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Abstract

AIM: To clarify the specific roles and mechanisms of
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long interspersed nuclear element-1 ORF-1 protein
[human long interspersed nuclear element-1 (LINE-1),
ORF-1p] in chemotherapeutic drug resistance and cell
proliferation regulation in hepatocellular carcinoma
(HCC) cells.

METHODS: MTT assays were performed to identify the
effect of the chemotherapeutic drug toxicity on HepG2
cells. Cell proliferation inhibition and the ICso were cal-
culated by the Origin 8.0 software. Western blotting
assays were performed to investigate whether LINE-1
ORF-1p modulates the expression of some important
genes, including p53, p27, p15, Bcl-2, mdr, and p-gp.
To corroborate the proliferation and anchor-indepen-
dent growth results, the HepG2 cells were analyzed by
flow cytometry to investigate the effect of LINE-1 ORF-
1p on the apoptosis regulation.

RESULTS: LINE-1 ORF-1p contributed to the resistance
to several chemotherapeutic drugs (cisplatin and epi-
rubicin) in HepG2 cells. The ICso of the epirubicin and
cisplatin increased from 36.04 nmol/L to 59.11 nmol/L
or from 37.94 nmol/L to 119.32 nmol/L. Repression of
LINE-1 ORF-1p expression by the siRNA could markedly
enhance the response of HepG2 cells to the epirubicin
and cisplatin. The ICso correspondingly decreased from
28.06 nmol/L to 3.83 nmol/L or from 32.04 nmol/L to
2.89 nmol/L. Interestingly, down-regulation of LINE-1
ORF-1p level by siRNA could promote the response of
HepG2 cells to the paclitaxel. The ICs decreased from
35.90 nmol/L to 7.36 nmol/L. However, overexpression
of LINE-1 ORF-1p did not modulate the paclitaxel toxic-
ity in HepG2 cells. Further Western blotting revealed
that LINE-1 ORF-1p enhanced mdr and p-gp gene ex-
pression. As a protein arrested in the nucleus, LINE-1
ORF-1p may function through modulating transcrip-
tional activity of some important transcription factors.
Indeed, LINE-1 ORF-1p promoted HepG2 cell prolifera-

February 21, 2013 | Volume 19 | Issue 7 |



Feng F et a/. LINE-1 ORF-1 protein and hepatocellular carcinoma

tion, anchor-independent growth and protected the
cells against apoptosis through modulating the expres-
sion of p15, p21, p53, and Bc/-2 genes.

CONCLUSION: LINE-1 ORF-1p promotes HepG2 cell
proliferation and plays an important role in the resis-
tance of chemotherapeutic drugs. By establishing novel
roles and defining the mechanisms of LINE-1 ORF-
1p in HCC chemotherapeutic drug resistance and cell
proliferation regulation, this study indicates that LINE-1
ORF-1p is a potential target for overcoming HCC che-
motherapeutic resistance.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) which is the most
common tumor wotldwide, and the third most common
cause of cancer death, is often accompanied by a poor
prognosis'. The majority of HCC patients are unresect-
able at the time of first diagnosis, and even in patients
who are suitable for surgery, the risk of recutrrence is
high. Consequently, chemotherapy is an important al-
ternative strategy for most HCC patients”. Cisplatin,
paclitaxel and epirubicin are common chemotherapeutic
agents used in the treatment of HCC. However, che-
motherapy is often ineffective in HCC patients due to
potent multidrug resistance (MDR)™. Many studies have
indicated that alterations in target gene expression ate
correlated with drug resistance and may provide a new

strategy for sensitizing cancer cells to chemotherapeutic
drugs and to reverse MDR in cancer cells.

The human long interspersed nuclear element-1 (LI-
NE-T7) gene encodes two proteins: LINE-1 ORF-1p and
LINE-1 ORF-2p". Tt is reported that LINE-1 ORF-
2p is mainly involved in the retrotransposition process
through its endonuclease activity'™. In human cancer
cells, LINE-1 ORF-2p can be regulated by LINE-1
ORF-1p™”. The expression of the LINE-1 ORF-1
protein is almost 1000-fold greater than the LINE-1
ORF-2 protein®, which indicates that LINE-1 ORF-
1p has many roles. Our previous results suggested that
LINE-1 ORF-1p enhances the proliferation of several
cancer cell lines”. LINE-1 ORF-1p also increased the
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proliferation of hepatocellular carcinoma cells Bel-7402,
SMMC-7721, HepG2, and LO2 cells and was associated
with a significant risk of HCC progressionm. However,
the detailed mechanisms and roles of LINE-1 ORF-1p
in HCC development are still largely unknown.

