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Abstract

Prostate cancer (PCA) is an epithelial malignant tumor occurring in the prostate gland. It is the second most common male
cancer in the world and one of the top five cancer deaths in men. To combat this disease, it is needed to identify important
tumor suppressor genes and elucidate the molecular mechanisms. S100 calcium-binding protein A14 (S100A14), a member
of the S100 family, is located on chromosome 1q21.3 and contains an EF-hand motif that binds calcium. S100A14 is involved
in a variety of tumor biological processes in several types of cancers. Its expression level and related biological functions are
tissue or tumor specific. However, its possible effects on prostate cancer are still unclear. Herein, we found the low expression
of S100A14 in human prostate cancer tissues and cell lines. SI00A 14 suppressed the proliferation of prostate cancer cells
and promoted cell apoptosis. Additionally, SI00A 14 suppressed the motility and EMT processes of prostate cancer cells. We
further found S100A 14 promoted the expression of FAT1 and activated the Hippo pathway, which, therefore, suppressed the
prostate cancer progression. The in vivo assays confirmed that SI00A 14 suppressed tumor growth of prostate cancer cells
through FAT 1-mediated Hippo pathway in mice. In conclusion, we clarified the mechanism underlying S100A14 suppressing
prostate cancer progression and, therefore, we thought S100A 14 could serve as a tumor suppressor protein.
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Introduction

Prostate cancer (PCA) is an epithelial malignant tumor
occurring in the prostate gland [1]. It is the second most
common male cancer in the world and one of the top five
cancer deaths in men [2]. The treatment of prostate cancer
should be considered comprehensively according to the age
and severity of the patient, mainly including surgical treat-
ment, radiotherapy and chemotherapy, targeted therapy and
immunotherapy, etc. [3]. To prevent and control advanced
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and metastatic tumors, it is necessary to find markers that
predict clinical progression and treatment strategies [4]. The
inactivation or overactivation of tumor suppressor genes or
proto-oncogenes in many types of cancer, including prostate
cancer, is often an important factor in tumor development
[5]. To combat this disease, it is needed to identify impor-
tant tumor suppressor genes and elucidated the molecular
mechanisms.

S100 calcium-binding protein A14 (S100A14), a member
of the S100 family, is located on chromosome 1q21.3 and
contains an EF-hand motif that binds calcium [6]. SI00A 14
mediated multiple cellular processes and have several physi-
ological functions [7, 8]. SI00A 14 protein is involved in cell
invasion by affecting the expression and function of MMP2
via transcriptional regulation [9]. Additionally, it also stimu-
lates cell proliferation or apoptosis at different concentra-
tions via the receptor for advanced glycation end products
(RAGE) [10].

Recently, the wide effects of S100A14 have been well
revealed [11, 12]. It is involved in a variety of tumor
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biological processes, including proliferation, apoptosis,
cell motility, and signal transduction [9, 11]. However, its
expression level and related biological functions are tissue
or tumor specific [13]. Studies have shown that ST00A 14 can
activate the mitogen-activated protein kinase (MAPK) path-
way, and then induce lung adenocarcinoma cell proliferation,
cervical cancer cell EMT and breast cancer cell metastasis
[14, 15]. SI00A14 also served as a tumor suppressor gene;
it suppressed FAK pathway and MMPs by blocking stored
Ca”* influx [11]. However, its possible effects on prostate
cancer are still unclear.

In this study, we assessed the expression levels of
S100A14 in human prostate cancer tissues and cell lines,
investigated its effects on prostate cancer cell proliferation,
apoptosis, motility, and EMT processes, and explore the
possible mechanisms. Our data revealed that SI00A 14 sup-
pressed prostate cancer progression through FAT1-mediated
Hippo pathway, and therefore we thought S100A14 could
serve as a tumor suppressor protein.

