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Abstract: Objective: To explore the effects of lumican on invasion and migration abilities of colon cancer cells and
the relevant mechanism. Methods: The expression of lumican in four colon cancer cell lines (SW480, SW620,
HCT-8 and LOVO) and the human colonic epithelial cells CCD-18Co was detected by western blotting. Lumican was
silenced by constructing lentivirus and transfecting into SW480 and HCT-8 cells. The efficiency of silencing was de-
tected by qRT-PCR and western blotting. The effect of lumican siRNA on invasion and migration of colon cancer cells
was detected by transwell assay and wound scratch assay. The expression of metastasis-related proteins vascular
endothelial growth factor (VEGF) and metal matrix proteinase (MMP)-9 was detected by western blotting. The level
of ERK1, p-ERK1, JNK and p-JNK was also detected by western blotting. Finally, the effects of lumican on tumor
growth and metastasis were detected in colon cancer xenograft. Results: The expression level of lumican was sig-
nificantly increased in colon cell lines compared with CCD-18Co. Lumican was then silenced by transfecting siRNA
into SW480 and HCT-8 cells. The decreased invasive cell number with reduced wound closing rate was detected
in SW480 and HCT-8 cells transfected with lumican siRNA compared with control group. The decreased level of
metastasis-related proteins VEGF and MMP-9 further convinced the inhibitory effect of lumican siRNA transfection
on the motility of colon cancer. In addition, the expression of ERK/JNK pathway proteins was strongly suppressed
under lumican siRNA treatment. Finally, the in vivo experiment revealed that lumican-siRNA strongly reduced the
tumor growth and tumor volume. Besides, lumican-siRNA transfection inhibited tumor metastasis via suppressing
the expression of metastasis-related proteins. The level of p-ERK1/2 and p-JNK was also reduced treated with
lumican-siRNA. Conclusions: The inhibiting of lumican restrains the invasion and migration abilities of colon cancer
and may through inhibiting ERK/JNK signaling pathway. Lumican may become a biological marker for predicting
progression and prognosis of colon cancer.
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Introduction proved significantly, but the 5-year survival rate
is still around 50% [3]. Therefore, investigation

Colon cancer is one of the most malignant tu- on mechanisms of invasion and migration and

mors in China, with increasing incidence and
mortality. According to relevant statistical data,
the mortality of colon cancer has ranked the
second among all cancer-related deaths, and
half of the patients have distant metastasis [1,
2]. The onset of colon cancer is occult, without
evident symptoms in the early stage. More se-
vere, colon cancer in the middle and advanced
stages was often accompanied by tumor me-
tastasis. With rapid advances in the surgery-
based comprehensive treatment, the progno-
sis of patients with colon cancer has been im-

searching for the targets for early diagnosis and
monitoring on the treatment effect are con-
stantly the focus in studies on colon cancer.

The extracellular matrix (ECM) is closely related
to tumor invasion and migration. Pathological
changes can be observed during tumor infiltra-
tion and metastasis, including adhesion of the
tumor cells to ECM and invasion into the matrix
[4-6]. Lumican, a poly-membrane protein, is an
essential component of ECM. The human Lumi-
can gene is located at chromosome 12g21.3-
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022 [7]. Lumican plays an important role in
regulating the balance of extracellular water.
Lumican has also been suggested to regulate
cell proliferation and metastasis in various tu-
mors [8]. There is a relationship between lumi-
can expression and growth of tumor cells in the
interstitial tissues adjacent to cells; Lumican
expression is possibly an important factor in
invasion of pancreatic tumor cells [9]. Beyrau
et al. has shown that lumican is involved in
the transmission of tumor inflammation-rela-
ted signals by binding to 2, aM and oL inte-
grin subunits of polymorphonuclear leukocy-
tes. Besides, inflammation response may des-
troy the body’s immune system, leading to the
occurrence of tumors [10]. However, the effect
of lumican in colon cancer has been seldom
reported, especially the effect of lumican on
tumor invasion and migration and the related
mechanisms.

In this study, we investigated the effect of lumi-
can on the motility of the colon cancer and
found that lumican was overexpressed in colon
cell lines compared with CCD-18Co cells. The
inhibiting of lumican effectively restrained the
invasion and migration abilities of colon cancer
in vitro and in vivo and may through inhibiting
ERK/JNK signaling pathway.

