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RETRACTED: Elevated Expression
Levels of PC3-Secreted Microprotein
(PSMP) in Prostate Cancer
Associated With Increased Xenograft
Growth and Modification of
Immune-Related Microenvijr

nd urine samples from patients to verify the upregulated expression
microprotein (PSMP) in PCa tumor tissues with high Gleason scores.

QFotein could promote the proliferation both in vitro and in vivo, and rhPSMP could
promote epithelial-mesenchymal transition (EMT) of PC3 in vitro. Additionally, PSMP
could also influence cytokine production in the xenograft model and monocyte migration
and macrophage polarization in vitro. Our most important finding was that neutralizing
antibodies against PSMP could suppress xenograft PC3 growth and promote the survival
of PC3 metastatic mice model, providing an effective option to cure human PCa.

Keywords: PC3-secreted microprotein, therapeutic target, neutralizing antibody,

microenvironment

prostate cancer,

INTRODUCTION

Prostate cancer (PCa) is one of the main lethal cancer types in males worldwide. Primary PCa
usually grows very slowly, and lymph nodes, bone marrow, and brain are the main targets of
metastasis. Disease stages, serum prostate-specific antigen (PSA) levels, and Gleason scores are
the main references for treatment. PCa without metastasis has a low risk and usually treated
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with a conservative treatment (1), because primary PCa spreads
very slowly in a limited area. However, aggressive PCa is still
difficult to treat (2). Accompanied with metastasis, high Gleason
scores, low free/total PSA levels, and extraprostatic extension
(EPE) plus positive margins are reported to define aggressive
PCa. Specially for EPE, it is defined as the local spread of PCa
beyond prostate boundaries. Many reports about EPE and PCa
risk have revealed that EPE is strongly correlated with other
aggressive disease features. Patients with Gleason score of 7
compared with EPE and positive margins have a high enough
risk that they should be unequivocally considered for adjuvant
treatment (3). EPE can also independently influence biochemical
recurrence-free survival in cases under pT3 subclassification (4).
PCa metastasis can eventually lead to patient death. Unlike
patients with low-risk PCa, patients with aggressive PCa are
usually recommended to receive multiple treatments, such as
surgery, radiation therapy, high-intensity focused ultrasound
therapy, chemotherapy, and hormonal therapy (5, 6). To solve the
difficulty in treating aggressive PCa, several immunotherapies,
including cancer vaccines (7) and neutralizing antibodies (8),
have already been developed.

PC3-secreted microprotein (PSMP), also known as MSMP,
was first reported to function as a chemokine secreted by the
PC3 cell line, and its chemokine receptor was identified to be
CCR2 by the Ying Wang lab (9). PSMP is a classic secreted
protein with secreting signal peptides and CC and CXC motifs.
PSMP has already been proven to be a chemokine acting as a
chemoattractant for monocytes with chemokine receptors in a
CCR2-dependent manner both in vitro and in vivo (9, 10). In
another study, PSMP was found to be expressed in mult1p1e

at tumorigenesis in the mouse
colon induced by azoxymeétifine (AOM)/dextran sodium sulfate
(DSS) was dramatically @meliorated by blocking PSMP. There
is accumulating evidence indicating the participation of PSMP
in tumorigenesis. Even though PSMP was first found to be
expressed by PC3 cells and PCa tissues, some of the important
functions of PSMP in PCa tumorigenesis and metastasis are still
unclear. In this study, we first collected many biopsy tissues
from benign prostate hyperplasia (BPH) or PCa patients and
then determined the relationship between PSMP expression
level and PCa. We hypothesized that PSMP is an important
secreted protein that has an impact on prostate tumor formation,
metastasis, and microenvironment through its receptor CCR2,
expressed on PCa cells and immune cells. Therefore, in this study,
the direct and specific functions of PSMP in PCa were examined
both in vitro and in vivo.

MATERIALS AND METHODS

PCa Biopsy Sample Collection

PCa biopsy samples were obtained from the 2010 to 2015
archives from the Department of Pathology at Peking University
People’s Hospital. The serum and urine samples were collected
from PCa and BPH patients who were admitted to Peking
University People’s Hospital from 2010 to 2015. The collection
of human tissues and serum/urine samples used in this study was
approved by the Ethics Committee of Peking University People’s
Hospital and was performed according to the Declaration of
Helsinki guidelines.