Materials and methods
Bioinformatic analysis

Gene Expression Profiling Interactive Analysis (GEPIA)
was used to analyze SI00A14 or FAT1 expression in pros-
tate cancer tissues from The Cancer Genome Atlas (TCGA)
database.

Antibodies and plasmids

Anti-S100A14 antibody (1:100 dilution for Immunohisto-
chemical (IHC), 1:500 dilution for Immunoblot, ab251779,
abcam), anti-Ki67 antibody (1:200 dilution for IHC,
1:2000 dilution for Immunoblot, ab15580, abcam), anti-E-
cadherin antibody (1:200 dilution for IHC, 1:1000 dilution
for Immunoblot, ab40772, abcam), anti-p-YAP1 antibody
(1:200 dilution for IHC, 1:500 dilution for Immunoblot,
ab62751, abcam), anti-YAP1 antibody (1:500 dilution,
ab52771, abcam), anti-FAT1 antibody (1:100 dilution for
IHC, 1:500 dilution for Immunoblot, ab190242, abcam) anti-
N-cadherin antibody (1:500 dilution, ab245117, abcam),
anti-LATS1 antibody (1:500 dilution, ab234820, abcam),
anti-p-LATS1 antibody (1:500 dilution, ab111344, abcam),
anti-MST-1 antibody (1:500 dilution, ab231138, abcam),
anti-p-MST-1 antibody (1:500 dilution, ab247466, abcam),
anti-Bax antibody (1:500 dilution, ab32503, abcam), anti-
Bcl-2 antibody (1:500 dilution, ab182858, abcam), anti-
PCNA antibody (1:2000 dilution, ab92552, abcam), anti-p21
antibody (1:1000 dilution, ab109520, abcam), anti-p-actin
antibody (1:3000 dilution, ab8226, abcam). The plasmids
of pcDNA3.1-S100A 14, sh1-S100A14, sh2-S100A 14,
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sh1-FAT1, and sh2-FAT1 plasmids were constructed by
ourselves.

Immunohistochemical (IHC) assays

This study is concerned with animal and human experi-
mental compliance Guide for the Care and Use of Labo-
ratory Animals and World Medical Association Decla-
ration of Helsinki. The operations in the assays were all
approved by the Institutional Animal Care and Use Com-
mittee (IACUC) of Fujian Medical University Union
Hospital. All procedures performed in studies involv-
ing human participants were in accordance with the stand-
ards upheld by the Ethics Committee of Fujian Medical
University Union Hospital. The expression levels of proteins
in tumor tissues were detected through IHC assays. The sec-
tions (5 um thick) were fixed by the use of 4% paraform-
aldehyde (PFA) at room temperature for 30 min. The sec-
tions were subsequently blocked using 2% BSA for another
30 min. The blocked sections were then incubated through
the use of antibodies for 2 h and subsequently incubated with
biotinylated secondary antibodies for another 1.5 h. At last,
the chromogen substrate was used.

Cell culture and transfection

The human prostate cells (RWPE-1), and 4 types of prostate
cancer cells, including DU-145, PC-3, VCaP, and LNCaP
cells, were all bought from ATCC and maintained in DMEM
supplemented with 10% of fetal bovine serum (FBS) and
incubated at 37 °C in a 5% CO, incubator.

The plasmids were transfected into endometrial can-
cer cells by the use of Lipofectamine® 2000 (Invitrogen;
Thermo Fisher).

Quantitative PCR assays

Total RNA was extracted from prostate cancer cells using
Trizol reagent (15596-018, Invitrogen). Then total RNA
was reverse-transcribed by the use of M-MLV reverse tran-
scriptase kit (M1701, Promega). Quantitative PCR was then
performed through the use of the SYBR mixture (RR420A,
Takara). The expression levels of S100A 14 were normalized
to the expression of GAPDH. The sequences of S100A14
quantitative PCR primers were: forward, 5'-GAGACGCTG
ACCCCTTCTG-3' and reverse, 5'-CTTGGCCGCTTCTCC
AATCA-3'; the sequences of FAT1 quantitative PCR prim-
ers were: forward, 5'-CATCCTGTCAAGATGGGTGTTT-
3" and reverse, 5S'-ACTCTTCCGCTTTGAACAGGT-3'; the
sequences of GAPDH were: 5'-CGACCACTTTGTCAA
GCTCA-3" and reverse, 5'-GGTTGAGCACAGGGTACT
TTATT-3".
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Immunoblot assay

