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EFEMP2 promotes colon cancer cell invasion and 
growth through the ERK1/2 signaling pathway
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Abstract: EFEMP2 is an extracellular matrix (ECM) glycoprotein that is a pivotal oncogene in tumor progression 
and metastasis. However, the function of EFEMP2 in colon cancer remains unknown. In this study, we found that 
EFEMP2 was highly expressed in colon cancer cells. Knockdown of EFEMP2 suppressed the growth and invasion 
of colon cancer LoVo and SW620 cells. Moreover, knockdown of EFEMP2 attenuated ERK1/2 activation, as well 
as decreased MMP-3 expression. Taken together, our study demonstrates that EFEMP2 is significantly expressed 
in colon cancer cells. EFEMP2 can promote the growth and invasion of colon cancer cells, possibly by regulation of 
ERK1/2 activation and MMP-3 expression. Therapies targeting EFEMP2 may be an effective strategy for treatment 
of colon cancer.
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Introduction

Colon cancer is one of the most common malig-
nant tumors in the world [1, 2]. It is a heteroge-
nous disease, and diverse molecules and sig-
naling pathways are involved in its development 
and metastasis [3]. Tumor metastasis accounts 
for the major cause of cancer-related death [4]. 
Thus, it is important to reveal the molecular 
mechanisms involved in the metastasis of 
colon cancer.

EGF-containing fibulin-like extracellular matrix 
protein 2 (EFEMP2) is an extracellular matrix 
(ECM) glycoprotein, and acts as a candidate 
oncogene in tumor progression [5]. It is report-
ed that EFEMP2 is upregulated in gliomas, and 
overexpression of EFEMP2 promotes glioma 
cell proliferation and invasion [6]. Using weight-
ed correlation network analysis (WGCNA) co-
expression network analysis, EFEMP2 was 
found to be a pivotal recurrence-associated 
molecular and prognostic indicators in colon 
cancer [7]. Moreover, it was reported that 
expression of EFEMP2 is greatly increased in 
colon cancer tissue and serum patients, and 

EFEMP2 was identified as a serum biomarker 
for the early detection of colon cancer [8]. 
However, the function of EFEMP2 in colon can-
cer has not been clarified. 

In the current study, we found that EFEMP2 was 
highly expressed in colon cancer cells. Fur- 
thermore, cell invasion and growth were investi-
gated, and we sought to explore the effect of 
EFEMP2 on colon cancer cell invasion and 
proliferation.

Materials and methods

Cell culture and reagents

The colon cancer HT-29, LoVo, SW480 and 
SW620 cells were purchased from ATCC. All 
cells were cultured in DMEM medium supple-
mented with 10% fetal bovine serum (FBS). 
Cells were incubated in a humidified incubator 
(37°C, 5% CO2). Antibodies of EFEMP2, ERK1/2 
and β-actin were obtained from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA), while anti- 
phosho-ERK1/2 was obtained from Cell Signa- 
ling Technology (Danvers, MA, USA).
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Real-time PCR

Total RNA was extracted using Trizol reagent 
(Invitrogen), following the manufacturer’s proto-
col. Reversed transcription PCR was performed 
with cDNA Synthesis Kit (Fermentas, Glen 
Burnie, MD, USA). Next, real-time PCR was car-
ried out with cDNA, primers (EFEMP2: forward: 
5’-ACTCAGCTGCCAGAGCAC-3’; reverse: 5’-TC- 
AAAGCAAGACCTGAAGTTC-3’; MMP-3, forward: 
5’-TGCGAGCCCTATACACAGC-3’; reverse: 5’-TCG- 
CCGACAATTACCACATG-3’; β-actin forward: 5’- 
CATGTACGTTGCTATCCAGGC-3’; reverse: 5’-CT- 
CCTTAATGTCACGCACG-3’) and real-time PCR 
mix (Applied Biosystems, Foster City, CA, USA). 
β-actin expression was used as an internal con-
trol, and the data were calculated using the 
2-ΔΔCT method [9].