Antibodies, Reagents, and Cell Culture

Antibodies against extracellular signal-regulated kinase (ERK),
phosphorylated ERK (p-ERK), AKT, p-AKT, E-cadherin, and
B-actin were purchased from CST. The polyclonal antlbody

lab as previously described (9).
lines were obtained from the

in, our previous study (9). In brief, after obtaining the paraffin
ides, the slides were deparaffinized and hydrated sequentially
at 70°C for 4 h, 100-75% ethanol 5 min each stage; non-specific
binding sites were blocked with goat serum; the sections were
incubated with the rabbit anti-hPSMP polyclonal antibody used
at a concentration of 5pg/ml, 37°C for 2h, and horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody as
the secondary antibody at room temperature for 1h; HRP
reaction was performed; and finally, PSMP expression was
individually evaluated and scored by two pathological specialists.
IHC results were evaluated by a semiquantitative approach used
to assign an H-score (or “histo” score). First, the staining score
was determined by the intensity of positive staining (no staining
= 0; weak staining = 1; moderate staining = 2; strong staining =
3). Then the percentage of cells at each staining intensity level was
calculated. An H-score was assigned using the following formula:
[1 x (% cells 1+) + 2 x (% cells 2+) + 3 x (% cells 3+)].
The H score, ranging from 0 to 300, represented higher weight
for higher-intensity staining in a given sample. In this study, the
median of the H score is 157.

Pathological Score to PCa Tissue

The pathological score to the collected PCa tissues was according
to Gleason score system. Gleason score is based on the
architectural features of the PCa cells. Gleason score is ranged
from grade 1 to grade 5 by the biopsy’s tumor growth pattern
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and cell differentiation, and grade 1 indicates the highest
differentiation and grade 5 the lowest. In this study, the
composite Gleason score was used. The composite Gleason score
includes a primary score and a secondary score, which are
the numerical values for the two most prevalent differentiation
patterns. Therefore, the composite Gleason score in this study
ranged from 6 to 10. And according to the new grading (grade
group) system published in 2016, the grade group contains group
1 to group 5. The majority of the grade group system is same
with the composite Gleason score system, in which the new grade
group system tried to distinguish the composite Gleason score
“4 + 3” and “3 + 4, which might indicate a different prognosis.
In this study, we focused on comparing the PSMP expression in
the tissue with high Gleason score with those in tissues with low
grade or intermediate grade. Consistent with our previous study,
we used the composite Gleason.

The TNM (tumor, node, metastasis) staging system was used
in this study simultaneously, including five stages: stage 0 and
stages I through IV. The biopsies we collected were from local
tumors and has PCa special developing pattern, the node stage
and metastasis stage in these biopsies are negative, and the tumor
stage displayed PCa progression. As for TINOMO and T2NOMO,
the tumor cells are located in situ, while for T3NOMO, the tumor
cells begin to invade outside the prostate.

Cell Proliferation Assay
Proliferation assays in this study included the colony formation
assay and the cell counting kit-8 (CCKS8) assay. For the colony,
formation assay, PC3 cells were seeded into 96-well plates with
50 cells per well. BSA (200 ng/ml), 100 ng/ml CCL2, 200 ng/ml
PSMP, or 1 pg/ml neutralizing antibody against PSMP

Metastatic Mous
Six-week-old nude ce were purchased from Peking
Experimental Animal Center (Beijing, China). PC3 cells
were suspended in phosphate-buffered saline (PBS) and injected
into nude mice (1 x 10° cells in 100 w1 of PBS per mouse). Four
weeks later, the mice were equally separated into three groups
according to the tumor size, and 50 g of BSA in 100 w1 of PBS,
50 g of PSMP in 100 1 of PBS, or 200 g neutralizing antibody
against PSMP in 100 pl of PBS was injected adjacent to the
tumor. Tumor volumes were calculated by caliper measurements
performed weekly to monitor and track tumor growth (tumor
volume = LWW x 0.56). At week 8, the mice were sacrificed,
and primary tumors were isolated and weighed. Cytokine
levels in tumors were measured by ELISA after the tumors
were homogenized. All animal experiments were carried out

according to the Guidelines for the Care and Use of Laboratory
Animals and were approved by the Ethics Committee of Peking
University Health Science Center.

