng/ml FGF9 in TM3 cells (Figure 4D). In
addition, cyclin A was up-regulated at 48 hours
(Figure 4E), and CDK1 was up-regulated at 24
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Figure 6. FGF9 induced the expression of FGFRs in TM3 cells. (A) FGFR1,
(B) FGFR2, (C) FGFR3 and (D) FGFR4 in TM3 cells treated with O (Control)
or 50 ng/ml FGF9 for 12, 24, 48 and 72 hours, respectively, were analyzed
by Western blot assay. Results are mean + standard error with at least three
independent experiments. Student’s t test was used to determine the statis-

tical difference; *P < 0.05 vs. control group.

and 48 hours by 50 ng/ml FGF9 in TM3 cells
(Figure 4F), respec-tively. Taken together, these
data imply that FGF9 induced TM3 cell pro-
liferation by increasing the expressions of
cyclins and CDKs to promote the cell cycle
progression.

FGF9 increased the expression of p21 and
phosphorylated Rb in TM3 cells

The cell cycle progression is controlled by cy-
clins and CDKs. When cells stop dividing, the
key regulation proteins, such as p53, p21 and
p27, are turned on to slow or stop the cell cycle
progression [50, 51]. The p53 is one of the
critical proteins to regulate cell cycle, which
could be activated by different stress signals,
such as DNA strand break, hypoxia, heat sho-
ck and hyperproliferation. The phosphorylated
p53 could consequently activate its down-
stream molecules, p21 and p27, that mediate
the cyclin/CDK complex inhibition [50, 51].
Thus, the expressions and/or phosphorylation
of p53, p21 and p27 were determined by west-
ern blotting assay. Results showed that FGF9
increased the phosphorylation and expression
of p53 in TM3 cells, but the ratios of phosphor-
ylated-p53 at serine 15 to total p53 in FGF9-
treated TM3 cells were not significantly differ-
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lated-p27 to total p27 in
FGFO-treated TM3 cells were
not significantly different as
compared to control group in
TM3 cells (Figure 5C). More-
n over, the phosphorylation of
retinoblastoma protein (Rb), a
tumor suppressor which pre-
vents abnormal cell growth by
inhibiting cell cycle progres-
sion at G1/S check point [52],
significantly increased at 24
and 48 hours after FGF9 treat-
ment in TM3 cells (Figure 5D).
Taken together, that the increased phosphory-
lation of Rb and expression of p21 related to
the cell cycle progression in TM3 mouse Leydig
progenitor cells induced by FGF9 could be the
essential cause of tumorigenesis.

FGF9 induced FGFR1-4 expressions in TM3
cells

FGFs act through binding and activation of
FGFRs to regulate a variety of cell biological
functions [9, 11]. We, therefore, further investi-
gated whether FGF9 could positively and/or
negatively regulate the expression of FGFRs to
amplify the effect of FGF9 in TM3 mouse Leydig
progenitor cells related to tumorigenesis. We-
stern blotting assay results showed that FGF9
at 50 ng/ml significantly increased FGFR1
expression after 12 and 24 hours exposure
(Figure 6A). FGFR2 expression was elevated at
12 hours after FGF9 treatment (Figure 6B),
whereas FGFR3 was not induced by FGF9 treat-
ment (Figure 6C). FGFR4 was also up-regulated
by 50 ng/ml FGF9 after 12 and 48 hours expo-
sure (Figure 6D). These data illustrate that
FGF9 increased the expressions of FGFR1, 2
and 4 in TM3 cells, indicating that FGF9 might
be able to enhance the signals forming a posi-
tive loop in TM3 mouse Leydig progenitor cells
for possible tumorigenesis.
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Figure 7. Inhibitor effect of FGF9-induced Akt and MAPK activation in TM3
cells. After 19 hours of serum-free starvation, TM3 cells were pretreated
with 20 uM PF573228 (FAK inhibitor), 175 nM Wortmannin (Akt inhibitor),
30 uM U0126 (ERK inhibitor), 25 yM SP600125 (JNK inhibitor) or 1 uM
SB203580 (p38 inhibitor) for 1 hour, respectively. Then, cells were treated
with 50 ng/ml FGF9 (F9) and an inhibitor as indicated for 15 minutes. A.
Expressions of p-ERK1/2, total ERK1/2, p-JNK, total JNK, p-Akt, total Akt,
p-p38, and total p38 without or within 50 ng/ml FGF9 plus FAK, Akt, ERK,
JNK, or p38 inhibitors, respectively, were analyzed by Western blot assay in
TM3 cells. B. Bar charts show the quantified protein bands of p-ERK1/2, p-
JNK, p-Akt, and p-p38 normalized against total ERK1/2, JNK, Akt and p38,
respectively, which is presented as fold of control. Results are mean + stan-
dard error with at least three independent experiments. One-way ANOVA with
Tukey’s multiple comparisons post-tests were used to determine the statisti-
cal difference; **P < 0.01 and ***P < 0.001 vs. control group; and SP <
0.05, 8P < 0.01, and 8%8P < 0.001 vs. FGF9-treated group.