Western blotting

Cells were lysed in RIPA lysis buffer, and protein 
concentration was determined using BCA 
Protein Assay Kit (Pierce Company, Rockford, 
IL, USA). The protein was added into 10% SDS-
PAGE gel, and then transferred to PVDF mem-
brane. After blocking in 5% BSA for 1 hour, the 
membrane was incubated in primary antibod-
ies at 4°C overnight. Next, the membrane was 
washed with 5% BSA for three times, and then 
incubated with secondary antibodies. Finally, 
the bands were developed by Enhanced Ch- 
emiluminescence (ECL) Plus detection system 
(Pierce Company, Rockford, IL, USA).

siRNA transfection 

EFEMP2 siRNA (siEFEMP2) was purchas- 
ed from Genchem Biotechnology Company 
(Shanghai, China). A scramble siRNA was pur-
chased as control siRNA (siNC). Cells were 
transfected with siRNA using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA), accord-
ing to the manufacturer’s instructions. The 
knockdown efficiency was determined by west-
ern blotting.

Invasion assay

Invasion assay was performed with a 24-well 
transwell plate (Corning Incorporated, Corning, 
NY, USA). Briefly, the upper chambers were 
coated with 30 μl Matrigel for invasion assay. 
Cells (200 μl) at a density of 3 × 105 cells/ml 
were added into the upper chambers, and 500 

μl of DMEM medium containing 20% FBS was 
added into the lower chambers. 24 hours later, 
the invaded cells were fixed with methanol, and 
stained with crystal blue. Cell number was 
counted under a light microscope in five ran-
dom fields.

CCK-8 assay

After transfection of siRNA, cells were seeded 
in a 96-well plate at the density of 1 × 103 cells/
well. Then cells were further incubated in the 
medium for 36 h or 72 h. CCK-8 was added into 
the plate and incubated for 2 h. Optical density 
(OD) was measured by microplate reader (Bio-
Rad Model 680) at 490 nm, and relative cell 
growth was obtained through (OD of siEFEMP2/
OD of siCon) × 100%.

ELISA assay

After knockdown of EFEMP2 by siRNA, cells 
were further incubated for 60 h. Next, the 
supernatant was collected, MMP-3 ELISA kit 
(Invitrogen) were used to measure the protein 
level of MMP-3, according to the manufactur-
er’s instruction. 

Statistical analysis

The experiments were performed three times. 
Statistical analysis was performed using SPSS 
17.0 (SPSS Inc., Chicago, IL). Student’s t test 
was used for comparison between two groups. 
P values <0.05 were considered significant.

Results

EFEMP2 expression is highly expressed in co-
lon cancer cells

EFEMP2 expression was examined by real-time 
PCR and western blotting in the colon cancer 
HT-29, LoVo, SW480 and SW620 cells. As 
shown in Figure 1, the results showed that the 
mRNA and protein levels were significantly 
highly expressed in all detected colon cancer 
cells. 

Knockdown of EFEMP2 suppresses colon can-
cer cell growth 

To investigate the role of EFEMP2 in colon can-
cer, EFEMP2 expression was silenced by siRNA 
in LoVo and SW620 cells (Figure 2A). Fur- 
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thermore, CCK-8 assay was performed to 
examine the role of EFEMP2 in cell growth in 
LoVo and SW620 cells. The results showed that 
knockdown of EFEMP2 greatly suppressed the 
growth of LoVo and SW620 cells (Figure 2B and 
2C), indicating that EFEMP2 is involved in colon 
cancer cell growth. 

EFEMP2, an extracellular matrix (ECM) glyco-
protein, has been found to participate in tumor 
development. It is reported that EFEMP2 is a 
promising serum biomarker for early detection 
of colon cancer [8]. However, the molecular 
mechanisms of EFEMP2 in colon cancer have 
not been established. In this current study, we 

Figure 1. Expression of EFEMP2 in colon cancer cells. A. The mRNA level of 
EFEMP2 in HT-29, LoVo, SW480 and SW620 cells. B. The protein level of 
EFEMP2 in HT-29, LoVo, SW480 and SW620 cells.

Figure 2. Cell growth was determined by CCK-8 assay. A. Effect of EFEMP2 
knockdown on the growth of LoVo cells. B. Effect of EFEMP2 knockdown on 
the growth of SW620 cells. *P<0.05.