Cells or tumor tissues were lysed by the use of RIPA buffer
(9800; Cell Signaling). All the cell and tissue samples were
isolated to extract the proteins and separated through SDS-
PAGE, then transferred onto PVDF membranes, followed
by blocking with 5% fat-free milk in TBST. All membranes
were subsequently treated with primary antibodies that tar-
geted a series of proteins for 1.5 h. Subsequently, the mem-
branes were incubated with secondary antibodies at room
temperature for 1 h. Signals were then detected.

CCK-8 assay

Cells were plated into the 96-well plates with a density of
1000 cells and subsequently maintained for 48 h upon the
indicated treatment. Cells were then treated with CCK-8 for
4 h and the OD value was measured at 490 nm wavelength.

Edu and TUNEL assay

Cells were plated into the 24-well plates with a density of
10,000 cells and subsequently maintained for 48 h upon the
indicated treatment. Cells were then treated with the Edu
(abcam) or TUNEL kit (abcam). Then Immunofluorescence
assays were performed to detect Edu-positive or TUNEL-
positive cells.

Scratch wound assay

Cells transfected with indicated plasmids were grown to con-
fluency. Then scratches were made with a 20 pL pipette tip,
followed by washing with PBS buffer. Subsequently, culture
medium was added to induce wound closure. Images were
taken to analyze cell migration ability.

Transwell assays

Cells transfected with indicated plasmids were plated into
the upper chamber of Transwell chambers in serum-free
culture medium. Then complete culture medium containing
10% FBS was added into the bottom chambers to stimulate
cell migration. After maintaining for 24 h, cells in the upper
chamber were removed, and the migration cells were fixed,
stained with 0.1% crystal violet and quantified.

Immunofluorescence

Cells were washed by PBS buffer, fixed and permeabilized
with PBST (0.1% Triton X-100 in PBS). After blocking in
2% BSA in PBST for 30 min, cells were incubated with the
antibodies at room temperature. Cells were rinsed with PBS,
followed by Alexa 488 or Alexa 555-conjugated secondary

antibodies (Abcam). After being counterstained with DAPI,
all the images were captured using a fluorescence micro-
scope (Carl-Zeiss).

Tumor growth in vivo assay

The operations in animal assays were all approved by the
Institutional Animal Care and Use Committee (IACUC) of
Fujian Medical University Union Hospital. The BALB/c
nude mice (18-22 g, male, 8 weeks old) were purchased
from Beijing Vital River Company. All mice in this study
were fed with enough food and water, and kept at a SPF
level. 12 nude mice were used in this study (6 for each
group). To measure tumor growth capacity in vivo, PC-3
cells were stably transfected with S100A14 overexpres-
sion plasmids and injected into the right flank of male nude
mice. The volume of tumors was measured every 5 days and
calculated. After 30 days, the tumor growth curves were
calculated and the tumor weight and volume was compared
between different groups.

Statistics

GraphPad 6.0 was used for statistical analysis. Data were
represented as mean + SD. Student’s ¢ test was used for the
comparisons, and p <0.05 was considered as significant.
* or # indicates p <0.05, **or ## p <0.01 and ***or ###
p <0.001, respectively.

Results

S100A14 was low expression in human prostate
cancer tissues and cell lines.