Western Blot Analysis and ELISA

Total proteins were extracted using lysis buffer (pH 7.4, 50 mM
Tris-HCI, 4% SDS, 21% Triton X-100, and protease/phosphates
inhibitors), separated by 12.5% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gel and
transferred to polyvinylidene difluoride (PVDF) membranes for
immunoblotting analysis. The membrane was immersed in a
TBST solution containing 5% non-fat milk at room temperature
for 0.5h and incubated with the primary antibody. The
membranes were subsequently incubated with HRP-conjugated
secondary antibodies at room temperature for 1 h. Proteins were
detected in ECL Plus™ System. The B-actin antibody was used
to monitor the loading amount. ELISA ormed according
to the manufacturer’s instructions (eB

Cell Migration Ass
PC3 cells (1 x 10°) were

targeted PSMP  sequence in  shRNA  was
CGCAAGGACTGTTTCCATT. The shRNA expression vector
and packaging vector were cotransfected to 293T cells using
Lipofectamine 2000 according to the manufacturer’s instructions.
After 48 h, the supernatant was filtered and centrifuged for 2h
in a 50,000 g ultracentrifuge to concentrate the virus. PC3 cells
were infected with lentivirus expressing PSMP shRNA, and then
selected by puromycin; the PSMP expression level in PSMP
knockdown PC3 cells was confirmed by quantitative polymerase
chain reaction (qQPCR) or Western Blot. We set three groups,
including wild-type PC3 cells, PSMP knockdown PC3 cells, and
PSMP knockdown PC3 cells rescued by coculture with 50 ng/ml
PSMP. After coculture for 48 h, we collected cells in the lower
wells for experiments.

Real-Time PCR

The total RNA was isolated from tissues or cells using TRIzol
reagent (Invitrogen). Reverse transcription (RT) reactions were
performed by using the RT MasterMix system (Sigma-aldrich).
The primers used for real-time PCR are listed as follows:
E-cadherin, forward 5'-CCCGCCTTATGATTCTCTGCTCGTG
-3’ and reverse 5-TCCGTACATGTCAGCCAGCTTCTTG-3';
ERB1, forward 5-GGAGAACTGCCAGAAACTGACC-3' and
reverse, 5-GCCTGCAGCACACTGGTTG-3'; FN1, forward 5'-
GGAAAGTGTCCCTATCTCTGATACC-3' and reverse 5'-AA
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TGTTGGTGAATCGCAGGT-3'; Snaill, forward 5'-GCCTAGC
GAGTGGTTCTTCT-3 and reverse 5-TAGGGCTGCTGGAA
GGTAAA-3'; TGFBL, forward 5'-GGCCTTTCCTGCTTCTCAT
GG-3' and reverse 5'-CCTTGCTGTACTGCGTGTCC-3'; VIM,
forward 5-TACAGGAAGCTGCTGGAAGG-3" and reverse 5'-
ACCAGAGGGAGTGAATCCAG-3'; and ZEBI, forward 5'-GG
GAGGAGCAGTGAAAGAGA-3' and reverse 5 -TTTCTTGCC
CTTCCTTTCTG-3'. The real-time PCR protocol was followed
as previously described (13). The SYBR-green PCR Master Mix
was purchased from (Thermo-fisher). All gene expressions were
normalized to that of Gapdh.

THP-1 Cell Line Differentiation to M1/M2

Macrophages
Monocytes separated from human PBMCs polarized into M1
and M2 macrophages were examined by following the process
described in a previous report (14). In brief, THP-1 cells were
cultured according to ATCC recommendation. THP-1 cells were
incubated with 150 nM PMA for 24 h at first and then cultured
in medium for another 24 h. The monocytes would be polarized
into M1 macrophages if incubated with 20 ng/ml of IFN-y and
10 pg/ml of LPS, or would be polarized into M2 macrophages by
incubating with 20 ng/ml of IL4 and 20 ng/ml of IL13.

Flow Cytometric Analysis
Cells were taken and blocked in 5% fetal bovine serum for 20 min
and then stained with CCR2-APC (BioLegend) at 4°C for 30 min.
Data were acquired from FACScaliber (BD Biosciences) and
analyzed using Flow]Jo 7.6 (TreeStar).

Statistics

All data are presented as the mean £ SD. Student’s t-test was
used to carry out all statistical analyses. P values < 0.05 were
considered statistically significance, and on statistical graphs,
*means 0.05 < P < 0.1, *means 0.01 < P < 0.05, and
***means P < 0.01.