Inhibitors suppressed FGF9-induced Akt,
ERK1/2, JNK and/or p38 signals in TM3 cells

cells were pretreated with
Wortmannin  (Akt inhibitor),
U0126 (ERK inhibitor), SP60-
0125 (JNK inhibitor), and/or
p38 inhibitor for 1 hour before
FGF9 stimulation. Then, inhibi-
tors and FGF9 were added
together in TM3 cells for 15
minutes. Since it has been
reported that focal adhesion
kinase (FAK) is an important
component in growth factor
activation of MAP kinase [53],
the inhibition of FAK in FGF9-
treated TM3 cells was also
investigated. Western blott-
ing results showed that 20
UM PF573228, a FAK inhi-
bitor, abrogated FGF9-induc-
ed p-ERK, p-JNK, p-p38 and
p-Akt in TM3 cells (Fi-gure 7A
and 7B), indicating that FGF9-
induced activation of MAPK
and Akt pathways were in a
FAK-dependent manner. More-
over, wortmannin (Akt inhibi-
tor) reduced FGF9-induced
p-Akt in TM3 cells (Figures 7A,
7B and S1), but did not affect
the expression of p-ERK,
p-JNK and p-p38. In addition,
complete inhibition of the ERK
with  MEK inhibitor U0126
suppressed the expression of
p-JNK and p-p38, but not
p-Aktin TM3 cells (Figures 7A,
7B and S1). These data indi-
cated that ERK was not asso-
ciated with the regulation on
Akt pathway under FGF9 stim-
ulation. Moreover, when p-JNK
was suppressed by JNK inhibi-
tor (SP600125), the expres-
sion of p-ERK, p-Akt and
p-p38 was inhibited in TM3
cells (Figures 7A, 7B and S1),
indicating that JNK could posi-
tively regulate MERK and Akt
pathways. Surprisingly, treat-

ment with p38 inhibitor did not suppress the
phosphorylation of p38 in FGF9-induced TM3

cells (Figure 7A and 7B). There might be

To further confirm whether FGF9 signaling was
PI3K and/or MAPK pathway dependent, TM3
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unknown downstream pathways of JNK cas-
cade other than that of p38 inhibitor in FGF9-
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Figure 8. FGF9 promoted the tissue growth and the expression of tumor markers in subcutaneous TM3 nodules in
the NOD-SCID mouse model. TM3 cell subcutaneously (s.c.) inoculated NOD-SCID mice were treated with 5 ng FGF9
or 0.00125% BSA (vehicle control) once daily for 45 days. Mice in Control (Ctrl) group with s.c. inoculated TM3 cells
received no treatment. (A) Tumor growth curves were plotted against time. (B) Tumor morphology and (C) weights of
excised subcutaneous TM3 cell tumors from the Control, BSA and FGF9 group mice are illustrated, respectively. (D)
Immunohistochemistry (IHC) assay for a-fetoprotein (AFP) and tumor necrosis factor alpha (TNFx), tumor markers,
expressions in TM3 cell tumors (original magnification: x 200; scale bar, 100 um). Values are represented as the
mean + SEM; n = 4 in BSA and FGF9 groups, and n = 3 in Control group. The data were analyzed by Two-way ANOVA
with Sidak’s multiple comparisons post-test in (A) or one-way ANOVA with Tukey’s multiple comparisons post-test in
(C) and (D), respectively; *P < 0.05 and **P < 0.01 vs. Control group; and $P < 0.05 and $8P < 0.01 vs. BSA group.