To clarify the possible role of SI00A14 in the progression
of prostate cancer, we first detect its expression levels in
prostate cancer tissues and normal tissues according to the
TCGA database. Importantly, we found the expression of
S100A14 in 492 tumor tissues was obviously lower than that
in 152 normal tissues (Fig. 1a). In addition, it was shown
that the transcript per million of SI00A14 in 497 primary
tumor tissues was lower than 52 normal tissues (Fig. 1b).
Through quantitative PCR assays, we detected the mRNA
levels of SI00A14 in prostate cancer tissues and normal
tissues collected in the hospital, and found low expression
of S100A14 in human prostate cancer tissues, compared to
normal tissues (Fig. 1¢). Similarly, we found the protein lev-
els of SIO0A14 in 4 representative prostate cancer tissues
were significantly low, compared to the 4 paired normal tis-
sues, through Immunoblot assays (Fig. 1d). Performing IHC
assays, we also noticed the low expression of SI00A14 in
prostate cancer tissues, compared to normal tissues (Fig. 1e).
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Fig.1 S100A14 was less expressed in human prostate cancer tis-
sues and cell lines. a TCGA database showed the mRNA levels of
S100A14 in 492 prostate cancer tissues and 152 normal tissues. b
TCGA database showed the transcript per million of SI00A14 in 497
primary tumor tissues and 52 normal tissues. ¢ JPCR assays showed
the mRNA levels of SI00A14 in prostate cancer tissues and adjacent
tissues from our hospital. d Immunoblot assays showed the expres-

We further detected the expression of S100A14 in human
prostate cancer cell lines DU-145, PC-3, VCaP, and LNCaP,
and normal prostate cell line RWPE-1. Through Immuno-
blot assays, we noticed the low expression of SI00A14 in
prostate cancer cell lines, compared to that in normal cell
line (Fig. 1f). Collectively, we thought S100A14 was low
expression in human prostate cancer tissues and cell lines.

S100A14 mediates prostate cancer cell proliferation
and apoptosis

To further confirm the effects of SI00A14 on the progres-
sion of prostate cancer, we then performed series of in vitro
assays. Two prostate cancer cell lines, PC-3 and LNCaP,
were used as cell model of prostate cancer. The overex-
pression plasmid, pcDNA3.1-S100A 14, and two types of
shRNA plasmids, sh1-S100A14 and sh2-S100A 14, were
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sion of SI00A14 in 8 prostate cancer primary tissues and adjacent
tissues. € IHC assays showed the expression of S1I00A14 in 3 rep-
resentative prostate cancer primary tissues and adjacent tissues (100
and 200 magnification, respectively). f Immunoblot assays showed
the expression of SI00A14 in RWPE-1, DU145, PC-3, VCaP, and
LNCaP cells. All experiments were repeated three times. Data are
presented as mean +SD

transfected into PC-3 and LNCaP respectively, to change
the expression of SI00A14 in prostate cancer cells. Through
Immunoblot assays, we confirmed the increased expression
of S100A 14 after the transfection of pcDNA3.1-S100A 14 in
PC-3 and LNCaP cell, respectively (Fig. 2a). Additionally,
the transfection of sh1-S100A 14 and sh2-S100A 14 in PC-3
and LNCaP cells successfully decreased the expression of
S100A14 (Fig. 2a).

Performing CCK-8 assays, we found the overexpres-
sion of S100A14 dramatically decreased the OD value at
490 nm wavelength in PC-3 and LNCaP cells, whereas
its depletion obviously increased OD value, suggesting
S100A14 suppressed the proliferation of prostate cancer
cells (Fig. 2b). Similarly, colony formation assays also
confirmed that SI00A14 overexpression suppressed the
colony formation of PC-3 and LNCaP cells, reversely, its
depletion increase colony number remarkably (Fig. 2c).
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Fig.2 S100A14 mediates prostate cancer cell proliferation and apop-
tosis. a Immunoblot showed the expression of S100A14 in PC-3
and LNCaP cells transfected with the indicated plasmids. b CCK-8
assays showed the proliferation capacity PC-3 and LNCaP cells
transfected with the indicated plasmids. ¢ Colony formation assays
were performed and showed the colony number of PC-3 and LNCaP
cells transfected with the indicated plasmids. d Edu assays showed

Furthermore, performing Edu proliferation assays, we
noticed the decrease percentage of Edu-positive PC-3
and LNCaP cells after SI00A 14 overexpression, whereas
knockdown of S100A 14 increased Edu-positive cell num-
ber (Fig. 2d). These results confirmed S100A14 sup-
pressed the proliferation of prostate cancer cells.