RESULTS

PSMP Expression in PCa Tissues Was
Higher Than in Benign Prog

Hyperplastic Tissues
The correlation between PS
investigated using ITHC i
PCa patients. PSMP

PCa was first
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FIGURE 1 | PSMP expression levels were detected in normal human prostate and PCa tissues. After collecting normal prostate tissues and cancer biopsy tissues, a
polyclonal antibody against PSMP was used to determine PSMP expression levels in different prostate tissues by IHC. In this figure, representative slides including one
normal prostate tissue and PCa tissues with high, medium, or low Gleason scores are displayed.
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FIGURE 2 | PSMP expression levels were analyzed in collected PCa tissue samples. (A) PCa samples were divided into four groups based on their total Gleason
scores, and PSMP expression levels were scored and statistically analyzed among groups with different Gleason scores. (B) The same samples were grouped by
TNM grade, and PSMP expression level was checked and analyzed. (C) Samples were grouped by the donor age, <60, 60-69, and 70<, and PSMP expression level
was analyzed. (D,E) Samples were grouped by negative EPE, low EPE, high EPE, PSMP expression level, and serum PSA level.

Gleason scores compared with that in normal prostate tissues.
In PCa tissues with the composite Gleason scores 5, 6, 7, 8, and
9, PSMP expression was relatively higher than that in normal
human prostate tissues.

In the statistical results from the composite Gleason score
of 100 PCa patients, PSMP expression levels were correlated
with the composite Gleason score, which is a main diagnostic
reference for PCa, and a higher PSMP expression level indicated
a higher composite Gleason score (Figure 2A). Consistent with
the Gleason score, the PSMP expression level gradually increased
from TINOMO to T2NOMO to T3NOMO (Figure 2B). Therefore,
the PSMP expression level is highly related to PCa progagssion.

groups (Figure 2D). Further
factors in PCa, including a
Gleason score, mean
surgical margin/%
Table 1 and Figu
surgical margin wa
these findings, we hypo
progression and PCa me

PSMP Showed a Different Expression
Pattern Between Cancer Tissues and
Adjacent Tissues

In another parallel study, 97 PCa tissues and their corresponding
adjacent para-cancerous tissues were collected and analyzed by
using IHC. The composite Gleason score, tumor volume, TNM
staging, and PSMP expression level were evaluated. For the
comparison of normal prostate tissues, adjacent tissues, and PCa
tissues, PCa tissues displayed the highest PSMP expression level,
and normal human prostate tissue displayed the lowest PSMP
level (Figure 3A). Meanwhile, PSMP expression in adjacent
tissues was higher than that in normal tissues and lower than

e is the gold
e explored the

onding adjacent tissues, PSMP displayed a low
level (Figure 3B). For the other risk factors, tumor
e and pathological grade, larger tumors had a higher PSMP
pression level (Figure 3C), and grade III PCa had a higher
PSMP expression level than grade IT PCa and the adjacent group,
while PSMP was scarce and with no significant difference in the
adjacent tissues (Figure 3D).

Based on the aforementioned findings, PSMP is no doubt a
risk factor and potential diagnostic marker for PCa, especially
for aggressive PCa, with Gleason scores more than 5 or EPE plus
positive surgical margins.

Compared With Serum PSA, Serum and
Urine PSMP Was Not Qualified Enough to

be an Indicator to Diagnose PCa
PSA belongs to the kallikrein-related peptidase family and is
secreted by the epithelial cells of the prostate gland. PSA is
regularly detected in male serum samples, and its levels are
elevated in PCa or prostate disorders (15). PSA has already
been widely recognized and accepted as an indicator of PCa,
prostatitis, and BPH (16). In this study, we collected serum and
urine samples from patients with PCa or BPH and prostate biopsy
samples to obtain Gleason scores. PSA levels were detected
by ELISA, and PSMP expression was detected by bead-based
flow cytometry.

First, total PSA in both the low-grade and medium-grade
PCa groups had a higher concentration than that in the BPH
group (Figure 4A); however, free PSA displayed no significant
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TABLE 1 | Comparison of study parameters between organ-confined and extraprostatic extension group.

