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Background: Chemokine (C-X-C motif) ligands (CXCLs) are important regulators of
tumor progression in many cancers and could serve as potential cancer biomarkers.
However, the expression patterns as well as functions of CXCLs remain unclear in penile
cancer (PC). The aim of this study was to evaluate the usefulness of serum CXCLI13 as
a potential cancer biomarker for PC.

Patients and Methods: This retrospective study enrolled 76 patients diagnosed with PC
between 2016 and 2018. Serum CXCL13 level was detected by enzyme-linked immunosor-
bent assay. Univariable and multivariable Cox regression analyses were conducted to identify
the prognostic factors that influence disease-free survival. Human penile cancer cell lines
Penll, Penl2, 149RCa and LM 156 were used as in vitro models. The expression of CXCL13
protein in PC cell lines was analyzed by Western blotting.

Results: Our initial analysis on GSE57955 dataset identified CXCL13 as a top CXCL gene
enriched in PC. Higher preoperative serum CXCL13 level was detected in PC cohorts than in
healthy male controls (P<0.001). The area under the curve was 0.911 with the sensitivity of
84.2% and specificity of 87.0% to distinguish PC. Preoperative serum CXCL13 level was
associated with pathological grade (P=0.048), T stage (P=0.009), nodal status (P<0.001) and
pelvic lymph node metastasis (P=0.005) in PC. Serum CXCL13 level could serve as an
independent prognostic factor for disease-free survival with a HR of 3.818 (95%CI: 1.126—
12.946). Furthermore, autocrine expression of CXCL13 was detected in PC tissues and cell
lines. Knockdown of CXCL13 expression suppressed malignant phenotypes (cell prolifera-
tion, clonogenesis, apoptosis escape, migration and invasion), attenuated STAT3 and ERK1/2
signaling and reduced MMP2/9 secretion in PC cell lines.

Conclusion: Serum CXCL13 could serve as a novel diagnostic and prognostic biomarker
for PC. CXCL13 signaling might activate oncogenic signaling pathways to promote malig-
nant progression of PC.
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Introduction

Penile cancer (PC) is a rare cancer in developed countries (0.5 to 1.6 per 100,000
men), despite its much higher incidence in some regions of South America, Asia, and
Africa." Clinical outcomes of penile cancer are reported to be associated with histo-
logical subtype, pathological grade and TNM stage, with the presence of nodal
metastasis being the most important prognostic factor for patient survival.> Despite
recent progress in multimodal therapies, the clinical outcome of PC still remains
unsatisfactory, as the survival of PC patients has not improved during the last two
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decades.” Serum cancer biomarkers have been a promising
noninvasive tool for cancer diagnosis and treatment.’
However, there is still a lack of serum biomarkers for penile
cancer. Although serum cancer biomarkers including CEA,
AFP, CA125, CA19-9, and CA15-3 have been very useful to
assist cancer diagnosis and disease monitoring in many
cancers,‘F6 the usefulness of such markers in PC remains
to be demonstrated. Despite squamous cell carcinoma anti-
gen (SCCa) level correlated with PC tumor burden, it could
not predict the clinical outcome.”

Chemokines belong to a group of proinflammatory
cytokines that recruit various immune cells to diverse
tissues in response to pathogen-related infection.®
C-X-C motif chemokine ligands (CXCLs) is originally
identified as important chemokines secreted by immune
cells (monocytes, T lymphocytes, etc).® Until now, 16
CXCLs have been identified (CXCL1, CXCL2, CXCL3,
PF4, CXCL5, CXCL6, PPBP, CXCL8, CXCLY,
CXCL10, CXCL11, CXCL12, CXCL13, CXCL14,
CXCL16 and CXCL17). The connection between
CXCLs and cancer has been unveiled in recent studies.
The dysregulated expression of CXCLs as well as their
relationship with clinicopathological characteristics and
clinical outcomes is documented in many cancers.'®'¢
Some CXCLs including CXCL1, CXCLS5, CXCLS,
CXCL10, and CXCL13 are considered potential onco-
genes and potential cancer biomarkers.' CXCL1 is
overexpressed in breast, bladder, gastric, and lung
cancer;'! CXCLS5 is overexpressed in breast, colorectal,
pancreatic, and hepatocellular cancer.'> CXCL8 were
upregulated markedly in gastric, pancreatic, bladder,
and colorectal cancer.'> Nevertheless, increased
CXCL10 expression is associated with malignant pro-
gression of melanoma, colorectal, and bladder cancer.'?
Recently, CXCL9 and CXCL13 are reported to be asso-
ciated with renal, breast and oral cancer.'>'® However,
the expression patterns as well as functions of CXCLs
remain unclear in penile cancer. Herein, we aimed to
examine the expression of CXCLs in PC, and assess the
usefulness of serum CXCL13 as a potential cancer bio-