We then detected the effects of SIO0A14 on the
apoptosis of prostate cancer cells through TUNEL
assays. We found that SI0O0A14 overexpression stimu-
lated the apoptosis of PC-3 and LNCaP cells, with the
decrease of TUNEL-positive cell number, and the abla-
tion of S100A 14 inhibited prostate cancer cell apoptosis
(Fig. 2e). Therefore, we thought S100A 14 could mediate
prostate cancer cell proliferation and apoptosis.

the percentage of Edu-positive PC-3 and LNCaP cells transfected
with the indicated plasmids. e TUNEL assays showed the apopto-
sis degree of PC-3 and LNCaP cells transfected with the indicated
plasmids. Data are presented as mean+SD, pcDNA3.1-S100A14 vs
pcDNA3.1,#p <0.05, **p<0.01, sh-S100A14 vs sh-NC, #»<0.05,
#1 <0.01. NC negative control. All experiments were repeated three
times

S100A14 restrained the motility and EMT
of prostate cancer cells

Previous data suggest that SI00A14 might suppress the
progression of prostate cancer via mediating cell prolifera-
tion and apoptosis, and we then investigated the effects of
S100A14 on the motility and EMT of prostate cancer cells.

Through wound closure assay, we found SI00A14 over-
expression suppressed the migration of PC-3 and LNCaP
cells, and its ablation promoted cell migration (Fig. 3a). In
addition, performing transwell assays, we also found the
inhibition of cell invasion caused by S100A 14 overexpres-
sion, whereas its depletion promoted the invasion of PC-3
and LNCaP cells (Fig. 3b). In addition, we further found
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Fig.3 S100A14 restrained the motility and EMT of prostate can-
cer cells. a Wound closure assays showed the wound healing capac-
ity PC-3 and LNCaP cells transfected with the indicated plasmids. b
Transwell assays showed the invasion capacity PC-3 and LNCaP cells
transfected with the indicated plasmids. ¢ Immunofluorescence assays

S100A 14 overexpression suppressed the EMT process of
PC-3 and LNCaP cells, reversely, its depletion promoted
the EMT of prostate cancer cells (Fig. 3c). Therefore, we
thought S100A 14 restrained the motility and EMT of pros-
tate cancer cells.

S100A14 promotes FAT1 expression and activates
the Hippo pathway

Since the previous study showed S100A14 affected cancer
progression via promoting FAT1 expression [15]. We then
investigated whether S100A14 suppressed prostate can-
cer progression via activating FAT1 expression. We first
detected the expression of FAT1 in tumor tissues and normal
tissues through gPCR assays and found the obvious decrease
of FAT1 mRNA levels in tumor tissues compared to normal
tissues (Fig. 4a). The results of IHC assays also confirmed
the decrease of FAT1 protein expression in tumor tissues
(Fig. 4b).
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Then we investigated the correlation between the
mRNA levels of SI00A14 and FAT1 in prostate cancer tis-
sues. Interestingly, we found SI00A 14 mRNA levels were
positively correlated with FAT1 mRNA levels (p <0.001),
suggesting the correlation between S100A14 and FAT1 in
prostate cancer progression (Fig. 4c¢).

