
©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 6981-6994 (2014)

Long interspersed nucleotide acid element-1 
ORF-1 protein promotes proliferation and 
invasion of human colorectal cancer LoVo 
cells through enhancing ETS-1 activity 

M.Y. Li1*, M. Zhu1*, F. Feng2*, F.Y. Cai1, K.C. Fan1, H. Jiang1,
Z.Q. Wang1 and E.Q. Linghu1

1Department of Gastroenterology, Nan Lou Division,
Chinese PLA General Hospital, Beijing, China
2Department of Pharmacy, General Hospital of Shenyang Military Command, 
Shenyang, China

*These authors contributed equally to this study.
Corresponding authors: Z.Q. Wang / E.Q. Linghu
E-mail: zhiqiangwangcn@163.com / enqianglinghu@126.com

Genet. Mol. Res. 13 (3): 6981-6994 (2014)
Received April 26, 2013
Accepted September 20, 2013
Published April 14, 2014
DOI http://dx.doi.org/10.4238/2014.April.14.13

ABSTRACT. The human proto-oncogene long interspersed nucleotide 
acid element-1 (LINE-1) open reading frame-1 protein (ORF-1p) is 
involved in the progress of several cancers. The transcription factor 
ETS-1 can mediate the transcription of some downstream genes that play 
specific roles in the regulation of cancerous cell invasion and metastasis. 
In this study, the effects of LINE-1 ORF-1p on ETS-1 activity and on the 
proliferation and invasion of human colorectal cancer LoVo cells were 
investigated. Results showed that the overexpression of LINE-1 ORF-
1p enhanced the transcription of ETS-1 downstream genes and increased 
their protein levels, and downregulation of the LINE-1 ORF-1p level by 
small interfering RNA (siRNA) reduced the transcriptional activation of 
ETS-1. In addition, overexpression of LINE-1 ORF-1p promoted LoVo 
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cell proliferation and anchor-independent growth, and a knockdown of 
the LINE-1 protein level by siRNA reduced the proliferation and anchor-
independent growth ability of LoVo cells. In vivo data revealed that 
LINE-1 ORF-1p overexpression increased LoVo tumor growth in nude 
mice, whereas the siRNA knockdown of endogenous LINE-1 ORF-1p 
expression decreased LoVo cell growth in nude mice. Therefore, LINE-
1 ORF-1p could promote LoVo cell proliferation and invasion both in 
vitro and in vivo, indicating that it might be a useful molecular target for 
the treatment of human colorectal cancer.

Key words: LINE-1 ORF-1p; ETS-1; Colorectal cancer LoVo cell; 
Transcriptional activation; Proliferation; Anchor-independent growth

INTRODUCTION

Human proto-oncogene long interspersed nucleotide acid element-1 (LINE-1) is a 
human retrotransposon gene. The expression of LINE-1 in normal tissues and cells is very 
low (Roman-Gomez et al., 2005; Goodier et al., 2007), but increases significantly and shows 
greater activity in most immortalized and malignant cells (Pornthanakasem et al., 2008). Ac-
tivated LINE-1 can also promote a variety of tumor cell transformations (Gasior et al., 2006; 
Xing et al., 2009), and is closely related with the development of a variety of tumors, such as 
breast cancer, lung cancer, and others (Estécio et al., 2007). The LINE-1 gene consists of two 
open reading frame (ORFs), ORF-1 and ORF-2, which encode the proteins LINE-1 ORF-1p 
and LINE-1 ORF-2p, respectively (Roman-Gomez et al., 2005). Previous studies of LINE-1 
ORF-2p has mainly concentrated on the obvious retrotransposon activation of LINE-1 (Gasior 
et al., 2006; Goodier et al., 2007; Pornthanakasem et al., 2008). However, the specific roles 
and detailed mechanisms of LINE-1 ORF-1p remain largely unknown. LINE-1 ORF-1p can 
bind with its own DNA and RNA, playing roles as a LINE-1 ORF-2p co-regulator (Gasior 
et al., 2006; Goodier et al., 2007; Pornthanakasem et al., 2008; Xing et al., 2009). LINE-1 
ORF-1p is widely expressed in tumor tissues, and likely promotes cell carcinogenesis through 
affecting the structure of chromatin (Roman-Gomez et al., 2005; Martin, 2006; Estécio et 
al., 2007). Furthermore, our preliminary findings (Gao et al., 2010, 2011; Feng et al., 2012; 
Wang et al., 2012) have indicated that, by itself, LINE-1 ORF-1p could promote the prolifera-
tions and anchorage-independent growth of human colorectal cancer (HCC) cell lines such as 
HepG2, BEL-7402, and SMMC-7721, the liver source immortalized cell line LO2, the breast 
cancer cell line MCF-7, and the lung cancer cell lines A549 and H460. Results of our previous 
studies have also revealed that LINE-1 ORF-1p can promote the transcriptional activity of the 
estrogen receptor (ER) (Wang et al., 2012) and androgen receptor (AR) (Li MS and Zhu M, 
unpublished results); however, the regulating activity of LINE-1 ORF-1p in other transcrip-
tion factors and nucleus receptors has not yet been reported.

