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Abstract: Objective: This study aims to observe the expression of YKL-40 in prostate cancer and whether YKL-40
can affect the migration and invasion of tumor cells by regulating epithelial mesenchymal transition. Methods: We
collected 14 cases of prostate cancer tissues and adjacent tissues in this study. The expression levels of YKL-40
in the tissues were analyzed by western blotting and immunohistochemical methods. The expression of YKL-40 in
human prostate cancer cell line DU145 and PC3 was detected by fluorescence quantitative PCR and western blot-
ting methods. The expression levels of YKL-40 in different cells were up-regulated or down- regulated by lentivirus
to observe the changes of cell migration and invasion. The expression levels of EMT related genes were analyzed
by RT-PCR and Western blotting methods. Results: The expression level of YKL-40 in prostate cancer tissues was
significantly higher than that in adjacent tissues (P<0.01), and it was higher in DU145 cells than that in PC3 cells
(P<0.05). The expression level of YKL-40 was positively correlated with cell migration and invasion. YKL-40 can
regulate the expression of EMT related genes (Twist, Snail, Slug, N-cadherin, Vimentin and E-cadherin). Conclusions:
The expression level of YKL-40 was positively correlated with the migration and invasion of prostate cells, it affects
cancer metastasis by regulating EMT.
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Introduction

Prostate cancer (PCa) is one of the most com-
mon malignant tumors in male genitourinary
system, its incidence in Europe and the United
States is high. PCa is the second malignant
tumors of the European men [1]. Invasion and
metastasis are the most closely related to the
prognosis of patients with prostate cancer.
More than 70% of all prostate cancer cases die
from bone metastases and other sites each
year [2, 3], which seriously affect the prognosis
and quality of life. At present, surgery or hor-
mone therapy is the most effective treatment.
Although endocrine therapy or radiation thera-
py can prevent and delay the recurrence and
progression of prostate cancer, but for
advanced and metastatic prostate cancer, the
majority of prostate cancer has been converted

to hormone refractory prostate cancer after
endocrine therapy and the median survival time
was only 12 to 18 months [4].

YKL-40 protein is highly expressed in many
malignant tumors, its value in the diagnosis of
disease, evaluation of disease and prognosis
receives more and more attention. Francescone
found that YKL-40 can enhance the expression
of vascular endothelial growth factor (VEGF) in
malignant glioma cell line U87, the median sur-
vival time of glioma patients undergoing surgery
with YKL-40 low expression and high expres-
sion was 14.6 and 5.9 months respectively
(P<0.05) [B]. Faibish found that YKL-40 anti-
body could significantly inhibit tumor growth
and angiogenesis in mice, and prolong the sur-
vival time of mice [6]. Libreros [7] and Ku [8]
found that the expression of YKL-40 in breast
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cancer cells can promote the synthesis and
secretion of MMP-9 by tumor associated mac-
rophages, thereby enhancing the invasiveness
of breast cancer. The level of YKL-40 in patients
with prostate cancer serum was significantly
higher than that in patients with benign pros-
tatic hyperplasia. Johansen found that YKL-40
level is an independent indicator of prognosis
in patients with metastatic prostate cancer
after endocrine therapy [9]. Ozdemir found that
YKL-40 may be a predictor of tumor burden and
metastasis in prostate cancer [10]. These stud-
ies suggested that YKL-40 may play an impor-
tant role in the progression and metastasis of
prostate cancer, but its mechanism is still
unclear.

In this study, we compared the expression lev-
els of YKL-40 in prostate cancer and normal
prostate tissues, the expression level of YKL-
40 and its correlation with metastasis and inva-
sion in prostate cancer cells were analyzed, the
regulation of YKL-40 on EMT in prostate cancer
cells was observed by up regulation and down
regulation of YKL-40 expression to elucidate
the role of YKL-40 in the metastasis and inva-
sion of prostate cancer.

Materials and methods
Specimens

A total of 11 surgical resection specimens of
patients with prostate cancer were collected
from Department of Urology, Shanxi Cancer
Hospital, each specimen consisted of cancer
tissues and its adjacent tissues. All tissues
were divided into two parts, one was preserved
in liquid nitrogen for the extraction of total pro-
tein for Western blot detection; one was pre-
pared for paraffin sections after being fixed
with 4% paraformaldehyde for immunohisto-
chemical detection. The informed consent was
obtained from patients and the study was
approved by the ethics committee of Shanxi
Cancer Hospital.