Based on our previous study!”, we hypothesized that
LINE-1 ORF-1p might also be involved in HCC develop-
ment and chemotherapy resistance regulation. To address
this hypothesis, we performed MTT assays and found
that LINE-1 ORF-1p protects HepG2 cells against che-
motherapy. More importantly, we also found that LINE-1
ORF-1p enhances HepG2 cell proliferation through the
modulation of genes involved in cell proliferation and

apoptosis such as p53 and Be/-2.

MATERIALS AND METHODS

Plasmids

The full length of LINE-1 ORF-1p ¢cDNA was cloned
into a pcDNA3.1 vector linked with fludarabine + high-
dose cytarabine + G-CSF (FLAG) at the amino terminus
by polymerase chain reaction using a cDNA library as the
template[b’q. The siRNA targeted to LINE-1 ORF-1p was
cloned into the psilencer-2.1-U6 (neo) vector (Ambion).
The sequence of siRNA is AAGGAGGTGCACTATA-
AGAAC"™", The luciferase reporters, Luc-p21 (containing
p53 binding element), Luc-Smad4 binding element (SBE),
Luc-SP1 and Luc-androgen response element (ARE)
were gifts from Dr. Cui JJ and Yang Y'T.

Antibodies

Antibodies against p27, p53, Bel-2, and p15 were from
Santa Cruz Biotechnology Inc., United States, and anti-
bodies against MDR, p-gp and GAPDH were from Sig-
ma-Aldrich, St. Louis, United States. The antibody against
LINE-1 ORF-1p was described previously[(”7]. Polyclonal
anti-rabbit IgG was from Qiagen, Beijing, China.

Chemotherapeutic agents and cell culture

Epirubicin (Pfizer, NY, United States), Cisplatin (QILU
Pharmaceutical Co., Jinan, China), paclitaxel (Roche,
Basel, Swiss), Lipofectamine 2000 (Invitrogen, Catlsbad,
CA, United States) and other agents (Awmersham Bioscienc-
es, Piscataway, NJ, United States) were used in this study.
HepG2 cells (American Type Culture Collection, ATCC)
were cultured in DMEM (GIBCO, Grand Island, NY,
United States) medium containing 10% FBS.

Cell proliferation assays

HepG2 cells were transfected with FLAG-LINE-1 ORF-
1p or siRNA plasmid, and cultured for 24 h at 37 'C and
5% COz. Then, 10 pL. CCK-8 reagent was added to each
well and cultured at 37 C and 5% CO: for 4 h. The ab-
sorbance of the inhibition rate was measured using a mul-
tifunctional microplate reader at 490 nm. The inhibition
rate = (A control group - A administration group)/(A
control group - A blank group) X 100%. The assays were
performed three times with similar results.
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Table 1 Effect of long interspersed nuclear element ORF-1

protein on the cytotoxic activity of chemotherapeutic drugs
in vitro

Drugs ICso (nmol/L)

FLAG FLAG-ORF-1p  Control siRNA
Epirubicin ~ 36.04 +4.48 59.11+3.37 28.06+5.31 3.84+0.48
Cisplatin 37.94+290 119.32+21.99 32.04+3.71 2.89+0.44
Paclitaxel 27.01+3.91 29.01+295 35.90+7.03 7.36 £ 0.69

FLAG: Fludarabine + high-dose cytarabine + G-CSF; siRNA: Small inter-
fering RNA.

Anchorage-independent growth assay

HepG2 cells which stably expressed FLAG-LINE-1
ORF-1p or siRNA were placed in 6-well plates, with a
bottom layer of 0.7% low-melting-temperature agar in
DMEM and a top layer of 0.25% agar in DMEM. Colo-
nies were scored after 3 wk of growth. The assays were
performed in three independent experiments with simi-
lar results.

Luciferase assay

HepG2 cells were seeded in 24-well plates. After 24 h,
the cells were transfected with FLAG-LINE-1 ORF-
1p and the indicated reporter gene using Lipofectamine
2000 (Invitrogen). Twenty-four hours later, the cells
were harvested and analyzed for luciferase following the
manual protocol (Promega Cotp., Madison, WI, United
States).