Transcription factor ETS-1 is an important downstream response factor of receptor ty-
rosine c-Met (Saeki et al., 2002), and plays an important role in tumor development and invasion 
(Jiang et al., 2001). ETS-1 could mediate the transcription of a variety of invasion-related genes 
including MMP-1, MMP-9, u-PA, and c-Met, which are all downstream genes of ETS-1 (Bu et 
al., 2006). Previous studies have suggested that constitutive overexpression of the c-Met gene 
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in a variety of tumor cells could increase the ETS-1 transcriptional activity. Activated ETS-1 
further enhances the transcription of c-Met (Bu et al., 2006; Jin et al., 2011). Such a positive 
feedback regulation loop might lead to increased invasive abilities of tumor cells; therefore, 
blocking this mechanism might be an effective way to reduce tumor cell invasion and metastasis.

Colorectal cancer seriously harms human health, and the discovery and identification 
of colorectal cancer-related markers will be of great significance for identifying the specific 
molecular mechanism underlying the occurrence and development of this disease. HCC is 
characterized by high aggressive and metastasis activation, and research into the genes related 
to metastasis and invasion may have great significance for colorectal cancer treatment. The 
APC, DCC, MSH2, TP53, and RAS genes play specific roles in the progress of colorectal 
cancer (Rapozo et al., 2009). As an important transcription factor in tumor cell invasion and 
metastasis, ETS-1 shows certain correlations with the clinical staging, prognosis, and progress 
of colorectal cancer (Wai et al., 2006). Basic research has also shown that ETS-1 is involved in 
anti-apoptosis, proliferation, accelerated invasion, and metastasis regulation through promot-
ing the transcription of downstream genes associated with invasion and Cyclin D expression 
(Cho et al., 2007; Peng et al., 2009). The activity of transcription factors is modulated by a 
large number of co-regulatory factors, including SRC-1, SRC-2, SMRT, and NcoR, among 
others (Harris et al., 2010). It is valuable to identify novel co-regulatory factors for the vari-
ous activities of ETS-1. LINE-1 ORF-1p is a nucleoprotein that is generally highly expressed 
in tumor cells, but its biological function is not yet fully understood. Given the evidence 
that LINE-1 ORF-1p might influence chromatin structure (chromosome large-scale unfold-
ing) (Pei et al., 2005) and modulate the transcriptional activity of ER (Wang et al., 2012), 
AR, PXR, LXR, Smad4, and CAR (Li MS, Zhu M and Wang ZQ, unpublished results), we 
hypothesize that LINE-1 ORF-1p might also be involved in the regulation of colorectal cancer 
via modulating ETS-1 activity. We also found that LINE-1 ORF-1p could increase AR tran-
scriptional activity through its direct interaction and impact on the migration of the nucleus 
and cytoplasm (Li MS, Zhu M and Wang ZQ, unpublished results). In this study, a small in-
terfering RNA (siRNA) expression vector of LINE-1 ORF-1 and a LINE-1 ORF-1 expression 
vector were used. HCC LoVo cells were stably transfected with plasmids. A Western blot assay 
was used to verify the transfected cell lines. The effects of LINE-1 ORF-1p on ETS-1 activity 
and the proliferation and invasion of LoVo cells were investigated. 