Materials and methods
Cell lines and culture

The human colon cancer cell lines SW480,
SW620, HCT-8, LOVO and the human colonic
epithelial cells CCD-18Co were purchased from
Wuhan University Cell Collection Center. Cell
culture conditions: SW480, SW620 and CCD-
18Co were cultured in RPMI 1640 containing
10% fetal calf serum at 37°C, 5% CO,; HCT-8
and LOVO were cultured in RPMI DMEM con-
taining 10% fetal calf serum at 37°C, 5% CO.,,.
The fetal calf serum was purchased from Gibco.
The RPMI 1640 and RPMI DMEM media were
obtained from HyClone.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA from each cell line were extracted
using the Trizol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s in-
structions. The extracted RNA was then eluted
with RNase-free water and stored at -80°C.
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gRT-PCR was performed by using SYBR-green
PCR Master Mix in a Fast Real-time PCR 7500
System (Applied Biosystems). The RT-PCR prim-
ers for lumican were purchased from GeneCo-
poeia (SanDiego, California, USA). The specific
primers were as follows: lumican (5-TCGAGC-
TTGATCTCTCCTAT-3’ forward and 5-TGGTCCC-
AGGTCTTACAGAA-3’ reverse). GAPDH was used
as the internal control of the mRNA. Fold ch-
ange of lumican was calculated by the equa-
tion 2-84Ct,

Western blot analysis

Cell samples were lysed in lysis buffer (Beyo-
time, China). The samples mixed with loading
buffer were incubated in boiling water for 10
min. 20-30 ug protein was separated through
SDS-PAGE and then transferred onto Polyvinyl-
idene Fluoride (PVDF) membranes (Millipore,
Massachusetts, USA). The membranes were
blocked in PBS with 0.1% Tween 20 containing
5% nonfat milk for 2 h at room temperature,
and then were incubated with the primary anti-
bodies and the corresponding HRP-conjugated
secondary antibodies. The primary antibodies
of lumican, vascular endothelial growth factor
(VEGF), metal matrix proteinase (MMP)-9, ER-
K1, p-ERK1, JNK and p-JNK were purchased
from Abcam (ab168348, ab17942, ab50011,
ab179461 and ab76572). Membranes were
extensively washed several times. Proteins
were detected using a ChemiDoc XRS imaging
system and Quantity One analysis software
(Bio-Rad, San Francisco, California, USA). U6
and GAPDH (Abcam) were used as endogenous
references.

Cell transfection

SiRNA fragments targeting lumican were de-
signed and purchased from Invitrogen (USA).
The scramble fragments were designed as the
negative control of lumican. The SW480 and
HCT-8 cells were seeded in 24-well plates at 1
x 105 cells per well. lumican siRNA and siRNA
scramble were transfected into SW480 and
HCT-8 cells using Lipofectamine 2000 accord-
ing to the protocol (Invitrogen, USA). Cells were
harvested for subsequent experiments after
transfection for 24 hours.

Wound-healing assay

Wound-healing assay was performed to evalu-
ate the migration rate of SW480 and HCT-8
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Figure 1. Lumican is highly expressed in colorectal cancer cell lines. Relative
expression of lumican in colon carcinoma cell lines (SW480, SW620, HCT-8
and LOVO) and normal human colonic epithelial cells lines (CCD-18Co) was
detected through qRT-PCR (A) and western blot (B) (""P < 0.01 versus CCD-
18Co). (C) Relative protein expression of lumican in each cells was quanti-
fied using Image-Pro Plus 6.0 software and normalized to GAPDH. Data are
represented as the mean + SD of three experiments.
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Figure 2. SiRNA transfection effectively reduces the level of lumican. Two
colon cancer cell lines SW480 and HCT-8 were transfected with lumican
siRNA or scramble, respectively. A. The expression of lumican in SW480 and
HCT-8 cells was detected through western blotting. GAPDH was used as an
endogenous reference. B. Histogram represents the statistical analysis of

were used in invasion assays
of SW480 and HCT-8 cells.
Firstly, 200 pl serum-free me-
dium containing 1 x 10° cells/
well was added into the up-
per chamber, and the lower
chamber contained 0.6 ml
medium containing 20% FBS.
After incubation at 37°C for
24 h, non-invading cells on
the upper membranes were
removed with a cotton swab.
The migrated or invaded cells
were fixed in 95% ethanol,
stained with hematoxylin. The
cell numbers were counted by
Image J software and photo-
graphed under an inverted
microscope on 10 random
fields in each well. Each ex-
periment was independently
repeated in triplicate.