Flow cytometry and apoptosis analysis

Assays were performed following the protocol provided
by the apoptosis assay kit (Qiagen, Beijing, China). In
brief, cells were treated with dehydrated alcohol for flow
cytometry analysis. Before analysis, cells were treated
with 0.5% RNase at 65 ‘C for 30 min. The assays were
performed three times with similar results.

Cell transfection and stable transfection

Plasmids were transfected into HepG2 cells using Li-
pofectamine 2000 (Invitrogen). Forty-eight hours later,
transfected cells were cultured in 500 pg/mL G418 (In-
vitrogen) for approximately 2 mo. Individual clones were
screened by Western blotting using anti-FLAG or anti-
LINE-1 ORF-1p antibodies. Similar results were ob-
served with stable transfection or transient transfection
with individual clones ot pool clones.

Immunoblotting analysis

Total protein in the samples was measured by SDS-
PAGE and trans-printed to a nitrocellulose (NC) mem-
brane. The NC membranes were blocked with 5% BSA
in TBST buffer and incubated with the antibodies. The
membranes were then incubated with horseradish per-
oxidase-conjugated secondary antibodies after washing
with TBST buffer. Membranes were visualized using the

appropriate kit (Qiagen).
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RESULTS

LINE ORF-1 protein modulates the cytotoxic effects of
chemotherapeutic agents

To determine whether LINE-1 ORF-1p modulates the
cytotoxic effects of chemotherapeutic agents, MTT as-

says were performed. The results showed that overex-
pression of LINE-1 ORF-1p significantly reduced the
cytotoxicity of epirubicin and cisplatin on HepG2 cells
(Figure 1) and the corresponding 1Cso values increased
significantly (Table 1). Reduction of LINE-1 ORF-1p
expression by siRNA markedly promoted the sensitivity
of HepG?2 cells to epirubicin and cisplatin (Figure 1).
The ICso values correspondingly decreased significantly
(Table 1).

Interestingly, our data also showed that neither over-
expression of LINE-1 ORF-1p plasmids nor the empty
vector protected HepG2 cells from the cytotoxicity of pa-
clitaxel (Figure 1E). Knockdown of LINE-1 ORF-1p in-
creased the cytotoxic effect of paclitaxel on HepG2 cells
(Figure 1F). The ICso values correspondingly decreased
from 35.90 nmol/L to 7.36 nmol/L (Table 1). Taken to-
gether, these results suggest that LINE-1 ORF-1p medi-
ates chemotherapeutic drug resistance in HepG2 cells.

LINE ORF-1 protein promotes HepG2 cell proliferation
To determine whether LINE-1 ORF-1p affected HepG2
cell proliferation, MTT assays were performed. HepG2
cells transfected with FLAG-LINE-1 ORF1-p had an in-
creased proliferation rate compared with those transfect-
ed with FLAG empty vector (Figure 2A); whereas cells
transfected with LINE-1 ORF-1p siRNA, grew more
slowly than those transfected with the control siRNA
(Figure 2B). In addition, LINE-1 ORF-1p also promot-
ed HCC SMMC-7721 (Figure 2C and D) and BEL-7402
cell growth (Figure 2E and F). These results indicated
that LINE-1 ORF-1p affects HCC cell proliferation.

LINE ORF-1 protein protects HepG2 cells against
apoptosis

To investigate the role of LINE-1 ORF-1p in HepG2
cell apoptosis, apoptosis assays were performed. Over-
expression of LINE-1 ORF-1p protected HepG2 cells
from apoptosis (Figure 3), whereas knockdown of LI-
NE-1 ORF-1p significantly promoted the apoptosis of
HepG2 cells (Figure 3).