Item Organ-confined (-) Extraprostatic (+) Extraprostatic(++) P(-vs.+) P(-vs.++) P(+vs.++)
(n = 68) (n=32) (n = 15)
Mean age/yr 70.22 + 0.837 68.31 + 1.438 64.93 + 2.243 0.2265 0.0124 0.0247
Mean serum tPSA 15.87 £+ 2.059 28.68 + 10.46 19 + 3.208 0.0559 0.5002 0.4088
pa/(ng-mL~")
Mean PSMP expression/ 3.162 + 0.2753 3.529 + 0.576 6.4 + 0.6234 0.5555 < 0.0001 0.002
score (0-8)
Mean biopsy 6.926 + 0.1115 6.882 + 0.208 7.467 + 0.2153 0.8582 0.0396 0.0608
Gleason score
Mean tumor area/ 2.676 + 0.07962 2.882 + 0.1176 2.733 + 0.1817 0.2295 0.7651 0.4866
score (1-3)
TNM grade/T 2 +0.05132 2.176 + 0.09531 2.867 + 0.09085 0.1229 < 0.0001 < 0.0001
Positive surgical margins/% 30% 1% 60% 0.1152 0.0339 0.0031
Lymph node metastatic/% 2.90% 0% 0% 0.4802 0.5073
A PSMP in PCa B PSMP and Gleason Score Gleason :
81 1
1

e @ | ]

S S

@ @

s §

& &

Expression score

> N4 > N\
kg 50\ g 50\
FXpresson/Score 0«" 0{» e@ d:o

Adjacent

FIGURE 3 | PSMP expression in PCa and adjacent tissues was analyzed in another PCa sample set. (A) PSMP expression was detected and analyzed in the normal
group, PCa group, and their corresponding adjacent tissues. (B) Different expression patterns of PSMP in PCa samples compared with that in their corresponding
adjacent tissue samples grouped by Gleason scores. (C) Tumor volume was scored and summarized, and PSMP expression levels in groups with different tumor
volumes were analyzed. (D) Tumor samples were pathologically graded as grades Il and lll, and PSMP expression levels were analyzed in PCa tissues and adjacent
tissues grouped by pathological grade.

distinguish BPH and PCa (Figure 4D), which was consistent
with a previous report showing that PSA is a biomarker of
PCa. Furthermore, PSMP existing in serum and urine was
detected and analyzed similar to PSA. Unlike PSA, PSMP
concentration in serum was similar among the three groups
(Figure 4E), while in urine, PSMP in the medium-grade group

difference between the BPH and PCa groups (Figure4B).
Moreover, the ratio of free PSA to total PSA in the PCa group
was dramatically lower than that in the BPH group, while there
was no difference between the low-grade and medium-grade
groups (Figure 4C). Based on ROC curve analysis, free/total PSA
in serum showed a relatively high sensitivity and specificity to

Frontiers in Oncology | www.frontiersin.org 6 August 2019 | Volume 9 | Article 724


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Pei et al.

PSMP Promotes Prostate Cancer Metastasis

urine PSMP as diagnostic biomarkers were analyzed by ROC curves.
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NeuAb to inhibit PC3 proliferation
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Il Control
8 NeuAb

v L

was slightly lower tha af, in the low-grade group and the
BPH group (Figure 4F) JBased on ROC curve analysis, serum
PSMP could not be used as a biomarker to distinguish PCa
from BPH (Figure 4H), but urine PSMP showed a potential as
a diagnostic indicator of PCa, even though it is not as good as
PSA (Figure 4G).

Given that PSMP is expressed locally in prostate tissue
and related to aggressive PCa, PSMP in serum and urine
seemed insufficient to indicate prostate tumorigenesis,
but for cancer progression, PSMP in urine might be
an indicator of PCa metastasis as shown in Figure 4F.
Paradoxically, we found higher PSMP expression
PCa tissues with higher Gleason scores but lower
expression in urine samples, which might be due to a
complicated PSMP metabolism in the human body. Next,

in

we focused on PSMP functions during PCa progression
and metastasis.

PSMP Could Accelerate PC3 Cell Colony
Formation, While Neutralizing Antibody
Against PSMP Had a Slight Effect on PC3

Cell Proliferation

One important characteristic of aggressive or metastatic cancer
cells is their high potential for proliferation. We first assessed
the role of PSMP in PCa cell growth through colony formation
assays, and as shown in Figures 5A,B, CCL2, as a positive
control, and PSMP could accelerate PC3 cell colony formation
compared with the control (BSA), while the neutralizing antibody
against PSMP could inhibit colony growth of PC3 cells due
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and mortality due to metastasis. (A) Approximately 1 x 108 PC3 cells were
g BSAin 100 nl PBS, 50 g PSMP in 100 pl PBS, or 200 pg neutralizing antibody against
ps, and tumor size was measured and compared among the three groups every week until
ced, and®Primary tumors were isolated and weighed. (D-H) Expression of cytokines, including CCL2,
the tumors were homogenized. (I) Nude mice were injected with 1 x 108 PC3 cells through tail
or neutralizing antibody was intraperitoneally injected every 2 weeks, followed by monitoring mouse

further confirm the role of
PSMP in PC3 cell proli , we used a neutralizing antibody
against endogenous PSMP in a CCK8 assay to block the
influence of autocrine PSMP on PC3 cell growth. At 72 and
96h after seeding PC3 cells, cell proliferation in the NeuAb
group was slightly lower than that in the control group
(mlIgG) (Figure 5C).