Colon cancer xenografts

Specific pathogen-free (SPF)
athymic nude mice (male, six
to eight weeks of age) were
housed and manipulated ac-
cording to the protocols ap-
proved by the Experimental
Animal Center of the South-
west Medical University. For
researching tumorigenicity of
lumican in vivo, SW480 cells
were transfected with lumi-
can siRNA or siRNA scram-
ble, respectively. Each mouse

the changes in the expression of lumican (P < 0.01 versus scramble group).

cells transfected with lumican siRNA/siRNA
scramble. To accomplish this, 1.5 x 10° cells/
well were seeded in 6-well plates and cultured
overnight until the cells reached 90% conflu-
ence. A straight scratch was created by a ste-
rile pipette tip. The destroyed cells were rinsed
off with PBS 3 times gently and cultured in
medium for another 24 h. Cell migration was
observed and imaged at O h and 24 h with a
digital camera (Leica DFC300FX).

Trans-well invasion assays

Two transwell invasion chambers with Matrigel
(2 mg/ml) (Becton-Dickinson, New Jersey, USA)
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was subcutaneously inocu-
lated with 1 x 10" SW480
cells transfected with lumi-
can siRNA or scramble (fluorescent-labeled) in
50% Matrigel (BD Biosciences). After the de-
velopment of a palpable tumor, the tumor vol-
ume was monitored every 6 days and assess-
ed by measuring the 2 perpendicular dimen-
sions using a caliper and the formula (a x b?)/2,
where a is the larger and b is the smaller dimen-
sion of the tumor. At 30 days after inoculation,
the mice were killed and tumor weights were
assessed. Tumors from each mouse were ran-
domly selected for immunohistochemical (IHC)
analysis. All the animal experiments were per-
formed according to relevant national and inter-
national guidelines and were approved by the
Animal Experimental Ethical Committee.
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Figure 3. The inhibition of lumican reduces cell invasion ability of colorectal cancer. A. The invasive cells were de-
tected by transwell invasion assays in SW480 and HCT-8 cells. B. Histogram represents the statistical analysis of

Wound-healing assay. Data are represented as the mean + SD of three experiments.

group.

Statistical analysis

The results are presented as the mean * the
standard error of the mean of 3 replicates. Dif-
ferences between means were analyzed using
Student’s t test. The difference was considered
statistically significant at P < 0.05.

Results

Lumican is highly expressed in colorectal can-
cer cell lines

To determine whether lumican was involved in
the development of colon cancer, the expres-
sion of lumican in colorectal cancer tissues and
cell lines was detected through gRT-PCR. As
shown in Figure 1A, The RNA expression level
of lumican was significantly increased (range
from 7-fold to 13-fold) in a panel of human
colon cancer cell lines compared with normal
human colonic epithelial cells lines CCD-18Co
(""P < 0.01, Figure 1A). The western blot analy-
sis further convinced the elevated expression
of lumican in colon cancer cells compared with
CCD-18Co group (Figure 1B and 1C). These
results suggest that lumican is highly expressed
in colon cancer.

SiRNA transfection effectively reduces the
level of lumican

Considering the high expression of lumican in
colon cancer cells, we then silenced the expres-
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ko

P < 0.001 versus scramble

sion of lumican by transfecting siRNA frag-
ments specific for targeting Iumican into
SWA480 and HCT-8 cells. The results indicated
that the mRNA and protein expression level of
lumican was significantly decreased in both
SW480 and HCT-8 cells (""P < 0.01, Figure 2).