It was reported that FAT1 affected cancer progression
via activating the Hippo pathway [15]. Subsequently,
we detected the effects of SI00A14 on FATI-mediated
Hippo pathway in prostate cancer cells through Immuno-
blot assays. We noticed the increase of FAT1 expression
in prostate cancer cells after SI00A14 overexpression,
whereas its depletion decreased FAT1 expression (Fig. 4d).
Furthermore, the phosphorylation levels of LATS1, MST1,
and YAP1 were obviously increased after SI00A 14 over-
expression and dramatically decreased after SI00A14
depletion (Fig. 4d). This result suggested that S100A14
activated FAT1 expression and LATS1-MST1-YAP1 axis
in prostate cancer cells.
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Fig.4 S100A14 promotes FAT1 expression and activates the Hippo
pathway. a. qPCR assays showed the mRNA levels of FAT1 in pros-
tate cancer tissues and adjacent tissues from our hospital. b. IHC
assays showed the expression of FAT1 in 3 representative prostate
cancer primary tissues and adjacent tissues (100 and 200 magnifi-
cation, respectively). ¢ The correlation analysis between the mRNA
levels of FAT1 and S100A14 in prostate cancer tissues. d Immuno-
blot showed the expression of indicated proteins in PC-3 and LNCaP
cells transfected with the plasmids of control, SI00A14, and shRNA
plasmids of control and SI00A14. Data are presented as mean +SD,

Furthermore, we detected the effects of FAT1 deple-
tion on the Hippo pathway of prostate cancer cells after
S100A14 overexpression. Through Immunoblot assays, we
found S100A 14 overexpression increased FAT1 expres-
sion and activated LATS1-MST1-YAPI1 axis, whereas the
depletion of FAT1 by two shRNAs, sh1-FAT1 and sh2-
FAT1, decreased the phosphorylation levels of LATSI,
MSTI1, and YAP1 caused by S100A14 overexpression
(Fig. 4e). Therefore, we thought S100A 14 promoted FAT1
expression and activated Hippo pathway.
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trol. e Immunoblot showed the expression of indicated proteins in
PC-3 and LNCaP cells transfected with the plasmids of control,
S100A14, and two types of FAT shRNA plasmids. Data are pre-
sented as mean + SEM, pcDNA3.1-S100A14 vs pcDNA3.1,*p <0.05,
##p<0.01, S100A14+sh-FAT1 vs S100A14+sh-NC, *p<0.05,
#p<0.01, #¥p <0.001. NC negative control. All experiments were
repeated three times. Data are presented as mean + SD

The depletion of FAT1 reversed the suppression
of cell proliferation and EMT caused by S100A14
overexpression in prostate cancer cells

Subsequently, we detected the effects of FAT1 on pros-
tate cancer cell growth and EMT processes. We noticed
S100A 14 overexpression suppressed PC-3 cell prolifera-
tion, through CCK-8 and Edu assays (Fig. 5a, b). Whereas
the depletion of FAT1 rescued the suppression of PC-3 cell
proliferation caused by S100A 14 overexpression (Fig. Sa,
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Fig.5 The depletion of FAT1 reversed the suppression of cell pro-
liferation and EMT caused by S100A14 overexpression in prostate
cancer cells. a CCK-8 assays showed the proliferation capacity PC-3
cells transfected with the indicated plasmids. b Edu assays showed
the percentage of Edu-positive PC-3 cells transfected with the indi-
cated plasmids. ¢ TUNEL assays showed the apoptosis degree of
PC-3 cells transfected with the indicated plasmids. d Wound closure
assays showed the wound healing capacity PC-3 cells transfected
with the indicated plasmids. e Transwell assays showed the inva-