LINE ORF-1 protein increases HepG2 anchor-
independent growth

The effects of LINE-1 ORF1-p on anchorage-indepen-
dent growth were tested in stable HepG2 cell lines ex-
pressing either FLAG-LINE-1 ORF1-p or siRNA. Over-
expression of LINE-1 ORF-1p significantly increased the
anchorage-independent growth of HepG2 cells (Figure
3); whereas knockdown of endogenous LINE-1 ORF1-p
decreased anchorage-independent growth of HepG2
cells (Figure 3). These results suggest that LINE-1 ORF-
1p also strongly promotes HCC cell growth.
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Figure 1 Effect of long interspersed nuclear element ORF-1 protein on epirubicin, cisplatin and paclitaxel cytotoxicity. HepG2 cells were treated with the indi-
cated amounts of epirubicin (A, B), cisplatin (C, D) or paclitaxel (E, F): 0 nmol/L, 0.5 nmol/L, 1 nmol/L, 2 nmol/L, 5 nmol/L, 10 nmol/L, 20 nmol/L, 50 nmol/L, 60 nmol/L.
A: HepG2 cells were transfected with the fludarabine + high-dose cytarabine + G-CSF human long interspersed nuclear element-1 (FLAG-LINE-1) ORF-1p expression
vector, or the empty vector; B: HepG2 cells were transfected with the control siRNA vector or the LINE-1 ORF-1p siRNA vector; C: HepG2 cells were transfected with
the FLAG-LINE-1 ORF-1p expression vector, or the empty vector; D: HepG2 cells were transfected with the control siRNA vector or the LINE-1 ORF-1p siRNA vector; E:
HepG2 cells were transfected with the FLAG-LINE-1 ORF-1p expression vector, or the empty vector; F: HepG2 cells were transfected with the control siRNA vector or
the LINE-1 ORF-1p siRNA vector. The assays were performed three times with similar results. °P < 0.05 vs control. 1: Control; 2: Epirubicin; 3: Cisplatin; 4: Paclitaxel.
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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dehydrogenase.

LINE ORF-1 protein regulates the reporter gene activities

of p21, SBE and Sp1

To determine the mechanism of LINE-1 ORF1-p, lucifer-
ase assays were performed. The results showed that over-
expression of LINE-1 ORF-1p decreased Luc-p21, Luc-
SBE and Luc-Sp1 activity. Knock-down of LINE-1 ORF-
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1p expression enhanced the activities of Luc-p21 (Figure

4A), Luc-SBE (Figure 4B) and Luc-Sp1 (Figure 4C).

In addition, overexpression of LINE-1 ORF-1p pro-
moted the transcription of Luc-ARE reporter (Figure
4D). Down-regulation of LINE-1 ORF1-p expression
reduced the activity of Luc-ARE (Figure 4D). Taken to-
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Figure 3 Long interspersed nuclear element ORF-1 protein promotes apoptosis and anchor-independent growth of HepG2 cells. HepG2 cells were transfected
with the empty vector or f ludarabine + high-dose cytarabine + G-CSF human long interspersed nuclear element-1 (FLAG-LINE-1) ORF-1p, or with the control siRNA or
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ORF-1p. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

gether, these results suggest that LINE-1 ORF-1p may
regulate cell proliferation by modulating the transcription
activities of these genes

LINE ORF-1 protein modulates the expression of genes
involved in cell proliferation and apoptosis

To corroborate the results of the luciferase assay, it is
necessary to investigate whether LINE-1 ORF-1p regu-
lates the protein levels of the genes related to cell prolif-
eration and apoptosis. The results showed that overex-
pression of LINE-1 ORF-1p decreased the expression
of p15, p53 and p27 genes (Figure 5A) and increased the

(49

Boiohidengs  WJG | www.wijgnet.com

1073

expression of Bcl-2 (Figure 5A). However, reduction
of LINE-1 ORF-1p expression with LINE-1 ORF1-p
siRNA increased the protein level of p75, p53 and p27
(Figure 5B), and reduced the protein level of Bcl-2 (Fig-
ure 5B). These findings indicated that LINE-1 ORF-1p
promotes cell proliferation by regulating the expression
of these genes.

LINE ORF-1 protein enhances MDR and p-gp gene
expression

In order to investigate the mechanism of LINE-1 ORF-
1p-mediated drug resistance, the effects of LINE-1

February 21, 2013 | Volume 19 | Issue 7 |
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ORF-1p on the expression of genes involved in drug
resistance were examined. The results showed that over-
expression of LINE-1 ORF1-p increased MDR and
p-gp protein levels (Figure 6A). Repression of LINE-1
ORF-1p expression through siRNA strongly reduced
MDR and p-gp protein levels (Figure 6B). These results
indicated that LINE-1 ORF-1p mediates drug resistance
by modulating the expression of MDR and p-gp.