The inhibition of lumican reduces cell motility
of colorectal cancer

We next investigated the role of lumican siRNA
in regulating the migration and invasion ability
in colon cancer cells. The number of invasive
cells was decreased over 7 times in SW480
and HCT-8 cells transfected with lumican siRNA
compared with scramble group ("*P < 0.001,
Figure 3). Besides that, the results of wound
healing assays showed a large closure of the
gap in scramble group, whereas, a negligible
effect on the closing rate of scratch wounds
was seen in the lumican siRNA group compared
with scramble group (“*P < 0.01, Figure 4).
Moreover, the expression level of tumor metas-
tasis-related proteins (MMP-9 and VEGF) were
largely decreased by lumican siRNA ("P <
0.01, Figure 5). These results indicate that the
inhibition of lumican reduces cell motility of
colorectal cancer.

The inhibition of lumican inactivates ERK/JNK
signaling

The related signaling was then investigated in
colon cancer cells. No significant change was

Int J Clin Exp Med 2017;10(6):8875-8883
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observed in the expression of ERK1 and JNK (P
> 0.05). However, the level of p-ERK1 and
p-JNK was obviously down-regulated in SW480
and HCT-8 cells transfected with lumican siRNA
compared with scramble group (P < 0.01,
Figure 6). The results above indicate that the
inhibition of lumican inactivated ERK/JNK sig-
naling in colon cancer cells.

The inhibition of lumican suppresses tumor
growth and metastasis in colon cancer xeno-
grafts

To investigate the effect of lumican siRNA on
colon cancer growth and metastasis in vivo,
xenograft mouse model was created by subcu-
taneous injection of SW480 cells pretreated
with lumican siRNA or scramble to SPF nude
mice. Lumican siRNA effectively suppressed
tumor formation and tumor volume compared
with scramble group ("P < 0.05, Figure 7A, 7B).
The level of tumor metastasis-related proteins
MMP-9 was significantly decreased in lumican
siRNA treated mice tissue compared with
scramble group (Figure 7C). Besides that, the
level of lumican, p-ERK1 and p-JNK was strong-
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Figure 4. The inhibition of lumican
reduces cell migration ability of
colorectal cancer. A. The migra-
tion rate of SW480 and HCT-8 cells
observed through wound-healing
assays. B. Histogram represents
the statistical analysis of wound-
healing assays. Data are repre-
sented as the mean * SD of three
experiments. P < 0.001 versus
scramble group.

lumican siRNA

ly decreased in lumican siRNA group mice com-
pared with scramble group (“P < 0.01, Figure
7D, TE). These results indicated that the lumi-
can siRNA restrained the growth and metasta-
ses of colon cancer in vivo and may inactivate
the ERK1/JNK signaling pathway.

Discussion

Tumor infiltration and metastasis is a compli-
cated process with multiple steps. To achieve
metastasis, tumor cells must first infiltrate the
ECM. Then, tumor cells can bind to ECM com-
ponents, move to the infiltration area, pass th-
rough the matrix and result in metastasis [11-
14]. Thus, ECM plays an essential role in tumor
metastasis. Lumican is an important compo-
nent of ECM. Many studies have shown that the
leucine-rich proteoglycan family plays a major
role in regulating cellular activities, including
cell movement, tissue repair and tumor prolif-
eration, as well as in ECM tissue hydration
and collagen formation, etc [15, 16]. In recent
years, several studies have demonstrated that
lumican plays an critical part in tumor prolifera-
tion, apoptosis, infiltration and metastasis [17-

Int J Clin Exp Med 2017:10(6):8875-8883
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Figure 5. The inhibition of lumican suppresses the expression of metastasis proteins. (A) The expression of MMP-9
and VEGF in SW480 and HCT-8 cells were detected through Western blotting. GAPDH was used as an endogenous
reference. Relative protein expression of MMP-9 (B) and VEGF (C) in SW480 and HCT-8 cells was quantified using
Image-Pro Plus 6.0 software and normalized to GAPDH. Data are represented as the mean + SD of three experi-
ments. **P < 0.01 versus scramble group.
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Figure 6. The inhibition of lumican inactivates ERK/JNK signaling. A. The expression of ERK1, p-ERK1, JNK and
p-JNK in SW480 and HCT-8 cells was detected through Western blotting. GAPDH was used as an endogenous refer-
ence. B. Relative protein expression of each protein in SW480 and HCT-8 cells was quantified using Image-Pro Plus
6.0 software and normalized to GAPDH. Data are represented as the mean * SD of three experiments. P < 0.01

versus scramble group.