marker for PC.

Patients and Methods

Patient Characteristics

This study was conducted in accordance with the
Declaration of Helsinki. The patients (n=76) included in
this retrospective study were performed surgery and

diagnosed with PC (2016-2018) at Xiangya Hospital,
Central South University. Patients with prior chemother-
apy or brachytherapy history were excluded. Blood sam-
ples were collected one day prior to surgery (preoperative)
or at day 28 after surgery (postoperative). Serum samples
were separated and stored at —80°C for later analysis.
Serum samples of healthy male donors (n=46) were
obtained from Health Examination Center (Xiangya hos-
pital, Central South University). These healthy healthy
male donors (median age: 53, range: 39—86) could match
the age of the PC cohort (median age: 52, range: 40-75).
This
Committee of Xiangya Hospital Central South University
(Rev. No. 201,805,847). Written informed consent was
obtained from the patients and participants. The clinical

study was approved by the Research Ethics

parameters of PC patients included age, stage, nodal sta-
tus/distant metastasis, histological subtype, pathological
grade, and body mass index (BMI) as well as phimosis,
etc. TNM staging was assigned with reference to the
American Joint Committee on Cancer, 8th edition.!” All
patients were prescribed a follow-up regimen based on the
National Comprehensive Cancer Network guidelines, with
a physical examination every six months. Cancer and vital
status were recorded by clinical follow-up at our
department.

Reagents and Cell Lines

Primary antibodies against CXCL13 and B-actin were
obtained from Abcam (Cambridge, MA, USA); Primary
antibodies against p-STAT3 (Tyr705), STAT3, p-ERK1/2
(Thr202/Tyr204), ERK1/2, p-AKT (Ser473) and AKT
were obtained from Cell Signaling Technology (Beverly,
MA, USA). Human penile cancer cell lines Penll, Penl2,
149RCa and LM156 were kindly provided by Prof. Hui
Han (Department of Urology, Sun Yat-sen University
Cancer Center).'® These cell lines was routinely grown
in DMEM supplemented with 10% FBS as described
previously.'® The use of the cell lines was approved by
the Research Ethics Committee of Xiangya Hospital
Central South University.

Real-time PCR

Fresh PC and matched adjacent penile tissues (AT) (n=23)
were obtained from Department of Urology, Xiangya
Hospital Central South University with informed consent.
The mRNA level of CXCL13 in PC and AT was analyzed
using real-time PCR as described previously.' Briefly,
total RNA was extracted from tissues using TRIzol reagent
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and further purified using the Qiagen RNeasy kit
(Germantown, MD, USA). Total RNA (1 pg) was used
to generate cDNA, which was then used for the quantita-
tive PCR using Invitrogen SYBRGreen PCR assays
(Carlsbad, CA, USA). Relative gene expression was deter-
mined based on the threshold cycles (Ct values) of the
CXCLI13 and of the internal reference gene -Actin. PCR
Primers for CXCL13 and B-Actin are listed as follows:

CXCL13:

Forward: 5" GCTTGAGGTGTAGATGTGTCC 3’

Reverse: 5" CCCACGGGGCAAGATTTGAA 3’

B-Actin:

Forward: 5" CATGTACGTTGCTATCCAGGC 3’

Reverse: 5" CTCCTTAATGTCACGCACGAT 3’

The relative gene expression (RE) was calculated as
the fold change relative to internal reference, which was
based on the following equation:

RE =2 AACt

AACt = (meanCtpc — meanCtieference) — (meanCtar

Enzyme-linked Immunosorbent Assay

(ELISA)

The serum CXCL13 level of the aforementioned PC
patients (n=76) and healthy male subjects (n=46) was
measured using Abcam CXCL13 ELISA kit (Cambridge,
MA, USA). The secretion of CXCL13, MMP2 and MMP9
into the supernatants of cell cultures was also determined
by ELISA.