induced TM3 cells. According to these data, the
Akt, ERK1/2, JNK, and p-38 pathways were
activated after FGF9 stimulation. Akt and ERK
pathways could possibly act independently,
whereas JNK regulated Akt, ERK and p38 path-
ways upon FGF9 induction.

FGF9 promoted tumor growth and tumorigen-
esis of TM3 allograft model

Since FGF9 promoted TM3 cell proliferation in
vitro, the oncogenic effect of FGF9 was further
investigated in vivo by subcutaneously (s.c.)
inoculat-ing TM3 cells into the right flank of
male NOD-SCID mice. After 10 days, mice were
given daily s.c. injections of 5 ng FGF9 or BSA
(vehicle) for 45 days. Results showed that
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the TM3 cell tissue volumes of the FGF9-
treated group were significantly higher than
that of BSA (vehicle) and control (no treatment)
groups (Figure 8A). Also, the tumor weights sig-
nificantly increased with FGF9 administration
(FGF9-treated group, 0.668 + 0.08 g: vehicle
group, 0.37 + 0.10 g; and control group, 0.435
+ 0.10 g) (Figure 8B and 8C).

Tumor necrosis factor alpha (TNFx) and
ao-fetoprotein (AFP) are common biomarkers for
diagnosis and follow-up in hepatocellular carci-
noma, breast cancer, lung cancer, and germ
cell tumors [54-56]. Clinical and laboratory
investigations have also reported that AFP and
TNFa are useful biomarkers in diagnosis and
detection for recurrence of testicular cancer

Am J Cancer Res 2022;12(12):5613-5630
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Figure 9. Schematic representation of the possible pathways activated by FGF9 to promote cell proliferation in TM3
mouse Leydig progenitor cells. FGF9 interacts with FGFRs to stimulate the phosphorylation of Akt, MAPK (ERK1/2,
JNK and p38), PLCy and Rb, and subsequently induces the expressions of cell cycle related proteins, cyclins and
CDKs, to increase cell cycle progression, which finally promotes TM3 cell proliferation. In NOD-SCID allograft model,
FGF9 promotes TM3 tumorigenesis by increasing TM3 tumor growth and enhancing the AFP and TNFax expressions

in TM3 allograft tissues.

[57, 58]. To further investigate the tumor pro-
moting properties of FGF9, we examined the
expressions of AFP and TNFa expressions in
s.c. inoculated TM3 cell tissues. Immunohis-
tochemistry (IHC) staining results showed that
the s.c. inoculated TM3 cell tissue expressed
higher level of AFP and TNFo upon FGF9 stimu-
lation (Figure 8D). The data suggested that
FGF9 exerted tumorigenic abilities.

Discussion

In this study, we demonstrated that FGF9 pro-
moted cell proliferation in TM3 mouse Leydig
progenitor cells through FAK, PI3K/Akt, MAPK
and PLCy pathways. FGF9 also induced cell
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cycle progression by increasing the expre-
ssions of p-Rb, cyclins and CDKs (Figure 9).
These results, along with our previous reports
on the FGF9-increased cell proliferation and
tumor growth of MA-10 mouse Leydig tumor
cells [24, 59], suggest that FGF9 is an impor-
tant regulator of cell proliferation in both Leydig
progenitor and tumor cells.

In the present study, we have used TM3 cell
lines as a model system to investigate the
effect of FGF9 in Leydig progenitor cells. TM3
cell line was derived from primary culture of
mouse Leydig cell enriched preparations from
normal testis of 11- to 13-day-old BALB/c mice
[41]. Unlike isolated primary Leydig cells, TM3
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cells have proliferation ability in culture condi-
tion, but do not form tumors when inoculated in
BALB/c-nu/nu mice subcutaneously [41]. In
hormone production test, TM3 cells respond to
LH or hCG but not to FSH with an increased
cyclic AMP production. According to these char-
acteristics, many studies consider that TM3 is
a normal mouse cells [60, 61]. Based on the
non-tumorigenic ability and cell proliferation
ability, TM3 cell line may be defined as a pro-
genitor cell line [43].