b). Through TUNEL assays, we found S100A 14 overexpres-
sion stimulated cell apoptosis, and the knockdown of FAT1
reversed the stimulation of cell apoptosis (Fig. 5c¢).
Additionally, through wound closure and transwell
assays, we found S100A14 overexpression suppressed
PC-3 cell migration and invasion, and FAT1 depletion pro-
moted migration and invasion of prostate cancer cells after
S100A14 overexpression (Fig. 5d, e). We then performed
Immunoblot assays, and found the decrease of PCNA, Bcl-
2, and N-cadherin expression, and the increase of p21, Bax,
and E-cadherin expression in PC-3 cells after SI00A14
overexpression (Fig. 5f). However, FAT1 depletion obvi-
ously rescued the alteration of expression of these proteins
caused by S100A 14 overexpression (Fig. 5f). We, therefore,
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sion capacity PC-3 cells transfected with the indicated plasmids. f
Immunoblot assays showed the expression of the indicated proteins
in PC-3 cells transfected with the plasmids of control and S100A14,
and two types of FAT sh-RNA plasmids. Data are presented as
mean + SD, pcDNA3.1-S100A 14 vs pcDNA3.1,*p <0.05, **p <0.01,
#+%p 20,001, sh-S100A14 vs sh-NC, ¥p<0.05, *™p<0.01,
##p <0.001. NC negative control. All experiments were repeated
three times

thought the depletion of FAT1 reversed the suppression of
cell proliferation and EMT caused by S100A 14 overexpres-
sion in prostate cancer cells.

S100A14 suppressed tumor growth of prostate
cancer cells through FAT1-mediated Hippo pathway

We then detected the effects of SI00A14 on tumor growth
of prostate cancer cells in vivo. We constructed the stably
S100A14 overexpressed PC-3 cells, and then a total of 10°
PC-3 cells were injected subcutaneously into the abdomen of
nude mice (n =6 for each group). After 5 days, tumor began
formation. The tumor volume every 5 days and until 30 days
was measured. Interestingly, SI00A14 overexpression
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obviously suppressed tumor growth of prostate cancer cells
(Fig. 6a). Additionally, the tumor weight was decreased sig-
nificantly in S100A 14 overexpression groups (Fig. 6a).
Performing IHC assays, we found the expression lev-
els of SI00A14 and FAT1 were obviously increased in
S100A 14 overexpression tumor tissues (Fig. 6b). Moreo-
ver, the phosphorylation levels of YAP1 were increased in
S100A14 overexpression tumor tissues, consistent with the
previous data (Fig. 6b). We further found Ki67 was down-
regulated whereas E-cadherin expression was increased

after SI00A 14 overexpression in tumor tissues (Fig. 6b),
suggesting the inhibition of tumor growth and EMT pro-
cess. Additionally, through HE staining assays, we found
S100A 14 overexpression in tumor tissues suppressed the
tumor growth (Fig. 6¢). Similarly, through Immunoblot
assays, we found the increased expression of S100A14,
p-YAPI1, FAT1, and E-cadherin, and decrease expression
of Ki67 in tumor tissues from the SI00A14 overexpres-
sion group (Fig. 6d). Therefore, we thought S100A14
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Fig.6 S100A14 suppressed tumor growth of prostate cancer cells
through FAT1-mediated Hippo pathway. a The control (NC),
S100A14 overexpression plasmids stably transfected PC-3 cells
were injected subcutaneously into the abdomen of nude mice (n=6
for each group) to induce tumor growth. The tumor growth curves
were conducted according to the measure of tumor volume every
5 days, and the tumor weight was measured. b IHC assays showed the

p-YAP1

E-cadherin

expression of the indicated proteins in control or S100A14 overex-
pression tumor tissues. ¢ HE staining showed the tumor tissues from
control or S1I00A14 overexpression groups. d Immunoblot assays
showed the expression of the indicated proteins tumor tissues from
control or S100A14 overexpression groups. Data are presented as
mean+ SD. ***p <0.001. All experiments were repeated three times
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suppressed tumor growth of prostate cancer cells through
FATI1-mediated Hippo pathway.