Immunohistochemistry (IHC)

Archival paraffin-embedded normal penile tissues (n=36)
and PC tissues (n=40) were collected for IHC staining.
These patients were performed surgery and diagnosed with
PC (2017-2018) in Xiangya hospital, Central South
University. IHC for CXCL13 were conducted as described
previously.'*~® Antigen-antibody reactions (CXCL13 anti-
body dilution, 1:100) were visualized by exposure to
3.3-diaminobenzidine and hydrogen peroxide chromogen
substrate (DAKO, Denmark). The expression of CXCL13

— meanCtyeference)- in PC cases was classified as high expression (>30% of PC
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Figure | (A) Relative mRNA expression of CXCLs in PC with reference to normal glans pool (NG) in GSE57955 dataset. (B) Waterfall plot of CXCLI3 mRNA expression
in PC with reference to normal glans pool (NG) in GSE57955 dataset (n=39). (C) Real-time PCR analysis on CXCLI3 expression in PC and matched adjacent tissues (AT)
(n=23). (D) The association between CXCLI3 expression and HPV status in GSE57955 dataset.
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Table | Clinicopathologic Characteristics of PC Patient Cohort

Parameters Cases (%)
Age (years)

>52 37 (48.7)

<52 39 (51.3)
Body mass index (kg/m?)

<24 53 (69.7)

224 23 (30.3)
Phimosis

Yes 60 (78.9)

No 16 (21.1)
Penile surgery

Penile preservation 19 (25.0)

Partial penectomy 52 (68.4)

Radical penectomy 5 (6.6)
Pathological grade

Gl 50 (65.8)

G2 22 (28.9)

G3 4 (5.3)
Histological subtype

Usual 48 (63.2)

Papillary 6 (7.8)

Warty 12 (15.8)

Verrucous 10 (13.2)
T stage

TI 42 (55.3)

T2 30 (39.5)

T3 4(5.2)
Nodal status

Negative 45 (59.2)

Positive 31 (40.8)
Pelvic LNM

MO 71 (93.4)

MI 5 (6.6)
Inguinal lymphadenectomy

No 46 (60.5)

Yes 30 (39.5)

cells showed immunopositivity) or low expression (<30%
of PC cells showed immunopositivity).

Western Blotting

Whole cell lysates were prepared with radio immunoprecipita-
tion assay (RIPA) lysis buffer. The experimental procedure of
Western blotting was conducted as described previously.”' =
Protein blots were visualized using the Abcam enhanced

chemiluminescence system (Cambridge, MA, USA).

GEO Dataset
GEO dataset GSE57955 could be downloaded from NCBI
GEO website (https://www.ncbi.nlm.nih.gov/geo/query/

acc.cgi?acc=GSES57955). Gene expression data were ana-

lyzed as described previously.”* Genes with a mean log,
signal ratio (penile cancer/normal glans pool) of >1.0
and <—1.0 within a 99%CI were considered differentially

expressed.

Statistical Analysis

Statistical analyses were carried out using SPSS 16.0 soft-
ware. The level of serum CXCLI13 of two groups was
compared by Mann—Whitney tests. The pre- and post-
serum CXCL13
Wilcoxon matched pairs test. The optimal cut-off value

operative level was compared by
of serum CXCL13 was determined based on receiver-
operating characteristic (ROC) analysis. Kaplan—Meier
curves of disease-free survival were plotted and survival
in the groups was compared by log rank test. The prog-
nostic factors that influence disease-free survival were
identified by univariable and multivariable Cox regression

analysis. P<0.05 was considered statistically significant.