Cell culture

Human prostate cancer cell line DU145 and
PC3 cells were purchased from China infra-
structure of cell line resources. The DU145
cells were cultured in RPMI 1640 containing
10% fetal bovine serum (FBS; Gibco, Invitrogen),
100 U/mL penicillin (GIBCO) and 100 U/mL of
streptomycin in a humidified atmosphere with
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5% CO, at 37°C. The PC3 cells were cultured
F12K medium containing 10% fetal bovine
serum (FBS; Gibco, Invitrogen), 100 U/mL peni-
cillin (GIBCO) and 100 U/mL of streptomycin in
a humidified atmosphere with 5% CO, at 37°C.

Immunohistochemical detection

The paraffin embedded prostate tissue was
made into 2 um serial sections. They were de-
waxed in xylene for 2 times (5 min/times) and
hydrated in gradient dilution of ethanol. Then
they were incubated in H,0, for 20 min in order
to block the endogenous peroxidase, micro-
wave repair the antigen for 5 min in citrate buf-
fer solution and repeat it. 10% normal goat
serum prepared with 0.01 M PBS buffer was
used to seal the non-specific antibody binding
site and incubated for 1 h at room temperature.
Washed them with distilled water and PBS for 5
min respectively and repeat it. Drop-adding the
1st antibody (YKL-40, 1:400) and incubated at
37°C in water bath for 2 h, then washed them
with PBS every time for 2 min, a total of 3 times;
Drop-adding the 2nd antibody (Biotin labeled
Goat anti mouse IgG, 1:500) and incubated at
37°C in water bath for 30 min, washed them
with PBS every time for 2 min, a total of 3 times.
Developed with the DAB solution and observe
them under microscope, flushed them compl-
etely, hematoxylin counterstained them, wash-
ed with water, dehydration, transparency, mo-
unt and observed under microscope. They were
analyzed with Image J software.

Construction of PC3 cell line stably expressing
YKL-40

The Lentivirus solution containing a full length
of YKL-40 cDNA was purchased from Shanghai
Ji Ma Pharmaceutical Technology Co., Ltd., the
titer was 5x10% TU/ml. 2x10% PC3 cells were
seeded in each well of 24-well plate and incu-
bated at 37°C with 5% CO, for 24 h. The slow
virus solution was diluted with fresh medium
for MOI=5, polybrene was added into them and
the final concentration was 6 pug/ml, and 2 mil
was added to each well of the plate and incu-
bated at 37°C with 5% CO, for 24 h. The culture
media containing lentivirus were replaced with
fresh medium. A fresh culture medium contain-
ing a final concentration of 4 g/ml puromycin
was added into them after infection for 72 h
and they were cultured continually. The cells
with puromycin resistance (PC3-YKL-40) were
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Table 1. Primers in this study

was 3x108 TU/ml. 2x10° DU-

145 cells were seeded in each

Primer Primer sequence (5'—3’) Size of PCR i
sense q products (bp) well of 24-well plate and incu-
o H 0,

YKL-40 F  GAAGACTCTCTTGTCTGTCGGA 108 bated at 37°C with 5% CO, for
R AATGGCGGTACTGACTTGATG 24 h. The lentivirus w-as dilut-
) ed with fresh medium for
E-cadherin F ATTTTTCCCTCGACACCCGAT 109 MOI=5, polybrene was added
R TCCCAGGCGTAGACCAAGA into them and the final con-
N-cadherin F TTTGATGGAGGTCTCCTAACACC 120 centration was 6 pg/ml and 2
R ACGTTTAACACGTTGGAAATGTG ml was added to each well of
Vimentin F AGTCCACTGAGTACCGGAGAC 98 the plate and incubated at
R CATTTCACGCATCTGGCGTTC 37°C with 5% CO2 for 24 h.
Twist F GCCTAGAGTTGCCGACTTATG 123 The culture media containing
R TGCGTTTCCTGTTAAGGTAGC lentivirus Yvere replaced with
Snail F TCGGAAGCCTAACTACAGCGA 140 fresh medium. A fresh culture
R AGATGAGCATTGGCAGCGAG mid'“::r E‘fo:ta]'cnrg/n?l f'r;a'
Slug F CGAACTGGACACACATACAGTG 87 co 96 ation o g puro
mycin was added into them
R CTGAGGATCTCTGGTTGTGGT after infection for 72 h and
GAPDH F TGTGGGCATCAATGGATTTGG 116 they were cultured continually.
R ACACCATGTATTCCGGGTCAAT The cells with puromycin res-
istance (DU145-KD) were scr-
eened for subsequent experi-