to existing autocrine

In a Xenograft Mouse Model Established
by Using the PC3 Cell Line in Nude Mouse,
PSMP Promoted Tumor Growth in situ, and
the Neutralizing Antibody Against PSMP
Could Reverse This Effect

Based on the in vitro results, PSMP may have a role in PCa cell
proliferation. To further confirm this speculation, we established

a xenograft mouse model to explore the role of PSMP in tumor
growth in vivo. First, nude mice were subcutaneously injected
with the same number of PC3 cells, and after 4 weeks, mice were
equally separated into three groups. Then, PBS, PSMP, or the
neutralizing antibody was individually injected into the tumors,
and tumor volume was monitored every week. From the 6th week
to the 8th week, the PSMP-injected group displayed faster tumor
growth than the control group, while the neutralizing antibody
group displayed slower tumor growth than the control group
(Figure 6A). On the 9th week, the mice were sacrificed, and
the tumors were isolated. As shown in Figure 6B, the tumors
from the three groups were weighed, and consistent with tumor
volume, the tumor weight in the PSMP-injected group was higher
than that in the control group, and the tumor weight in the
neutralizing antibody group was lower than that in the control
group (Figure 6C).
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In addition to its overall effect on tumorigenesis, PSM
has been shown to be a chemokine that has some influence
on the immune environment. Tumors from the thr

Although nude mice are immune deficient

these three groups
mainly produced by
monocytes, and activ: es had been reported to have
a supporting function growth, which were also relevant
to PSMP expression. IL10#Sually indicated immune suppression,
which IL12 and IFN-y were vital to T cell proliferation
and activation.

To investigate the effect of PSMP on PCa metastasis, we
intravenously injected equal numbers of PC3 cells into nude
mice. mIgG and neutralizing antibody were intraperitoneally
injected every 2 weeks. Based on mouse activity and the survival
rate, as shown in Figure 61, the survival rate in the neutralizing
antibody group was 100%, while the mouse in the control
group began to die from the third week, and the final survival
rate was 25%. The results of this experiment strongly support
the hypothesis that PSMP promotes PCa cell survival, and the
neutralizing antibody against PSMP holds promise for clinical
PCa treatment.

(Figures 6F-H).

pregulating the Phosphorylation
and AKT in a CCR2-Dependent

pithelial-mesenchymal transition (EMT), usually occurring
during cancer progression, is featured by a decrease in cell
polarity and an increase in migration and invasion and has
already been proven to be a vital step by which tumors become
more aggressive. When EMT occurs, well-known biomarkers,
including E-cadherin and ERP1, are upregulated, while FNI,
snaill, TGF-B, VIM1, and ZEB1 are downregulated (17).

In this study, we also explored the impact of PSMP on EMT
in PCa cells. To understand this effect, we first established
a PSMP-deficient PC3 cell line. Then, the mRNA levels of
EMT-related molecules were detected in three groups of cells,
namely, wild-type PC3 cells, PSMP knockdown PC3 cells, and
PSMP knockdown PC3 cells rescued by PSMP. As shown in
Figure 7A, E-cadherin was upregulated and FN1, TGF-8, VIM1,
and ZEB1 were downregulated at the mRNA level, while the
change in these molecules was reversed by PSMP. PSMP seemed
to have no influence on the mRNA expression of ERB1 or
snaill (Figure 7A). Furthermore, EMT-related signaling pathway
molecules, such as p-ERK and p-AKT, were explored in vitro.
After coculture with PSMP or CCL2 for different time points,
PC3 cells were collected and analyzed by Western blotting. At
15 and 30 min after PSMP or CCL2 stimulation, p-ERK was
upregulated, but p-AKT was upregulated at 30 and 60 min in
response to PSMP compared with total ERK and total AKT
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(Figure 7B). Then, the CCR
neutralizing antibodies th€ PC3 coculture
ed with cells treated

P and RS102895 and

inhibition of p-AKT a igure 7C). These results revealed
that PSMP might promOf¢”EMT through the p-ERK signaling
pathway in a CCR2-dependent manner.