Results
CXCLI3 Was Highly Expressed in PC

Tissues

The mRNA expression of CXCLs in PC (n=39) was ana-
lyzed in public GEO dataset GSE57955. As shown in
Figure 1A, CXCL1, CXCLS5, CXCL8, CXCL9, CXCL10,
CXCLI11, CXCL13 and CXCL16 were highly expressed in
PC with reference to normal glans pool (NG) (Mean Log,
(PC/NG) >1); while CXCL12 was low in PC (Mean Log,
(PC/NG) <1). CXCL13 was the top CXCL highly enriched
in PC (Mean Log,(PC/NG)=3.77). More than 70% of PC
cases (28/39) exhibited high level of CXCL13 expression
(Log, (PC/NG) >1), Figure 1B). We also examined the
mRNA level of CXCL13 in 23 pairs of fresh PC tissues
and adjacent nontumor tissues (AT) using real-time PCR.
The result showed that the mRNA level of CXCL13 was
considerably higher in PC tissues than in matched adjacent
nontumor tissues (P<0.001, Figure 1C). We did not
observe the association between human papilloma virus
(HPV) infection and CXCL13 expression in GSE57955
dataset, as CXCLI13 expression in HPV™ cases did not
significantly differ from those HPV' cases (Figure 1D,
P=0.210).
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Figure 2 (A) Serum CXCLI3 level in preoperative PC cohort (n=76) and healthy male control (n=46). (B) ROC curve analysis on the diagnostic value of serum CXCLI3
level in PC patients. (C) Serum CXCLI3 level in the matched preoperative/postoperative PC cohort (n=18).

Preoperative Serum CXCLI3 Level was
Significantly Elevated in PC Patients

A total of 76 men diagnosed with PC were enrolled in
this study. Detailed summary of patient and tumor char-
acteristics including treatment plan, TNM stage, histolo-
gical subtype and pathological grade was shown in Table
1. Serum CXCLI13 level was measured in healthy male
control and PC patients. Preoperative serum CXCL13
level was significantly higher in PC cohort (98.5 = 71.9
pg/mL) than that in healthy male control (20.6 + 14.9 pg/
mL) (P < 0.001. Figure 2A). The area under the curve
(AUC) was 0.911 with the sensitivity of 84.2%, and
specificity of 87.0% to distinguish penile cancer (Cutoff
=36.3 pg/mL, Figure 2B). Moreover, Serum CXCL13
level was significantly decreased after surgery (P <
0.001, Figure 2C).

Preoperative Serum CXCLI3 Level was
Associated with Tumor Progression and

Unfavorable Clinical Outcome

The association between preoperative serum CXCL13 level
and clinicopathological parameters (age, body mass index,
pathological grade, phimosis, histological subtype, TNM
stage) was analyzed. As shown in Figure 3, preoperative
serum CXCL13 level was significantly associated with clin-
icopathological parameters including pathological grade
(P=0.048), T stage (P=0.009), nodal status (P<0.001), and

index (P=0.137), phimosis (P=0.499), and age (P=0.751).
ROC analysis showed that serum CXCLI13 level had
a sensitivity of 83.3% and a specificity of 79.3% with
reference to cancer recurrence (cutoff value: 107 pg/mL,
AUC=0.857, Figure 4A). Survival analysis showed that PC
patients with high serum CXCLI13 level (>107 pg/mL)
exhibited unfavorable disease-free survival (P<0.001)
(Figure 4B).

Univariable Cox regression analysis showed that nodal
status (P<0.001), Pelvic LNM (P<0.001), and higher pre-
operative serum CXCL13 level (P<0.001) were associated
with shorter disease-free survival in our PC cohort (Table
2). Meanwhile, multivariable Cox regression analysis indi-
cated that nodal status (P=0.021), pelvic LNM (P=0.005),
and higher preoperative serum CXCL13 level (P=0.031)
could serve as independent prognostic factors for unfavor-

able disease-free survival (Table 2).