A 1 2 3 4 5 [

T NT T NT T NT T NT T NT T NT
-———
YKL-40 —?-_--—.e--__:,

B-actin -m-“m

7 8 9 10 11
T NT T NT T NT T NT T NT

YKL-40 " - - — . — D — . —

B-actin - ——

Figure 1. YKL-40 expression in prostate cancer tissues and their adjacent
tissues. The expression level of YKL-40 in prostate cancer tissues was sig-
nificantly higher than that in adjacent tissues. A: Western blotting results; B:

Immunohistochemical results.

screened for subsequent experiments. Lenti-
virus infected cells without target fragments
were used as the control group.

Construction of DU145 cell line stably express-
ing down regulated YKL-40

Lentivirus solution capable of inhibiting YKL-40
expression was purchased from Shanghai Ji Ma
Pharmaceutical Technology Co., Ltd., its titer
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ments. Lentivirus infected ce-
lls without target fragments
were used as the control

group.

Stably down-regulated the
expression of YKL-40 in PC3-
YKL-40 cells and stably up-
regulated the expression of
YKL-40 in DU145-KD cells

PC3-YKL-40-KD cell line sta-
bly expressing down regulated
YKL-40 was screened by infec-
tion of PC3-YKL-40 cells with
lentivirus which could inhibit
the expression of YKL-40. DU-
145-KD- YKL-40 cell line sta-
bly expressing up regulated
YKL-40 was screened by infec-
tion of DU145-KD cells with
lentivirus containing a full
length of YKL-40 cDNA. The
methods were the same with the above.
Lentivirus infected cells without target frag-
ments were used as the control group.

RNA extraction and real-time PCR

Total RNA was extracted from PC3, PC3-YKL-40,
DU145 and DU145-KD cells using Trizol plus
RNA purification kit (Invitrogen China) accord-
ing to the manufacturer's manual. Their con-
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Figure 2. YKL-40 expression level was correlated with the migration and invasion of prostate cancer cells. A: The
migration and invasion of DU145 and PC3 cells; B: RT-PCR results; C: Western blotting results; *P<0.01.

centration and purity were detected with Agilent
2100 Bioanalyzer. 1 ug RNA was subjected to
reverse transcription using Transcriptor First
Strand cDNA Synthesis Kit (Roche China). Real-
time PCR were performed using FastStart Uni-
versal SYBR Green Master. The primers used in
this study were shown in Table 1. Reaction
parameters were 95°C for 45 sec, 95°C for 5
sec and 60°C for 30 sec with 40 cycles. The
relative expression of genes was calculated
using 2(-AACT) method

Cell migration and invasion assays
Cell migration and invasion assays were per-
formed using a Trans-well Chamber (Millipore,

Billerica, MA, USA) with 8-um pore size. Briefly,
1x10° cells were seeded into the upper cham-
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ber. After 24 h of incubation, the cells migrating
through the pores or invading through the
Matrigel were fixed and stained with 0.5% crys-
tal violet. The cells on the lower surface of the
chamber were counted in 6 randomly selected
fields. The test was repeated three times.

Western blotting analysis

The cells were harvested and lysed with RIPA
lysis buffer on ice for 30 min with shaking at 12
000 rpm/min. Total cellular protein was collect-
ed and the concentration was determined by
BCA Kit. They were analyzed with SDS-PAGE
electrophoresis. Then it was electrotransferred
to the PVDF membrane. After the transmem-
brane, PVDF membrane was rinsed with TBS
for 10 to 15 min, placed in TBS/T blocking buf-
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fer containing 5% (w/v) skimmed milk powder
and shook at room temperature for one hour. It
was incubated at 4°C overnight after added
with appropriate dilution degree of primary
antibodies. Then the membrane was washed
with TBST for three times (5 minutes each
time). The membrane was incubated at 37°C
for one hour with HRP labeled secondary anti-
body (1:10000) diluted with TBST containing
0.05% (w/v) skimmed milk powder. It was devel-
oped with ECL for 5 minutes. The protein bands
were quantified as a ratio to B-actin using
Image J software.