MATERIAL AND METHODS

Main instruments and reagents

The sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) instru-
ment was obtained from the Beijing Liuyi Instrument Factory (China), and the semi-trans-
membrane instrument and microplate reader were purchased from Bio-Rad (USA). The fol-
lowing reagents were used: Lipofectamine (Invitrogen Corp., USA), Dulbecco’s modified 
Eagle’s medium (DMEM; Hyclone Company, USA), fetal bovine serum (FBS; Gibco, USA), 
and neomycin G418 (Sigma Company, USA). The following antibodies were used: rabbit anti-
LINE-1 ORF-1p polyclonal antibodies (Cui et al., 2011), anti-GADPH polyclonal rabbit an-
tibody (Sigma), horseradish peroxidase (HRP)-conjugated goat-anti-rabbit IgG (Santa Cruz, 
USA), rabbit anti-ETS-1 monoclonal antibody (Sigma), rabbit anti-MMP-1, anti-MMP-9 
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polyclonal antibody, and anti-Survivin monoclonal antibodies (Santa Cruz). The following 
cells were used: colorectal cancer cell lines LoVo, HR8348, and HT29, the HCC cell line 
HepG2, the breast cancer cell line MCF-7, and the lung cancer cell line A549 (Chinese Acad-
emy of Medical Sciences, China). The plasmids LINE-1 ORF-1p, FLAG-LINE-1 ORF-1p ex-
pression vector and empty vector, LINE-1 ORF-1p siRNA expression vector, and the control 
siRNA vector were constructed according to previously published methods (Gao et al., 2010, 
2011; Feng et al., 2012; Wang et al., 2012). The cDNA sequence of ETS-1 was cloned into a 
pIRES vector linked with FLAG at the amino terminus by polymerase chain reaction using 
the cDNA library (Invitrogen) as a template. The promoter region sequences of the luciferase 
reporter genes MMP-1-Luc, u-PA-Luc, c-Met-Luc, and MMP-9-Luc were synthesized using 
chemical synthesis methods (Gene Ray, USA). The promoter sequences were inserted directly 
into the pGL-4.26 vector (Promega, USA).

Stable transfection of LoVo cells

Plasmids were transfected into LoVo cells using Lipofectamine 2000. The transfected 
cells were cultured in 500 mg/mL G418 for approximately 1-2 months. Then, individual clones 
were screened by Western blot using anti-FLAG monoclonal antibody or anti-LINE-1 ORF-
1p antibody. Similar results were observed with stable transfection or transient transfection, 
individual clones, or pooled clones.

Western blot assay

LoVo cells were seeded and cultured on 6-well plates. Cells were then transfected with 
plasmids and harvested after 48 h. Total protein samples were prepared by SDS-PAGE and 
transprinted to the nitrocellulose membrane, followed by blocking with 10% bovine serum 
albumin in Tris-buffered saline with Tween (TBST) buffer and incubation with antibodies. 
Then, membranes were incubated with HRP-conjugated secondary antibodies, and washed 
with TBST buffer 3 times. Finally, membranes were visualized. The blots were performed 
three times independently and yielded similar results. When incubating the HRP-FLAG 
monoclonal antibody, the blots were visualized without incubating with secondary antibody.

Luciferase analysis

Transfected LoVo cells were seeded on 24-well plates with DMEM supplemented with 
10% charcoal-stripped FBS (Hyclone). Transfections were performed using Lipofectamine 
2000. Cells were co-transfected with luciferase reporters and harvested for the luciferase and 
b-galactosidase activity analyses (Reid et al., 2003).