Expression of CXCLI13 in PC Tissues,

Cell Lines and Culture Supernatant

The expression of CXCL13 protein in normal penile tis-
sues (n=36) and PC tissues (n=40) was analyzed by IHC.
CXCL13 exhibited cytoplasmic staining in PC cells
(Figure 5A). Overall, 40% of PC cases (16/40) exhibited
high CXCL13 expression (immunopositivity >30%). The
expression of CXCL13 protein in PC (16/40) was much
higher than that in normal penile tissues (3/36) (P=0.0015;

pelvic lymph node metastasis (LNM) (P=0.005). Figure 5A). The expression of CXCL13 in PC tissues was
Preoperative serum CXCLI13 level was not significantly  significantly associated with T stage (P=0.025) and nodal
associated with histological subtype (P=0.265), body mass status (P=0.034) (Supplementary Table S1). The
OncoTargets and Therapy 2020:13 submit your manuscript 8761
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Figure 3 Association between preoperative serum CXCLI3 level and clinical parameters in the PC cohort. (A) Age, (B) Phimosis, (C) BMI index, (D) Pathological grade,

(E) Histological subtype, (F) T stage, (G) nodal status, (H) pelvic LNM.

expression of CXCL13 protein was also analyzed in nor-
mal penile tissues (NPT1, NPT2) and a panel of PC cell
lines (Penll, Penl2, 149Rca and LMI156). CXCL13
expression was low in normal penile tissues. In contrast,
high expression of CXCL13 was seen in PC cell line
Penlland LM156 (Figure 5B). Consistently, ELISA ana-
lysis showed that high CXCL13 level was detected in
culture supernatant from PC cell lines with high endogen-
ous CXCL13 expression (Figure 5C).

Knockdown of CXCLI3 Suppressed Cell
Proliferation, Clonogenesis, Migration

and Invasion in Penile Cancer Cell Lines

We further investigated the oncogenic function of
CXCL13 in PC cell line LM156 and Penl2. Endogenous
CXCLI13 expression in LM156 and Penl2 was consider-
ably reduced by shRNAs targeting CXCL13 (Figure 6A).
CCK-8 assay showed that knockdown of CXCL13
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markedly suppressed cell proliferation compared to the Scr
control in LM156 and Penl2 cells (P<0.05; Figure 6B).
However, caspase-3 activity was increased following
CXCL13 knockdown in Penll and LM156 cell lines
(P<0.05; Figure 6C). Colony formation in the shCXCL13
group was greatly attenuated compared to the Scr control
group in LM156 and Penl2 cells (P<0.05, Figure 6D).

Table 2 Cox Univariate and Multivariate Proportional Hazard
Model for Factors Affecting Disease-free Survival in PC Cases

Clinical Univariate | Multivariate Analysis
Parameters Analysis
P value HR (95%ClI) P value
Age
(=52 vs >52) 0.199
T stage
(T1 vs T2+4T3) 0.039 0.336
Pathological
grade
(Gl vs G2+G3) 0.078
Histological
subtype
(Usual vs Others) | 0.360
Nodal status
(Negative vs <0.001 4.896 (1.274-18.813) | 0.021
Positive)
Pelvic LNM
(No vs Yes) <0.001 5.181 (1.624-12.526) | 0.005
High serum
CXCLI3
(2107 pg/mL vs <0.001 3.818 (1.126—-12.946) | 0.031
<107 pg/mlL)

Moreover, wound healing assay showed that cell migration
was remarkably reduced in the shCXCL13 group com-
pared to the Scr control (P<0.05; Figure 7A). Further,
transwell invasion assay showed that depletion of
CXCL13 expression significantly inhibited the invasive-
ness of PC cells compared to the Scr control (P<0.05;

Figure 7B).