Discussion

Prostate cancer is often asymptomatic in its early stage,
while advanced prostate cancer has a poor prognosis [16].
Conventional treatments, such as radioactive particle
implantation, radical prostatectomy, radiotherapy, and chem-
otherapy, have limited effect on the treatment of advanced
prostate cancer [17]. Although endocrine therapy, immu-
notherapy and targeted therapy have great potential in the
treatment of advanced prostate cancer, there are few suc-
cessful drug options for clinical use [18]. To improve the
survival rate of patients, further elucidation of the pathogen-
esis of prostate cancer, identification of key tumor suppres-
sor genes, and development of effective therapeutic targets
are needed [19]. In this study, we noticed the low S100A 14
expression in human prostate cancer tissues and cell lines.
Our data further confirmed the suppression of prostate can-
cer cell proliferation, motility, and EMT process, and the
stimulation of apoptosis by S100A14. We, therefore, thought
S100A 14 could act as a tumor suppressor protein of prostate
cancer.

In the previous studies, the role of SIO0A14 in the
progression of multiple types of tumors has been widely
revealed [12, 20]. SI00A 14 inhibited the metastasis of naso-
pharyngeal carcinoma by the suppression of NF-kB pathway
through degradation of IRAK1 [20]. As a comparison, we
noticed S100A 14 suppressed the progression of prostate
cancer through FAT1-mediated Hippo pathway. Whereas
in breast cancer, S100A14-CCL2/CXCLS5 promoted the
metastasis of tumor [9]. The loss of ST00A 14 at the tumor-
invading front also correlated with a worse prognosis in oral
squamous cell carcinoma and colorectal cancer [21, 22]. Pre-
vious studies also concluded that SI00A 14 was function-
ally linked with series of tumor regulatory molecules such
as p21, p53, MMPs and RAGE [23]. Our study confirmed
that FAT1-mediated Hippo signaling pathway is involved in
the regulation of S100A 14 in prostate cancer. The findings,
therefore, enriched the understanding of the role of SI00A 14
in cancer progression.

In this study, we also investigated the effects of the
Hippo pathway in the progression of prostate cancer. This
pathway is widely involved in the regulation of cancer pro-
gression in different types of cancers [24, 25]. The critical
members of the Hippo pathway, such as YAP1, LATS1, and
MST1, could all affect the cancer progression and metasta-
sis [25]. The alteration of phosphorylation levels of these
proteins affected multiple types of tumors [25]. ACTNI1
promoted tumor growth by inhibiting the Hippo pathway
in hepatocellular carcinoma [26]. YAP could manipulate

@ Springer

proliferation in lung adenocarcinomas [27]. We also con-
firmed S100A 14 suppressed prostate cancer progression via
the LATS1-MST1-YAP1 axis, suggesting that the Hippo
pathway could serve as a potential molecular target for pros-
tate cancer treatment.

As a transmembrane protein, FAT1 is involved in the
regulation of intercellular adhesion, cell growth, migration,
actin dynamics and orientation, and plays an important role
in tumorigenesis and development [28]. FAT1 mutations
lead to abnormal activation of the Wnt/B-catenin pathway in
different tumors [29]. FAT1 loss promotes the occurrence of
tumors through the Hippo pathway. In esophageal squamous
cell carcinoma, FAT1 promotes epithelial-mesenchymal
transformation (EMT) through the MAPK/ERK signaling
pathway [30]. We, therefore, speculate that SI00A14 may
influence the progression of prostate cancer through FAT1.
The experimental results also showed that SI00A 14 mainly
affected the progression of prostate cancer through FAT1-
mediated Hippo pathway.

In conclusion, we noticed the low expression of SI00A14
in human prostate cancer tissues and cell lines. SI00A14
suppressed cell proliferation, motility, EMT, and pro-
moted apoptosis of prostate cancer cells. We further found
S100A14 promoted the expression of FAT1 and activated
FAT1-mediated Hippo pathway, and therefore suppressed
prostate cancer progression. Our data, therefore, confirmed
S100A 14 could act as a tumor suppressor protein of prostate
cancer.
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