19]. Our study investigated the effect of lumi-
can on the motility of colon cancer.

As a member of a small leucine-rich proteogly-
can family, the overexpression of lumican has
been reported in breast [20], colorectal [21],
uterine cervical [22] and pancreatic cancers
[9]. Seya T et al. indicated that lumican expres-
sion was a potential prognostic factor in pa-
tients with advanced colorectal cancer with no-
dal metastasis [21]. Reports also has shown
that lumican overexpression is associated with
poor prognosis of pancreatic cancer [9]. In ac-
cordance with theses reports, high expression
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of lumican was detected in colon cancer cell
lines compared with human colonic epithelial
cells CCD-18Co, suggesting the tumorigenesis-
promoting role of lumican.

The expression of lumican also correlates with
the metastasis of various malignancies. Report
indicated that lumican in stromal tissues plays
an important role in the invasion of pancreatic
cancer [9]. Report indicated that the increasing
invasion of colorectal cancer with higher posi-
tive rate of lumican was observed in colon can-
cer tissues compared with healthy tissues [23],
suggesting that lumican is closely related to the

Int J Clin Exp Med 2017;10(6):8875-8883
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scription factors and thereby
regulating the biological be-
haviors and functions of cells
[25]. Studies have suggested
that the invasion and metas-
tasis of breast cancer is asso-
ciated with abnormal activa-
tion of ERK/MAPK signaling
pathways [26]. In gastric can-
cer cells, protease-activated
receptor-2 induces the expre-
ssion of VEGF and cyclooxy-
genase-2 by activating the
ERK1/2 and p38 signaling
pathways, thereby promoting
angiogenesis and metastasis
of gastric cancer cells [27]. In
this study, the expression lev-
els of p-ERK1/2 and p-JNK
was significantly decreased
after silencing lumican, sug-
gesting that reduced level of
lumican down-regulated the
expression of p-ERK1/2 and
p-JNK, and lumican could in-
fluence the functions of colon
cancer cells through inacti-
vating the MAPK signaling
pathway.

30

EE scramble
B [umican siRNA

scramble were injected into BALB/c nude mice. A. Representative tumors

from two groups were shown (n = 5). B. Tumor growth trend in SW480-lumi-
can siRNA mice and SW480-scramble mice was showed. C. The production
of migration markers MMP-9 in formalin-fixed, paraffin-embedded tumors
from SW480-lumican siRNA mice and SW480-scramble mice was detected
through IHC analysis. D. The expression of lumican, p-ERK1 and p-JNK in
each group was detected through Western blotting. GAPDH was used as an
endogenous reference. E. Relative protein expression of each protein was
quantified using Image-Pro Plus 6.0 software and normalized to GAPDH.
Data are represented as the mean + SD of three experiments. P < 0.05, P

< 0.01 versus scramble group.

metastasis of colorectal cancer. Consistent
with these results, the would closing rate and
invasive cell numbers was decreased with re-
strained expression of VEGF and MMP-9 were
measured in SW480 and HCT-8 cells transfect-
ed with lumican siRNA compared with scramble
group. These results indicate that the inhibition
of lumican effectively suppresses the motility
of colon cancer.

MAPK (mitogen-activated protein kinases) is a
class of intracellular serine/threonine protein
kinase, playing an important role in cell prolif-
eration, apoptosis and intercellular function sy-
nchronization [24]. The phosphorylation of MA-
PK induces the activation of some nuclear tran-
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Taken together, our study
investigated the role of lumi-
can in the metastasis of colon
cancer and found that lumi-
can was overexpressed in
colon cancer cell lines. After
silencing lumican by siRNA,
the invasion and migration
abilities of colon cancer was
significantly inhibited with re-
duced expression level of ERK1/JNK pathway.
Finally, the in vivo experiment revealed that lu-
mican siRNA strongly reduced the tumor grow-
th and metastasis via suppressing the expres-
sion of metastasis-related proteins and ERK1/
JNK pathway. These findings suggest that lumi-
can may be involved in invasion and migration
of colon cancer, and lumican may become a
biological marker for predicting progression
and prognosis of colon cancer.
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