CXCLI3 Regulated Downstream STAT3
and ERK /2 Signaling Pathway and MMP2/

9 Secretion

The cancer-related signaling pathways such as PI3K/AKT,
ERK1/2 and STAT3 were analyzed using Western blotting.
As shown in Figure 8A, knockdown of CXCL13 greatly
attenuated p-STAT3 and p-ERK1/2 levels in Penll and
LM156 cells. Meanwhile, ELISA assay revealed that
depletion of CXCL13 reduced secretion of two invasion/
metastasis-related molecules MMP2 and MMP9, com-
pared with the Scr control (P<0.05) (Figure 8B). We
further evaluated the expression of CXCLI3 receptors
CXCRS5 in GSE57955 dataset. As shown in Figure 8C,
CXCRS expression was high in 51.3% (23/39) PC cases
(Log, (PC/NG) =1). High correlation of CXCL13:CXCRS5
expression was observed in GSE57955 dataset (Pearson
correlation 1=0.435, P=0.006, Figure 8D).

Discussion

The crosstalk between tumor cells and their microenvir-
onment is possibly mediated by a network of chemo-
kines. Enormous evidence suggests that chemokine
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CXCLs and their corresponding receptors CXCRs can
greatly affect cell proliferation, migration, invasion, and
metastasis in many cancers.”” Exploring the expression
and oncogenic function of CXCLs may help to identify
potential cancer biomarkers and therapeutic targets for
cancer treatment. However, the expression patterns as
well as functions of these CXCLs in PC still remain
largely unknown. To our knowledge, our study may be
the first to analyze the expression patterns of CXCLs in
PC. Our analysis on the GSE57955 dataset showed that
several CXCLs (CXCLI1, CXCL5, CXCL8, CXCL9,
CXCL11, and CXCL13) were remarkably upregulated
in penile cancer, suggesting these CXCLs might play

an important role in penile cancer. Further study would

be necessary to investigate the possible oncogenic func-
tion of these CXCLs in PC.

CXCL13, also known as B-Cell chemoattractant 1
(BCALl), could regulate the homing of B lymphocytes to
spleen and lymph nodes.”® Recently, the involvement of
CXCLI13 in cancer development has been reported.
Dysregulated CXCL13 expression is seen in gastric can-
cer, colorectal, breast, prostate, oral, lung, and hepatocel-
lular cancer.'® Based on the GSE57955 dataset analysis
and real-time PCR validation, we showed that CXCL13
was highly expressed in PC tissues compared to normal
penile tissues. Although HPV is an important contributing
factor for PC,?” our findings did not reveal the association
between CXCL13 expression and HPV status, suggesting
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Figure 6 (A) Western blotting analysis on CXCLI3 expression following shRNA-mediated knockdown in Penll and LMI156 cells. (B) Depletion of CXCLI3 expression
suppressed cell growth of PC cells. The cell viability in the Scr control was regards as 100%. (C) Depletion of CXCLI3 expression reduced clonogenesis of PC cells. The
colony formed inthe Scr control was regards as 100%. n=3, *P<0.05. (D) Knockdown of CXCLI3 induced caspase-3 activity in Penll and LMI56 cells. The caspase-3 activity

in the Scr control was regards as 100%. n=3, *P<0.05.

aberrant CXCL13 expression in PC might not be caused
by HPV infection.

The connection between serum CXCL13 and cancer
was also investigated in some cancers. Serum CXCL13
level is highly elevated in gastric cancer, hepatocellular
carcinoma, clear cell renal carcinoma, non-small-cell
lung cancer, breast cancer, and lymphoma. In gastric
cancer, serum CXCL13 concentrations were higher in
patients with lymph node metastasis and high-grade
disease.”® In breast cancer, CXCLI3 expression was
associated with higher grade, lymph node metastasis
and ER negative status.”’ In clear cell renal carcinoma,
CXCL13 could induce proliferation and migration in
cancer cells, and was identified as a prognostic marker
for cancer progression.>* CXCL13 was also shown to
have better clinical values of diagnosis and prognosis
than IL-31 in hepatocellular carcinoma.*' Our present
findings showed that PC patients exhibited markedly
higher preoperative serum CXCL13 level than healthy