In our results, we demonstrated the activation
profile of PI3K, MAPK and PLCy signaling
pathways in FGF9-treated TM3 mouse Leydig
progenitor cells. Compared to our previous
results, FGF9 could induce Akt phosphorylation
as soon as at 0.25 hour in TM3 cells (Figure
2A), whereas Akt phosphorylation was induced
at 3 hours in FGF9-treated MA-10 cells [59].
However, no changes were observed in the
expression of p-mTOR after FGF9 stimulation.
In addition to Akt, PKC and MAPK signaling
path-ways were demonstrated to regulate the
activity of mTOR complex [62, 63]. Other stud-
ies have also shown that FGF9-mediated mTOR
activation promoted stromal cell proliferation
was not through PI3K/Akt signal. These evi-
dences indicate that there is no direct link
between Akt and mTOR signal, which could
match with our results.

In MAPK signaling pathway, FGF9 could only
induce ERK1/2 phosphorylation in MA-10 cells
[24, 59], but JNK, ERK1/2 and p38 phosphory-
lation in TM3 cells, respectively (Figure 2). It
has been reported that the gastric cancer
growth, migration and invasion were regulated
through JNK/cJun/AP-1 signaling [64, 65]. ERK
activation was demonstrated to promote gas-
tric cancer growth, endometrial carcinoma tu-
morigenesis, and breast cancer proliferation
[66, 67]. p38 was reported to involve in bone
mesenchymal stem cell and hepatic stellate
cell proliferation [68, 69]. Additionally, PLCy
was involved in cell proliferation, migration, sur-
vival and death [70]. According to these litera-
tures, we speculate that FGF9 does contribute
to cell proliferation in TM3 cells.

In flow cytometry experiments, we noticed
that FGF9 reduced cell number in G1 phase,
but increased cell number in S and G2/M phase
in TM3 cells after 12-hour exposure, respec-
tively. The protein level of cyclin D1 was up-reg-
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ulated by FGF9 from 12 to 48 hours, and CDK2,
cyclin A and CDK1 were also up-regulated by
FGF9 at 24 and 48 hours in TM3 cells, respec-
tively. It is interesting that cyclin D1, the specific
protein expressed in G1 phase, also significant-
ly expressed in S/G2/M phase in TM3 cells.
Kaplon and his colleague have demonstrated
that cyclin D-CDK4/6 complex did increase at
early G1 phase and decreased at S phase.
However, cyclin D-CDK4/6 complex had sec-
ondary peak after the increase of cyclin
A-CDK1/2 complex in G2/M phase [49]. Thus,
it is possible the elevated cyclin D at 48 hours
is the secondary peak in S and G2/M phase
during FGF9 stimulation in TM3 cells.

In the cell cycle inhibitory protein, the phos-
phorylation and expression level of p53 were
up-regulated and p27 were down-regulated
during FGF9 stimulation in TM3 cells. However,
the quantification ratio of the phosphorylated
protein to it's total protein did not show signifi-
cant difference between control and FGF9-
treated group. We speculate that the inhibitory
effect of p53 and p27 may be normalized by
the higher expression of total p53 and p27. In
addition, FGF9 increased the expression level
of p21 from 12 to 48 hours. Except for the
inhibitory effect, p21 was also demonstrated to
be up-regulated by growth factors in p53 inde-
pendent manner [71]. Different from the inhibi-
tory effect of p21 in the nucleus, the cytosolic
p21 could mediate the assembly and import of
cyclin D-CDK4/6 complex [72, 73]. Moreover,
cyclin A-CDK2 or cyclin D-CDK4 complexes
have been reported to be active even in pres-
ence of abundant p21 protein [74]. According to
these studies, it needs more studies to identify
the effect of p21 in FGF9-treated TM3 cells.