Co-immunoprecipitation (IP) analysis

LoVo cells were transfected with expression plasmids using Lipofectamine 2000. 
Cells were harvested and lysed in the IP buffer after being cultured for 24 h. The co-IP analysis 
was performed with anti-FLAG monoclonal antibody and then detected by immunoblotting 
(IB; Reid et al., 2003).
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Methylthiazol tetrazolium (MTT) analysis

After transfection with appropriate plasmids, LoVo cells were inoculated on a 96-well 
plate, adding 100 mL 50 mM MTT saturated solution at a fixed time every day. After incuba-
tion for 4 h, the medium was disposed of, and 100 mL 10% SDS solution was added. After 
mixing and oscillation, the optical density (OD) of the solution at 490 nm was detected in a 
microplate reader, and the growth curve was drawn. The OD at 490 nm reflected the relative 
number of viable cells.

Soft agar colony analysis

LoVo cells were stably transfected with plasmids. Then, 500 cells per well were plated 
on a 6-well plate, with a bottom layer of 0.7% low melting temperature agar in DMEM and a 
top layer of 0.25% agar in DMEM. Colonies were scored after 3-4 weeks of growth (Reid et 
al., 2003; Chen et al., 2005; Hu et al., 2010; Zhang et al., 2012).

Nude mice subcutaneous tumor experiments

A total of 5 x 105 LoVo cells were seeded in the right rear of 5-week-old male BALB/c 
nude mice (N = 5), and the exudate at the inoculation site, tumor growth, and nude mice condi-
tion were observed. The maximum (L, cm) and minimum (D, cm) tumor diameters were mea-
sured, and the tumor volume was calculated as follows: tumor volume (cm3) = L2 x D x 1/2. Ap-
proximately 10 weeks after cell transplantation, all mice were sacrificed. The tumor mass was 
dissected, and the tumor mass and nude mice mass were determined. Tumor mass weight was 
used for calculations of relative multiples: (tumor mass weight of experimental group / nude 
mice body weight of experimental group) / (tumor mass weight of control group / nude mice 
body weight of control group). The tumor mass was rinsed with ice-cold 0.9% saline (with the 
addition of 1:500 protease inhibitor), and then placed in a 5-mL centrifuge tube. Immediately 
after, 1 mL lysis buffer (pre-cooled to 0°C) (with 1:500 protease inhibitor) was added, followed 
by homogenization in an ice bath. Western blot analysis was used to analyze the protein expres-
sions of Survivin, MMP-1, and MMP9 in the tumor mass.

Statistical analysis

Statistical analysis was performed using the SPSS 13.0 software. Measurement data 
are reported as means ± standard deviation, and the difference between the two groups was 
analyzed using the least squares difference (LSD) Student t-test; P < 0.05 reflected a statisti-
cally significant difference.

RESULTS

ETS-1 and LINE-1 ORF-1p expression spectra in different tumor cell lines

As shown in Figure 1, LINE-1 ORF-1p and ETS-1 were expressed over a wide range 
of cell types, such as the colon cancer cell lines LoVo, HR8348, and HT29, the HCC cell line 
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HepG2, the breast cancer cell line MCF-7, and the lung cancer cell line A549. ETS-1 was 
highly expressed in LoVo and HepG2 cells, whereas the expression level of LINE-1 ORF-1p 
was relatively lower only in the HT29 colorectal cancer cell line and the breast cancer cell line 
MCF-7. This indicated that ETS-1 was mainly present in highly invasive colorectal cancer cell 
lines (the LoVo malignant degree was the highest) and in tumors with poor prognosis (HepG2 
cell lines), whereas LINE-1 ORF-1p was widely expressed in all tumor cell lines. ETS-1 and 
LINE-1 ORF-1p showed higher expression levels in LoVo cells; therefore, LoVo was selected 
as the colorectal cancer model in our study.

Figure 1. Expression spectrum of LINE-1 ORF-1p and ETS-1 in cancerous cells. Proteins extracted from the 
HR8348, LoVo, HT29, HepG2, MCF-7, and A549 cell lines were analyzed by Western blot with anti-GAPDH, 
anti-ETS-1, anti-LINE-1 ORF-1p.