male controls; preoperative serum CXCL13 exhibited

good sensitivity of 84.2%, and specificity of 87.0% to
distinguish PC. Traditional clinical manifestation (pain-
less lump or ulcer) could only be seen in 30~40% PC
cases.”? Therefore, serum CXCL13 might be superior to
the traditional clinical manifestation in diagnostic accu-
racy. We also observed that serum CXCL13 level was
significantly reduced in postoperative cases when com-
pared with matched preoperative PC cases, suggesting
serum CXCLI13 level might be caused by the tumor
burden in PC patients. Moreover, preoperative serum
CXCL13 level was significantly associated with clinico-
pathological characteristics including pathological grade,
higher T stage, nodal status, and pelvic LNM in PC. In
addition, our survival analysis showed that high preo-
perative serum CXCLI13 level was associated with
a shorter disease-free survival in our PC cohort.
Consistently, Cox regression analysis revealed that
high preoperative serum CXCL13 level could serve as
an independent prognostic factor for unfavorable dis-

ease-free survival. Therefore, serum CXCL13 might
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Figure 7 (A) Knockdown of CXCLI3 expression inhibited cell migration of PC cells. Bars: 100 pm. The cell migration in the Scr control was regards as 100%. n=3, *P<0.05.
(B) Knockdown of CXCLI3 expression inhibited transwell invasion of PC cells. Bars: 50 um. The cell invasion in the Scr control was regards as 100%. n=3, *P<0.05.

serve as a diagnostic and prognostic cancer biomarker
for PC. However, due to the limitation of our
retrospective study (single center, small cohort, rela-
tively short follow-up period, diversity of treatment,
etc), a large-scale prospective study would be necessary
to further validate the potential value of serum CXCL13
as a diagnostic and prognostic biomarker for PC.
Aberrant CXCL13 expression has been shown to
activate multiple oncogenic signaling pathways to pro-
mote malignant phenotypes of cancer (uncontrolled cell
proliferation, local invasion, distant metastasis, etc).
CXCLI13 could stimulate MMPs secretion and enhance
the migratory and tumorigenic properties of prostate
cancer.”® Xu et al showed that CXCL13 could induce
ERK1/2 activation and promote breast cancer growth
and metastasis in breast cancer.** Zheng et al revealed
that CXCL13/CXCRS5 axis promotes tumor progression
through PI3K/AKT/mTOR pathway in clear cell renal
cell carcinoma.>® We detected high CXCL13 expression
in PC tissues, cell lines and their culture supernatants,
suggesting CXCL13 could act in an autocrine manner in

PC cells. Further, knockdown of CXCLI13 suppressed
malignant phenotypes (cell proliferation, clonogenesis,
migration/invasion, apoptosis escape), attenuated onco-
genic signaling (ERK1/2, STAT3) and reduced metasta-
sis-related MMP2/9 secretion in penile cancer cell lines.
CXCL13 expression was significantly correlated with its
receptor CXCRS in PC. These results suggest that
CXCL13 might promote PC progression through activat-
ing oncogenic signaling pathways (STAT3, ERK1/2) and
inducing metastasis-related MMP2/9. However, contrary
to the Zheng et al study,’® the attenuation of AKT
signaling following knockdown of CXCL13 in the PC
cell lines was not observed, suggesting that CXCL13
signaling might activate differential downstream signal-
ing dependent on specific cancer types.

In conclusion, we have shown that serum CXCL13 is
closely associated with tumor progression and might serve
as diagnostic and prognostic biomarker for PC. Further,
CXCL13 might activate downstream oncogenic signaling
(STAT3, ERK1/2, and MMP2/9) to promote malignant
phenotypes in PC. New discoveries in the CXCLI13
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Figure 8 (A) Effect of CXCLI3 depletion on cancer-related signaling pathways in PC cell lines. (B) Knockdown of CXCLI3 reduced MMP2/9 secretion in PC cell lines. n=3,
*P<0.05. (C) Waterfall plot of CXCR5 expression in PC dataset GSE57955 (n=39). (D) Correlated expression between CXCLI3 and CXCRS5 in PC dataset GSE57955 (n=39).

signaling would also aid clinical decision-making for PC

patients, bringing us closer to the promise of translational

precision medicine.
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