Knockdown of EFEMP2 sup-
presses colon cancer cell 
invasion

After knockdown of EFEMP2 
by siRNA, invasion assay was 
carried out to examine the 
function of EFEMP2 in colon 
cancer cells. Using invasion 
assay, we found that knock-
down of EFEMP2 inhibited the 
invasion of LoVo and SW620 
cells (Figure 3A and 3B). Th- 
ese data suggest that EFEMP2 
contributes to colon cancer 
invasion. 

Knockdown of EFEMP2 sup-
presses ERK1/2 pathway

ERK1/2 pathway plays an 
important role in the progres-
sion of colorectal cancer [10]. 
Using western blotting, we fo- 
und that knockdown of EF- 
EMP2 downregulated the acti-
vation of ERK1/2 in LoVo and 
SW620 cells (Figure 4). These 
findings suggest that EFEMP2 
participates in the activation 
of the ERK1/2 pathway in 
colon cancer cells. 

Knockdown of EFEMP2 sup-
presses MMP-3 expression

Matrix Metalloproteinases 
(MMPs) act as critical players 
in tumor invasion and metas-
tasis [11, 12]. Here, we found 
that knockdown of EFEMP2 
markedly decreased MMP-3 
expression, at both the mRNA 
and protein level (Figure 5A 
and 5B).

Discussion
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Figure 4. Knockdown of EFEMP2 expression decreased ERK1/2 activity. 
LoVo and SW620 cells were transfected with siEFEMP2 or siCon, respec-
tively. ERK1/2 activation was determined by western blotting. *P<0.05.

Figure 3. Cell invasion ability was detected by invasion assay. A. Effect of 
EFEMP2 knockdown on the invasion of LoVo cells. B. Effect of EFEMP2 
knockdown on the invasion of SW620 cells. *P<0.05.

found that EFEMP2 was highly expressed in 
colon cancer cells. Knockdown of EFEMP2 sup-
pressed colon cancer cell growth and invasion. 
Moreover, knockdown of EFEMP2 attenuated 

ERK1/2 activation, and de- 
creased MMP-3 expression. 

Using weighted gene co-
expression network analy- 
sis (WGCNA), Zhai et al. has 
observed that EFEMP2 is 
overexpressed in colon cancer 
tissues, and - is a molecular 
and prognostic indicator for 
recurrence in colon cancer [5]. 
In this study, we detected the 
mRNA and protein levels of 
EFEMP2 in colon cancer cells, 
including HT-29, LoVo, SW480 
and SW620 cells. Our results 
showed that EFEMP2 was 
highly expressed in colon can-
cer cells, suggesting an impor-
tant role of EFEMP2 in colon 
cancer. 

Using gene expression-based 
classification, Lakes et al. 
have found that EFEMP2 can 
promote glioblastoma prolifer-
ation [13]. However, the func-
tion of EFEMP2 in colon can-
cer is not well characterized. 
In this study, we found that 
EFEMP2 could promote the 
growth of colon cancer LoVo 
and SW620 cells. Zuo et al. 
have found that EFEMP2 can 
greatly elevate the invasion 
ability of breast cancer MCF-7 
and MBA-MD-231 cells [14]. 
Here, our study showed that 
EFEMP2 played a positive role 
in the invasion of colon cancer 
cells. 

As one important member of 
the MAPK signaling pathways, 
ERK1/2 kinases are involved 
in regulating tumor prolifera-
tion and metastasis [15, 16]. 
In this study, we found that 
knockdown of EFEMP2 mark-
edly suppressed ERK1/2 acti-
vation, indicating that EFEMP2 

may exert its role in colon cancer cells by the 
ERK1/2 pathway. MMPs contribute to invasion 
and metastasis in tumor progression [17, 18]. It 
is reported that EFEMP2 significantly increases 
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the invasive ability of glioma cells by MMP-2 
and MMP-9 upregulation [6]. In our study, we 
found that knockdown of EFEMP2 significantly 
decreased MMP-3 expression, suggesting that 
EFEMP2 may enhance colon cancer cell inva-
sion by upregulating MMP-3 expression. 

In summary, our study demonstrated that 
EFEMP2 was highly expressed in colon cancer 
cells. EFEMP2 could enhance colon cancer cell 
growth and invasion, possibly by regulating 
ERK1/2 activation and MMP-3 expression.
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