Modulation of LINE-1 ORF-1p on the transcriptional activity of ETS-1

Luciferase assays were performed to examine whether or not LINE-1 ORF1-p could 
modulate the transcriptional activity of ETS-1 in LoVo cells. Results showed that compared 
with the empty vector, overexpression of LINE-1 ORF-1p in stably transfected LoVo cell lines 
could obviously increase the activity of MMP-1-Luc (Figure 2A), MMP-9-Luc (Figure 2B), u-
PA-Luc (Figure 2C), and c-Met-Luc (Figure 2D). Furthermore, compared with control siRNA, 
LINE-1 ORF-1p siRNA could significantly reduce the activities of reporter genes of MMP-1-
Luc (Figure 2A), MMP-9-Luc (Figure 2B), u-PA-Luc (Figure 2C), and c-Met-Luc (Figure 2D). 
These results suggest that LINE-1 ORF-1p could elevate the transcriptional activity of ETS-1.

Interaction of LINE-1 ORF-1p with ETS-1 in LoVo cells

Interactions between LINE-1 ORF-1p and ETS-1 in LoVo cells were investigated in 
the IP assay. LoVo cells were transfected with the FLAG-LINE-1 ORF-1p expression vec-
tor, FLAG-ETS-1 expression vector, or FLAG empty vector. Cells were harvested, the IP 
assay was performed, and each antibody was detected through IB assays. The co-IP results 
showed that LINE-1 ORF-1p interacted with LoVo cells’ endogenous ETS-1 (Figure 3A) (IP: 
FLAG; IB: ETS-1; IP: FLAG; IB: FLAG). The FLAG empty vector could not interact with 
LoVo cells’ endogenous ETS-1 (Figure 3A) (IP: FLAG; IB: ETS-1; IP: FLAG; IB: FLAG). 
In addition, the reverse IP experimental results showed that FLAG-ETS-1 could interact 
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with LoVo cells’ endogenous LINE-1 ORF-1p (Figure 3B) (IP: FLAG; IB: LINE-1 ORF-1p; 
IP: FLAG; IB: FLAG), whereas the FLAG empty vector could not interact with LoVo cells’ 
endogenous LINE-1 ORF-1p (Figure 3A) (IP: FLAG; IB: LINE-1 ORF-1p; IP: FLAG; IB: 
FLAG). Therefore, LINE-1 ORF-1p appears to physically interact with ETS-1 in LoVo cells.

Figure 2. LINE-1 ORF-1p enhanced the transcriptional activity of ETS-1. LoVo cells stably transfected with empty 
vector or LINE-1 ORF-1p expression vector, control siRNA empty vector or LINE-1 ORF-1p siRNA expression 
vector. A. LoVo cells co-transfected with MMP-1-Luc reporter gene; B. LoVo cells co-transfected with MMP-9-
Luc reporter gene; C. LoVo cells co-transfected with u-PA-Luc reporter gene; D. LoVo cells co-transfected with 
c-Met-Luc reporter gene. *P < 0.05.
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Effect of LINE-1 ORF-1p on LoVo cell proliferation

An MTT assay was performed to determine whether LINE-1 ORF-1p might affect the 
proliferation of colorectal cancer cells. LoVo cells were stably transfected with the LINE-1 
ORF-1p expression vector, empty vector, or with the LINE-1 ORF-1p siRNA vector or siRNA 
empty vector, and then MTT assays were performed. As shown in Figure 4, overexpression of 
LINE-1 ORF-1p could significantly promote LoVo cell proliferation (Figure 4A), which started 
showing a significant difference compared to the empty vector as of the 4th day (P < 0.05). 
LINE-1 ORF-1p siRNA could significantly inhibit the growth of LoVo cells (Figure 4B), show-
ing a significant difference compared to the control siRNA empty vector as of the 3rd day (P 
< 0.05). These results suggested that LINE-1 ORF-1p could promote LoVo cell proliferation. 