Statistical analysis

All analyses were conducted using SPSS 16.0
software (SPSS Inc., Chicago, USA). The data
are expressed as the mean values * standard
deviations. Differences between two groups
were assessed using t test. P values <0.05
were considered indicative of a significant
difference.

Results

The expression level of YKL-40 in prostate can-
cer tissues was significantly higher than that in
adjacent tissues

Western blotting results showed that the
expression level of YKL-40 in prostate cancer
tissues was significantly higher than that in
adjacent tissues. Immunohistochemical results
showed that YKL-40 was expressed in cyto-
plasm, it also showed that the expression level
of YKL-40 in prostate cancer tissues was sig-
nificantly higher than that in adjacent tissues
(Figure 1).

YKL-40 expression level was correlated with
the migration and invasion of prostate cancer
cells

RT-PCR and Western blotting results showed
that the expression level of YKL-40 in DU145
cells was significantly higher than that of PC3
cells (P<0.01). Trans-well migration and inva-
sion analysis showed that the migration and
invasion ability of DU145 cells was significantly
higher than that of PC3 cells (Figure 2).

Effects of YKL-40 expression level on cell mi-
gration and invasion in DU145 and PC3 cells

In order to study the effect of YKL-40 expres-
sion on migration and invasion of prostate can-
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cer cells, we constructed stably upregulated
YKL-40 expression with PC3-YKL-40 cells and
stably downregulated YKL-40 expression with
DU145-KD cells. After that, the PC3-YKL-40-KD
cells stably expressing down-regulated YKL-40
mediated by lentiviral vector was established in
PC3-YKL-40 cells and DU145-KD-YKL-40 cells
stably expressing up-regulated YKL-40 mediat-
ed by lentiviral vector was established in DU-
145-KD cells. The expression level of YKL-40
increased 510%, migration ability increased
230% and invasive capacity increased 155% in
PC3-YKL-40 cells compared with PC3 cells.
When the expression level of YKL-40 in the
PC3-YKL-40 cells was down regulated, their
migration and invasion ability returned to the
original level. The expression level of YKL-40
decreased 19%, migration ability decreased
35% and invasive capacity decreased 22% in
DU145-KD cells compared with DU145 cells.
When the expression level of YKL-40 in the
DU145-KD cells was down regulated, their
migration and invasion ability also returned to
the same level as that of DU145 cells (Figure
3).

YKL-40 affects migration and invasion in pros-
tate cancer cells by regulating the expression
of EMT related genes

The expression levels of EMT related genes
such as Twist, Snail, Slug and Vimentin and
adhesion molecules such as E-cadherin and
N-cadherin in PC3, PC3-YKL-40, PC3-YKL-40-
KD, DU145, DU145-KD and DU145-KD-YKL-40
cells were determined respectively. The results
showed that the markers of interstitial cells
N-cadherin and Vimentin was upregulated after
upregulation of YKL-40 expression in PC3 cells,
while the epithelial marker E-cadherin was
down regulated, the expression of Twist, Snail
and Slug was up-regulated. When the expres-
sion of YKL-40 was down regulated, the expres-
sion levels of all genes were reversed. In DU145
cells, the markers of interstitial cells N-cadherin
and Vimentin was down regulated after down-
regulation of YKL-40 expression, the epithelial
marker E-cadherin was up regulated, the ex-
pression of Twist, Snail and Slug was down reg-
ulated. When the expression of YKL-40 was up
regulated, the expression levels of all genes
were reversed (Figure 4).

Discussion

YKL-40, also named human cartilage glycopro-
tein -39 (HCgp-39), is a kind of secreted pro-
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PC3-Control ___ PC3-YKL-40 PC3-YKL-40-KD