To explore the role of PSMP in PC3 migration, we performed
Transwell assays. PBS or PSMP was added to the lower wells as
the chemoattracting target, and PC3 cells were added to the upper
wells. As shown in Figure 7D, PSMP could promote PC3 cells
to migrate through the membrane in a dose-dependent manner
(Figure 7E). Furthermore, wound healing assays were carried
out. Compared with the controls, PSMP could suppress the
proliferation rate and migration speed of PC3 cells but could not
alter the final effects (Figures 7F,G), possibly due to its autocrine
functions in PC3 cells. On the other hand, compared with the
control, the neutralizing antibody against PSMP could inhibit the
wound healing effect of PC3 cells (Figures 7E,G).

In Addition to Attracting Monocytes, PSMP
Could Affect the Monocyte
Chemoattraction Potential by Upregulating
CCR2 and Promote M2 Macrophage

Polarization

PSMP was previously reported and described as a chemokine that
could chemoattract monocytes to inflamed tissues. Based on our
results in nude mice, PSMP, secreted by tumor cells, might have
some influence on the immune environment. First, to examine
the effect of PSMP on monocytes, we cocultured THP-1 cells
with PSMP or CCL2 and then collected and analyzed the cells
by flow cytometry and Western blotting. As shown in Figure 8B,
PSMP upregulated CCR2 expression on the THP-1 cell surface
at 4 and 6h. As shown in Figure 8A, PSMP upregulated E-
cadherin expression on the THP-1 cell surface at 24, 48, and 72 h.
These results revealed that PSMP could enhance chemoattractant
sensitivity and adhesion of monocytes to target tissues. This
mechanism may be shared both by inflamed tissues and the
tumor microenvironment.
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On the other hand, the effect of PSMP on M2 macrophages
was also explored. M2 macrophages are a subtype of
macrophages that can modulate the inflammatory reaction.
PSMP was added during the induced differentiation of
monocytes to M2 macrophages, and CCL2 expression was
detected at different time points. CCL2 expression in M2
macrophages showed no difference during this progression
(Figure 8C). In addition, after coculture with PSMP, cytokine
levels in M2 macrophages were measured by ELISA. In M2
macrophages, PSMP significantly upregulated TNF-o and TGF-$
expression but not IL18, IL6, or IL10 (Figure 8E), which was
different with M1 macrophages (Figure 8D).

These results indicated that PSMP could enhance
monocyte migration, promote monocyte differentiation to M2
macrophages, and upregulate PCa-related cytokine expression.

DISCUSSION

In the study, we discovered the evidences supporting a critical
role for PSMP in PCa. First, we used antibody against PSMP
to check the PSMP expression level in PCa tissues and
discovered high-Gleason-scored PCa tissues had a higher PSMP
expression level than the low-scored tissues, which indicated
PSMP might be related to PCa progression. Second, our
results demonstrated that PSMP secreted by the tumor cells
promoted the growth and survival of PCa cells and EMT
by directly stimulating tumor cell. Third, we observed PSMP,
chemoattracted monocyte/macrophage infiltration in a CCR2-
dependent manner and influenced macrophage differentiation to

been paid to exploring apeutic targets for preventing
metastasis. Ogita’s team\{B@¥” found that a molecule, epithelial
membrane protein 1, Was highly expressed in PCa samples
obtained from patients with higher Gleason scores and promoted
tumor metastasis by enhancing cell migration via copine-III
and Racl (18). SREBP-2, sterol regulatory element-binding
protein-2, which is expressed by normal cells and can influence
cholesterol biosynthesis and homeostasis, was found to promote
PCa metastasis via transcriptional activation of c-MYC (19).
Furthermore, ligands and their receptors, such as CXCL12 and
CXCR4 (20), tumor-associated exosomes (21), transmembrane
proteins, such as CXCR6 (22) and TLR9Y (23), protein kinases
and related signaling pathways, have already been found to be
involved in PCa metastasis. Among these molecules, secreted
proteins or transmembrane proteins should be the ideal targets
for PCa therapy. PSMP could enhance the EMT in PC3 cells in

vivo and in vitro, so PSMP has the potential to be a therapeutic
target of PCa.