Figure 3. LINE-1 ORF-1p physically interacted with ETS-1 in LoVo cells. A. LoVo cells transfected with FLAG 
empty vector, FLAG-LINE-1 ORF-1p expression vector. B. LoVo cells transfected with FLAG-ETS-1 expression 
vector or FLAG empty vector. The immunoprecipitation (IP) analysis was performed with anti-FLAG antibody, 
and the immunoblotting (IB) analysis was performed with anti-FLAG antibody, anti-LINE-1 ORF-1p antibody or 
anti-ETS-1 antibody.

Figure 4. LINE-1 ORF-1p promoted LoVo cell growth. A. LoVo cells stably transfected with LINE-1 ORF-1p 
vector or the empty vector; B. LoVo cells stably transfected with LINE-1 ORF-1p siRNA vector or the control 
siRNA vector. Then, cell numbers were determined by the MTT assay. *P < 0.05 vs empty vector or LINE-1 ORF-
1p vector (A); *P < 0.05 vs LINE-1 ORF-1p siRNA vector or control siRNA vector (B).
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Effect of LINE-1 ORF-1p on the anchorage-independent growth ability of LoVo cells 

To corroborate the results of the MTT assay, it was necessary to determine the ef-
fects of LINE-1 ORF-1p on anchor-independent growth; therefore, a soft agarose assay was 
performed. As shown in Figure 5, overexpression of LINE-1 ORF-1p could significantly 
increase the LoVo colony size (Figure 5A) and the number of colonies formed (Figure 5B). 
The siRNA targeting LINE-1 ORF-1P significantly reduced the LoVo colony size (Figure 
5A) and the colony number (Figure 5B) compared to the control siRNA empty vector (P 
< 0.05). This suggested that LINE-1 ORF-1p could enhance the anchorage-independent 
growth ability of LoVo cells, and play potential roles in promoting LoVo cell migration 
and invasion.

Figure 5. LINE-1 ORF-1p enhanced LoVo cells anchor-independent proliferation. A. LoVo cells stably transfected 
with LINE-1 ORF-1p vector, empty vector, LINE-1 ORF-1p siRNA vector and control siRNA vector seeded on 
soft agar and assayed for colony number after 3 weeks. B. Colony numbers (means ± SD) of triplicate independent 
experiments. *P < 0.05 vs FLAG or FLAG-LINE-1 ORF-1p, *P < 0.05 vs LINE-1 ORF-1p siRNA vector or control 
siRNA vector.

Effect of LINE-1 ORF-1p on in vivo LoVo cell growth

To confirm the results of the MTT and soft agarose assays, the in vivo regulatory 
roles of LINE-1 ORF-1p in LoVo cells were evaluated. Results showed that LINE-1 ORF-
1p enhanced the tumorigenic ability of LoVo cells in nude mice. The LoVo cell tumor 
mass caused by LINE-1 ORF-1p overexpression was significantly greater than that of 
the control (Figure 6A), and the growth rate of the tumor mass was accelerated (Figure 
6B), showing a significant difference compared to the empty vector as of the 6th week 
(P < 0.05; Figure 6B). Conversely, LINE-1 ORF-1p siRNA reduced the tumor volume 
(Figure 6A and C), which started showing a significant difference compared to the control 
siRNA empty vector as of the 7th week (P < 0.05) (Figure 6C). The tumor mass results 
also showed that LINE-1 ORF-1p could promote LoVo cell tumor formation, whereas 
reducing the expression of LINE-1 ORF-1p could retard the formation of the tumor mass. 
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Therefore, LINE-1 ORF-1p could promote LoVo cells in nude mice to form tumors, and 
likely plays a role in promoting the metastasis and invasion of tumor cells in the body.