Invasion assay

Migration assay

B DU-145-WT DU-145-Control DU-145-KD DU-145-KD-YKL-40

Invasion assay

Migration assay

Figure 3. Effects of YKL-40 expression level on cell migration and invasion. A: PC3 cells; B: DU-145 cells; *P<0.05; **P<0.01.
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tein, it was first found in the culture of human
osteosarcoma cell line MG63 in vitro. Human
YKL-40 gene is located on g32.1 of chromo-
some 1, it contains 10 exons and 7948 base
pairs. It was named as YKL-40 because the first
3 amino acids in the end of a polypeptide chain
are tyrosine, lysine and leucine (the symbol isY,
K and L), and the molecular weight is 40 kd.
The biological function of YKL-40 is still not fully
clear. YKL-40 was highly expressed in inflam-
mation, angiogenesis and tumor tissues in the
development and progression of the musculo-
skeletal system according to clinical trial [11].
YKL-40 has synergistic effect with insulin-like
growth factor, which can activate MAPK and
PI3K signaling pathways and ERK1/2 and AKT
to promote cell proliferation and fibrosis [12].
Overexpression of YKL-40 in human astrocytes
can make the cells acquire the ability to invade
like tumor cells, and have radiation and low
serum tolerance at the same time, which sug-
gested that YKL-40 may be a protective factor
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Figure 4. Effects of YKL-40 on the expression of EMT related genes.
A: PC3 cells; B: DU-145 cells; *P<0.05; **P<0.01; ***P<0.001.

for cell survival [13]. YKL-40 can inhibit the
apoptosis signal kinase-1 (SAK-1), phosphory-
lation of p38 and JNK1/2 signaling pathways
and apoptosis induced by TNF-a by phosphory-
lation of PI3BK/AKT signaling pathway [14]. YKL-
40 can also promote vascular endothelial cells
and smooth muscle cells adhesion, migration
and rearrangement in order to form new blood
vessels [15, 16]. Recent clinical studies have
shown that the expression level of YKL-40 is
positively correlated with tumor metastasis
and patient survival [17]. However, the mecha-
nism of YKL-40 in tumor metastasis is not clear.

In this study, we investigated the relationship
between YKL-40 and tumor migration and inva-
sion in human prostate. It was found that the
expression of YKL-40 in human prostate cancer
tissues was significantly higher than that in
adjacent tissues. The migration and invasion of
DU145 cells with high expression of YKL-40
was significantly higher than that of PC3 cells

Am J Transl Res 2017;9(8):3749-3757
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with low expression of YKL-40. Down regulation
of YKL-40 expression in DU145 cells decreased
their migration and invasion ability, while up
regulation of YKL-40 expression in PC3 cells
enhanced their migration and invasion ability.
These results suggested that the expression
level of YKL-40 was closely related to the migra-
tion and invasion of prostate cancer cells.

Epithelial mesenchymal transition (EMT) is a
physiological phenomenon in the development
process. In view of the fact that EMT is an effec-
tive way for the migration of epithelial cells,
more than 90% of the invasive and metastatic
pathways of malignant tumors are related to
EMT [18]. In vivo and in vitro experiments
showed that EMT was the main mode of prima-
ry infiltration and secondary metastasis of
breast cancer, colon cancer, lung cancer, pros-
tate cancer, liver cancer and pancreatic cancer
[19-22]. In patients with primary liver cancer,
EMT cells increase tumor cell infiltration [23].
Epithelial cell specific E-cadherin expressed in
non invasive epithelial tumor cells. When EMT
occurs, the expression level of E-cadherin
decreased or disappeared, and the cancer cells
became invasive. The decreased expression
level of E-cadherin and EMT may be a reversible
process caused by tumor microenvironment
[24]. In this study, we found that YKL-40 could
induce the occurrence of EMT in prostate can-
cer. The expression level of E-cadherin was sig-
nificantly lower in the cells with high expression
level of YKL-40, while the expression levels of
mesenchymal cell markers of N-cadherin and
Vimentin decreased. The expression levels of
EMT related transcription factors Snail, Slug
and Twist in the cells with high expression lev-
els of YKL-40 were higher than those with low
expression level of YKL-40. These results indi-
cated that the expression level of YKL-40 was
positively correlated with the expression level
of EMT related genes, which suggested that
YKL-40 can promote the migration and inva-
sion of tumor cells by regulating EMT. Previous
studies have shown that YKL-40 is involved in
tumor survival, transformation, migration and
invasion by regulating the PI3K/AKT/mTOR sig-
naling pathway and Ras/Raf/MEK/ERK signal-
ing pathway [12, 14]. It was found that activa-
tion of PIBK/AKT signaling pathway is one of
the important characteristics of EMT, which
was associated with tumor migration and inva-
sion [18].
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In summary, YKL-40 is an important gene that
affects the metastasis of prostate cancer, it
may induce EMT in prostate cancer cells by
activating PI3K/AKT signaling pathway and
affect the metastasis of cancer cells by regulat-
ing EMT. The expression level of YKL-40 was
positively correlated with the migration and
invasion of prostate cells, YKL-40 may be a
potential therapeutic target for tumor cell inva-
sion and metastasis.
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