Cytokines have already been widely implicated in PCa
progression. PCa usually develops from BPH and grows slowly.
Borrow marrow and lymph nodes are the main target organs for
metastasis (24, 25). In these inflammation-associated processes,
several cytokines, such as TNF-a, EGE IL6, IL1, TGF-B, and
MCP-1, have been reported to be involved (26, 27). TNEF-
a is a well-known factor that can affect different tumors
through binding to its receptor, TNFR (28-31). EGF-EGFR
and its signaling pathway have been reported to be associated
with tumor progression, especially in androgen-independent
PCa metastasis (32). IL6 is found to be widely involved in
several tumors, including PCa (33), breast cancer (34), lung
cancer (35), and melanoma (36). CCL2, also known as MCP-
1, is a classical chemokine whose receptor is CCR2, and the
CCL2-CCR2 axis has already been fg p, be involved in

(27, 39). Moreover,
directly stimulate P

not only to
survival but also

ophages, and PCa cells can
en the activated downstream

g pathway can
n the crigical €0le of CCL2 in PCa progression, it
develop a therapeutic method targeting

CL2Z-CCR2 axis has been recognized as an ideal therapeutic
arget in PCa therapy. Carlumab, also known as CNTO888,
was developed from a neutralizing antibody against CCL2 (41).
Based on previous research, CCL2 was identified as a PCa
biomarker for PCa diagnosis (42), and Pienta’s team reported
that CCL2 could promote PCa growth through the regulation of
macrophage infiltration (43). The neutralizing antibody against
CCL2 was also found to suppress hepatocellular carcinoma
in a mouse model by enhancing NK cell cytotoxicity and
IFN-y production in the liver (44). For breast cancer, CCL2-
CCR2 signaling was reported to mediate fibroblast-cancer cell
interactions in basal-like breast cancer progression and alter
macrophage function in the microenvironment. The neutralizing
antibody against CCL2, carlumab, was first used in a clinical
trial in 2003; however, carlumab was unable to suppress PCa
independently, which revealed the lack of consideration of the
redundancy of chemokines in previous studies. CCR2 expressed
on PCa cells and monocyte-macrophages might be critical
for tumorigenesis and microenvironment modification, but the
function of CCR2 does not rely on only one of its several
ligands including CCL2. We found PSMP could be produced
by PCa cells but not by macrophages, which was different
from CCL2 produced by macrophages, endothelial cells, and
cancer cells. Furthermore, PSMP could enhance M1 macrophage
to secret more CCL2, which indicated that PSMP played a
different role from CCL2 in regulating monocyte/macrophage
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migration and differentiation. Altogether, even though CCL2-
neutralizing antibody has failed in clinical trials, we still
believe PSMP-neutralizing antibodies will show more specific
therapeutic effects in future clinical trials. In this study, we
demonstrated that a PSMP-neutralizing antibody could inhibit
primary tumor growth in nude mice and promote the survival
of nude mice injected with PC3 cells, but could not totally
eliminate the PC3 cells. Besides, mice injected with neutralizing
antibody of PSMP could keep 100% survival compared with
control group in metastasis mice model, which means PSMP
might display more function on the metastasis rather than
primary tumorigenesis.

Although PSMP was primarily found as a chemokine with
the receptor CCR2, very similar to CCL2, PSMP can also act as
a growth factor in many tissues according our previous study.
PSMP is upregulated in several tumor types, such as lung cancer,
gastrointestinal cancer, PCa, and kidney cancer. Our results
indicated that PSMP, as a growth factor, can promote PCa cell
proliferation through the signaling pathway molecules p-AKT/p-
ERK in a CCR2-dependent manner. Additionally, the effect
of PSMP on macrophage differentiation is another important
function during metastasis.

The aim of this study was to find a therapeutic neutralizing
antibody for aggressive PCa. In this study, we found that the
different expression levels of PSMP are correlated with Gleason
scores, EPE, and positive margin; however, we were unable to find
differences in serum or urine from PCa patients, which reduced
the potential of PSMP as a diagnostic biomarker. The result migh
be due to PSMP protein expressed locally in prostate tissue and
having a complicated metabolism in human body, which made
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PSMP could also inhibit PCa progression in a mouse model by
blocking PSMP.

In summary, we proved PSMP in a key secreted protein
involved in PCa progression by promoting the proliferation,
migration, and microenvironment changes and then developed
an effective neutralizing antibody for future research and
clinical trials.
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