In the inhibitor treatments, we showed that the
MAPK inhibitor (SB203580, PD98059 and
SP600125) increased the expression of p-Akt
in TM3 cells. Numerous studies have been
reported that there were crosstalk and com-
pensation between MAPK and PI3K-Akt signal-
ing pathways, which can negatively regulate
each other’s activity [75-77]. In many types of
cells, the cross-talk effects depend on the EGF
levels and the stimulation time. Low EGF doses
activate PI3K-Akt pathway and suppress Ras-
ERK pathway, whereas high EGF doses nega-
tively influence the ERK pathway on the Akt
pathway [76]. Moreover, VEGF signaling con-
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sists of two downstream components with
opposite effects in artery-vein specification of
endothelial progenitor cells. It has been shown
that ERK1/2 signaling promotes the arterial
cell fate, whereas PI3K-Akt signaling has an
opposite effect to promote vein cell differentia-
tion by blocking ERK activation [77]. These
studies and our observation indicate that the
cross-talk of cellular signaling pathways occurs
under certain environmental signals and/or
stimulations.

In animal experiment, results showed that
FGF9 significantly induced TM3 tumor growth
(Figure 8A-C), although the TM3 cell tissue size
at 45 days after FGF9 induction is much less
than MA-10 tumors with only 9 days after FGF9
stimulation (control group, 3.08 £ 0.27 g; and
FGFO-treated group, 4.62 + 0.54 g) [24]. In
addition, we indeed observed that both of AFP
and TNFa, tumor biomarkers, expression levels
were increased by FGF9. However, the M1/M2
macrophages were not present in the FGF9-
treated TM3 nodules (data not shown). These
findings imply that FGF9-stimulated TM3 cell
tissue was still at the early stage of tumorigen-
esis without the ability to recruit monocyte infil-
trations, the key factors in tumor environment
associated with immune tole-rance, angiogen-
esis and metastasis.

In summary, we demonstrated that FGF9 could
promote cell proliferation in both Leydig pro-
genitor cells (Figure 1) and tumor cells [24]. The
FGF9-induced receptor expressions, signal
activation and cell cycle redistribution provide
the possible route of FGF9-induced cell prolif-
eration in Leydig cells. It is suggested that FGF9
is required for tissue development, and also
involved in tumorigenesis and tumor progres-
sions in testis, which is a potential marker for
tumor diagnosis and a target for cancer
treatment.
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Table S1. Chemicals and materials used in this study

Chemical/Material

Manufacturer?

Catalogue No.

2-ME (2-Mercaptoethanol)
Acrylamide/Bis-acrylamide, 30% solution
Agar

Agarose

Bovine serum albumin (BSA)

Citric Acid

DAB (Mouse/Rabbit Probe HRP Labeling Kit)
DMEM/F12 Dulbecco’s modified eagle medium/nutrient mixture Ham’s F12
DMSO

DPX Mountant for histology

ECL detection kit (Immunobilon® chemiluminescent HRP substrate)
EDTA

EGTA

Ethanol

Fetal bovine serum (FBS)

human FGF9, recombinant

Glycine

Hematoxylin

HEPES [4-(2-hydroxyethyl)-1- piperazinee-thanesulfonic acid]
Hydrochloric acid (HCI)

LB Broth

Magna ChIP™ G Kit

Methanol

MTT [3-(4,5-dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium bromide]
Paraformaldehyde (PFA)

PD98059 (MAPK/ERK1/2 inhibitor)
Penicillin/Streptomycin

Potassium chloride (KCI)

Potassium dihydrogen phosphate (KH_PO,)
ProLong® Diamond Antifade Mountant with DAPI
Protease Inhibitor Cocktail

Protein Assay Dye

Protein G magnetic Beads (PureProteome™)
Puromycin

Sodium bicarbonate (NaHCOB)

Disodium hydrogen phosphate (Na,HPO )
Sodium azide

Sodium chloride (NaCl)

Sodium chloride (NaCl)

Sodium dodecyl sulfate (SDS)

Sodium hydroxide (NaOH)

Sodium orthovanadate

Sodium pyrophosphate

TBE buffer (5x)