Figure 6. LINE-1 ORF-1p could promote LoVo cells tumorigenic ability. LoVo cells were stably transfected with 
FLAG-LINE-1 ORF-1p vector or FLAG empty vector, or LINE-1 ORF-1p siRNA vector or control siRNA vector. 
Cells were injected into nude mice. At the indicated times, tumors were measured with tumor volume (A-C) or 
tumor weight (D) (means ± SD; N = 5). *P < 0.05 vs FLAG or FLAG-LINE-1 ORF-1p (B), *P < 0.05 vs LINE-1 
ORF-1p siRNA vector or control siRNA vector (C).

Western blot assays

Western blot assays were performed to corroborate the results of the luciferase 
assays. To determine whether LINE-1 ORF-1 affected the protein expression of ETS-1 
downstream genes, total proteins were extracted from the tumor mass, and the expres-
sions of LINE-ORF-1p, MMP-1, MMP-9, and Survivin were detected, using GAPDH as 
the internal reference. Results (Figure 7A and B) indicated that overexpression of LINE-1 
ORF-1p increased the MMP-1, MMP-9, and Survivin expressions, whereas downregu-
lation of the LINE-1 ORF-1p protein level through siRNA reduced the expressions of 
MMP-1, MMP-9, and Survivin. This indicated that LINE-1 ORF-1p could increase the 
protein expressions of ETS-1 downstream genes and Survivin, which are all important for 
cell survival/anti-apoptosis.
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DISCUSSION

In the present study, LINE-1 ORF-1p enhanced ETS-1 transcriptional activity through 
physical interactions between the proteins. Overexpression of LINE-1 ORF-1p increased the 
transcription and protein levels of the ETS-1 downstream genes MMP-1, MMP-9, u-PA, and 
c-Met. In addition, LINE-1 ORF-1p promoted the proliferation of LoVo cells in vitro and 
in vivo. Anchorage-independent growth is the basis of tumor cell migration and invasion; 
however, in in vivo experiments, nude mouse subcutaneous tumor formation provides direct 
evidence of tumor cell invasion and malignant transformation. These results indicated that 
LINE-1 ORF-1p plays roles in the metastasis and invasion of LoVo cells.

This study also found that LINE-1 ORF-1p could elevate the expression of Survivin, 
which is known to be the most powerful anti-apoptotic gene. Therefore, corroborating the 
results of our previous study, LINE-1 ORF-1p was shown to be mainly involved in the regula-
tion of some important transcription factors, cell proliferation, cell cycle progression, and cell 
apoptosis (Gao et al., 2011; Feng et al., 2012; Wang et al., 2012). These roles are significantly 
different from the retrotransposition mechanisms of LINE-1 ORF-2p, which might result in a 
large number of mutations, and ultimately lead to instability in the genetic material and cel-
lular transformations. On the other hand, in the last 20 years, studies of LINE-1 ORF-1p have 
focused on retrotransposition because LINE-1 ORF-1p was shown to be the regulatory factor 
of LINE-1 ORF-2p. Recently, however, it was reported that LINE-1 ORF-1p was also likely 
to play its own role in tumor development. LINE-1 ORF-1p was highly expressed in a variety 
of tumor tissues associated with poor prognosis (Cho et al., 2007; Harris et al., 2010), but the 
specific molecular mechanism of its role was still not entirely clear. The results of this study 
suggested that LINE-1 ORF-1p is not only the main adjustment factor of LINE-1 ORF-2p, but 
also plays specific roles itself.

Figure 7. LINE-1 ORF-1p modulated MMP-1, MMP-9, and Survivin protein expression. Tumor tissues were 
detected by the anti-LINE-1 ORF-1p, anti-MMP-1, anti-MMP-9, anti-Survivin and anti-GAPDH antibodies. A. 
LoVo cells stably transected with FLAG vector or FLAG-LINE-1 ORF-1p vector; B. LoVo cells stably transected 
with control siRNA vector or LINE-1 ORF-1p siRNA vector.



6992

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 6981-6994 (2014)

M.Y. Li et al.