Tris base

Tris HCI

Triton X-100 (for IHC)

Triton X-100 (for cell lysate)

Trypen blue

Trypsin-EDTA (0.5%, 10x)

Tween 20

Waymouth MB 752/1 medium

Alfa Aesar/Thermo Fisher Scientific
Sigma-Aldrich
BD
GeneDirex
UniRegion BioTech
J. T. Baker
BioTnA
Gibco/Thermo Fisher Scientific
Sigma-Aldrich
Sigma-Aldrich
Millipore
Sigma-Aldrich
Merck
J.T.Baker
Gibco/Thermo Fisher Scientific
PEPROTech
J.T Baker
Merck
Sigma-Aldrich
Merck
BD
EMD Millipore
DUKSAN
Sigma-Aldrich
Merck
Sigma-Aldrich
Simply
Sigma-Aldrich
Sigma-Aldrich
Thermo Fisher Scientific
Sigma-Aldrich
BioRad Laboratories
EMD Millipore
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
J.T Baker
SERVA
Sigma-Aldrich
Sigma-Aldrich
Riedel-de Haén
UniRegion Bio Tech
J.T. Baker
J.T. Baker
BDH laboratory Supplies
GERBU
Sigma-Aldrich
Gibco/Thermo Fisher Scientific
PanReac AppliChem
Sigma-Aldrich

A15890
A3574-100ML
214530
MB755-0100
UR-BSA001-100G
0122-01
TAHCO3D-100
12400-024
D4540-500ML
06522-100ML
WBKLS0500
E5134-100G
L808635342
8006-05
10437-028
100-23
4059-06
HX68297174
H4034-100G
K49418617738
244620
MAGNAOO02
62
M5655
1,04005.1000
P215-5MG
CC502-0100
P5405-250G
P5655-100G
P36962
P8340-1ML
5000006
LSKMAGGO02
P8833-100MG
S§5761-500G
S§5136-100G
§2002-100G
S6191-1KG
3624-05
20765.03
S2770
S6508
30411
UR-TBEL
4109-06
4103-02
306324N
2000
18154
15400-054
123412-1611
W1625-1L
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9490-03
BSPO161

Xylene J.T. Baker

PVDF membrane (Polyvinylidence difluoride membrane; 0.45 micron pore size) PALL Life Science

aThe headquarters locations of companies: BD (Becton, Dickinson and Company), Franklin Lakes, NJ, USA; BioTnA, Kaohsiung, Taiwan; BDH laboratory Supplies,
Kampala, Uganda; DUKSAN, Ansan City, Kyunggi, Korea; GeneDirex, Taichung, Taiwan; Gibco, Grand Island, NY, USA; GERBU Biotechnik GmbH, Heidelberg, German;
J.T.Baker/Fisher Scientific UK Ltd., Loughborough, UK; Merck, Darmstadt, Germany; Millipore, Billerica, MA, USA; EMD Millipore, Billerica, MA, USA; PALL Corporation, Port
Washington, NY, USA; PanReac AppliChem, Iselin, NJ, USA; PerkinElmer, Waltham, MA, USA; PEPROTech, Rocky Hill, NJ, USA; Riedel-de Haén/Honeywell, Morristown, NJ,
USA; Sigma-Aldrich, St. Louis, MO, USA; SERVA Electrophoresis GmbH, Heidelberg, German; Thermo Fisher Scientific Inc., Waltham, MA, USA; UniRegion Bio Tech, Taipei,
Taiwan.