Although some evidence indicated that LINE-1 ORF-1p played roles in the develop-
ment of cancer cell proliferation, the detailed mechanisms were still not fully understood. 
Therefore, studies investigating the function of LINE-1 ORF-1p are valuable to elucidate the 
development mechanism of malignant tumors. LINE-1 ORF-1p has been recognized in the 
liver tumor cell lines Bel-7402, SMMC-7721, and HepG2, and in liver-sourced immortalized 
cell lines, such as LO2. It can promote the cell cycle progress, and protect cells against apop-
tosis in the lung cancer cell lines H460 and A549 and in the gastric cancer cell line BGC823 
(Gao et al., 2010, 2011; Feng et al., 2012; Wang et al., 2012). Results of this study confirmed 
that LINE-1 ORF-1p also plays important roles in the proliferation and invasion of colorectal 
cancer. Combined with this study, we systematically established a series of tumor cell models 
covering the function of LINE-1 ORF-1p in several major tumor types, thus providing a solid 
foundation for future research of LINE-1 ORF-1p.

As a transcription factor, ETS-1 has a DNA binding domain and a transcriptional 
activation domain. Like other transcription factors (ER, AR, p53, and Smad4), ETS-1 also 
plays its own roles in subcellular localization, transcriptional activation, and degradation, and 
a large number of co-regulators are involved in regulating ETS-1 functions (Reid et al., 2003). 
The results of this study suggested that LINE-1 ORF-1p might act as an activation co-regu-
lator/co-activator of ETS-1. This was consistent with our previous studies, and established a 
clear molecular mechanism for previous results. The mechanisms of co-regulation of the tran-
scription factor were evident in four aspects (Choi et al., 2009; Ding et al., 2009; Zhang et al., 
2012): a) physical interaction, b) promoting the recruitment of transcription factor with their 
DNA binding elements, c) modulating the cytoplasmic/nucleus translocation of the transcrip-
tion factor, and d) recruiting other co-regulators to the promoter of the downstream gene. This 
study demonstrated that LINE-1 ORF-1p increased ETS-1 transcriptional activity through 
physical interactions, but whether LINE-1 ORF-1p might function through other mechanisms 
remains unknown. Nevertheless, future studies of the molecular mechanism of LINE-1 ORF-
1p in adjusting important transcription factors could be facilitated based on this study.

Molecular mechanisms of colorectal cancer are complex, and the events follow an 
obvious chronological sequence such as the mutations of corresponding oncogenes and tumor 
suppressor genes. Mutations of the APC and MSH2 genes occur mainly during the initial 
stage, and abnormal activation of KRAS occurs in the early stages of adenoma (Rapozo et al., 
2009). DCC and P53 play a role in the late stages of adenoma, while there is no clear target 
molecule in the adenocarcinoma stage or in the recurrence, metastasis, or invasion stages of 
colorectal cancer (Rapozo et al., 2009). HCC is characterized by highly aggressive and meta-
static activation; therefore, it would be of great significance to identify new therapy target mol-
ecules and clinical indicators of colorectal cancer. The purpose of this study was to initially ex-
amine the function and mechanism of potential target molecules, LINE-1 ORF-1p and ETS-1, 
in the migration and invasion of colorectal cancer. The c-Met/ETS-1 signaling pathway plays 
a central role in tumor cell migration and invasion, and the proto-oncogene LINE-1 ORF-1p 
possibly functions through the ETS-1, thus promoting the proliferation and invasion of colon 
cancer cells. This study not only found that ETS-1 might act as a protein factor in the devel-
opment and invasion of colorectal cancer, but also expanded the scope of LINE-1 ORF-1p, 
demonstrating its possible mechanism of action. We intend to conduct further studies on the 
significance and detailed molecular mechanisms of the interaction between LINE-1 ORF-1p 
and ETS-1 in the development of colorectal cancer.
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ORF-1 protein promotes LoVo cell proliferation and invasion

In conclusion, this study established a method for investigating the interaction be-
tween LINE-1 ORF-1p and ETS-1 in a colorectal cancer cell line LoVo, and identified its 
novel roles in the proliferation and invasion of colorectal cancer.
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