Table S2. Antibodies used in this study

Antibody Manufacturer? Catalogue No. Species/Clonality  Application®
Primary Antibody
Alpha-Fetoprotein Novus #NBP-1- 76275  rabbit/polyclonal IHC
Akt Cell Signaling #9272 rabbit/polyclonal WB
Phosphor-Akt Cell Signaling #9271 rabbit/polyclonal WB
B-actin Sigma-Aldrich A5441 mouse/monoclonal WB
CDK1 AbCam abl8 mouse/monoclonal WB
CDK2 Cell Signaling #2546 rabbit/monoclonal WB
CDK4 AbCam ab137675 rabbit/monoclonal WB
Cleaved-Caspase 3 Cell Signaling, #9661 rabbit/polyclonal WB
Cyclin A1 Proteintech 13295-1-AP rabbit/monoclonal WB
Cyclin B1 Abcam ab181593 rabbit/monoclonal WB
Cyclin D1 Cell Signaling #2978 rabbit/polyclonal WB
Cyclin E1 Cell Signaling #20808 rabbit/polyclonal WB
E2F1 Abcam ab179445 rabbit/monoclonal WB
ERK1/2 Cell Signaling #9102 rabbit/polyclonal WB
Phosphor-ERK1/2 Cell Signaling #9101 rabbit/polyclonal WB
FGF9 Abcam ab9743 rabbit/polyclonal WB
FGFR1 Sigma-Aldrich F5421 rabbit/polyclonal WB
FGFR2 Sigma-Aldrich F6769 rabbit/polyclonal WB
FGFR3 Sigma-Aldrich F3922 rabbit/polyclonal WB
FGFR4 Abcam ab5481 rabbit/polyclonal WB
18G Jackson ImmunoResearch 005-000-003 goat Negative control
011-000-003 rabbit for all experiments

INK Cell Signaling #9252 rabbit/polyclonal WB, IHC
Phosphor-JNK Cell Signaling #9251 rabbit/polyclonal WB, IHC
Ki-67 Abcam abl16667 rabbit/polyclonal WB, IHC
mTOR Cell Signaling #2983 rabbit/polyclonal WB
Phosphor-mTOR Cell Signaling #2971 rabbit/polyclonal WB
p21 GeneTex GTX62525 rabbit/polyclonal WB
Phosphor-p21 Santa Cruz Biotechnology sc-20220-R rabbit/polyclonal WB
p27 Cell Signaling #3698 rabbit/polyclonal WB
Phosphor-p27 Cell Signaling #2404 rabbit/polyclonal WB
p38 Cell Signaling #9212 rabbit/polyclonal WB
Phosphor-p38 MAPK Abclonal AP0526 rabbit/polyclonal WB
p53 Cell Signaling #2524 rabbit/polyclonal WB
Phosphor-p53 Cell Signaling #9284 rabbit/polyclonal WB
PLCy1 Cell Signaling #5690 rabbit/polyclonal WB
Phosphor-PLCy1 Cell Signaling #2821 rabbit/polyclonal WB
Rb Abcam Ab181616 rabbit/monoclonal WB
Phosphor-Rb Cell Signaling #8516 rabbit/monoclonal WB
TNFa Affinity AF7014 rabbit/polyclonal IHC

Secondary Antibody
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Anti-mouse IgG HRP-conjugated PerkinElmer NEF82200- 1EA Goat WB
Anti-rabbit 1gG HRP-coniugated PerkinElmer NEF81200- 1EA Goat WB

aThe headquarters locations of companies: Abcam, Cambridge, UK; Abclonal, Woburnm MA, USA; Abnova, Taipei, Taiwan; Cell Signaling, Beverly,
MA, USA; GeneTex, Irvine, CA, USA; Invitrogen, Waltham, MA, USA; Jackson ImmunoResearch, West Grove, PA, USA; PerkinElmer, Waltham, MA,
USA; Proteintech, Rosemont, IL, USA ; Santa Cruz Biotechnology, Santa Cruz, CA, USA; Sigma-Aldrich, St. Louis, MO, USA; Thermo Fisher Scientific
Inc., Waltham, MA, USA. °ChIP: Chromatin Immunoprecipitation; IF, immunofluorescence staining; IP: Immunoprecipitation; IHC, immunohisto-
chemistry staining; WB, western blot analysis; HRP, horseradish peroxidase.
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Figure S1. The titration of (A) Wortmannin (Akt inhibitor); (B) SP600125 (JNK inhibitor); and (C) U0126 (ERK inhibi-
tor) in FGF9-treated TM3 cells. After 19 hours of starvation, TM3 cells were treated with inhibitors for 1 hour, and
then exposed to 50 ng/ml FGF9 and an inhibitor as indicated for 0.25 hours.