LINE ORF-1 protein is expressed in clinical specimens
and HepG2 cells

Next, we used immunohistochemistry and immunoblot
assays to detect LINE-1 ORF-1p protein expression
in clinical specimens and the HepG2 cell line. In most
cases, the HepG2 cell line and liver tumors expressed

high protein levels of LINE-1 ORF-1p (Figure 7).
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DISCUSSION

In this study, we provide evidence of the novel roles of
LINE-1 ORF-1p in chemotherapeutic drug response and
proliferation of HepG2 cells. The results demonstrated
that over-expreesion of LINE-1 ORF-1p significantly
inhibited the cytotoxic effects of epirubicin and cispla-
tin on HepG2 cells. However, knockdown of LINE-1
ORF-1p with epirubicin, cisplatin or paclitaxel had a syn-
ergistic effect on HepG2 cells. Moreover, LINE-1 ORF-
1p regulated the proliferation and anchor-independent
growth of HepG2 cells. In addition, LINE-1 ORF-1p
repressed Luc-SBE, Luc-SP1, and Luc-p21 transcription,
and enhanced Luc-ARE transcription. More importantly,
LINE-1 ORF-1p modulated the expression of impoz-
tant genes: p75, p27, p53 and Be/-2, which are related to

February 21, 2013 | Volume 19 | Issue 7 |



Feng F ef a/. LINE-1 ORF-1 protein and hepatocellular carcinoma

A FLAG + - P15 P27
FLAG-ORF-1p - + a
1.2 ¢ 1.4 - a
P15
. E— 1.0 -
P27 [ —
g% | g
P53 £ E
206 - 2
- [0 [0
o4l -4
ORF_lp_ 0.2 r
FLAG FLAG-ORF-1p FLAG FLAG-ORF-1p
Bcl-2 a LINE-1 ORF-1p
1.2 4.5 6 a
4.0
1.0 5
3.5
0.8 3.0 4
3 $2.5 @
E0.6 E E3
2 2 2
50.4 B1.5 B2
g 2, g
0.2 1
0.5
0.0 0.0 0
FLAG FLAG-ORF-1p FLAG FLAG-ORF-1p FLAG FLAG-ORF-1p
B Control + - P15 P27
ORF-1p SiRNA - + c c
3.5 — 7 -
3.0 6 L
wn wn
(0] (0]
P53 “ £20 E 4
- 2 2
®1.5 © 3
Bol-2  — K &
1.0 2
ORF-1
p_ 0.5 1
Control siRNA ORF-1p siRNA Control siRNA ORF-1p siRNA
Bcl-2 LINE-1 ORF-1p
4.0 1.2 c 1.4 - c
3.5 1.0 1.2
3.0
" 0.8 1.0 -
g£2.5
=] 9] $0.8 -
220 £06 E
S5 2 006 1
< ®04 B 04
1.0 & g
0.5 0.2 0.2
0.0 0.0 0.0
Control siRNA ORF-1p siRNA Control siRNA ORF-1p siRNA Control siRNA ORF-1p siRNA

Figure 5 Long interspersed nuclear element ORF-1 protein modulates the expression of genes related to cell proliferation and apoptosis regulation. A:
HepG2 cells were transfected with the fludarabine + high-dose cytarabine + G-CSF human long interspersed nuclear element-1 (FLAG-LINE-1) ORF-1p vector, or the
empty vector. The assays were performed three times with similar results. P < 0.05 vs FLAG; B: HepG2 cells were transfected with control siRNA or LINE-1 ORF-1p
siRNA. The bar graph shows the relative protein expression level of each protein compared with GAPDH. The assays were performed three times with similar results.
’P < 0.05 vs FLAG; °P < 0.05 vs control siRNA. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 6 Long interspersed nuclear element ORF-1 protein modulates the expression of genes related to drug resistance. A: HepG2 cells were transfected
with the fludarabine + high-dose cytarabine + G-CSF human long interspersed nuclear element-1 (FLAG-LINE-1) ORF-1p vector, or the empty vector; B: HepG2 cells
were transfected with control siRNA or LINE-1 ORF-1p siRNA. The bar graph shows the relative protein expression level of each protein compared with GAPDH. The
assays were performed three times with similar results. °P < 0.05 vs FLAG; °P < 0.05 vs control siRNA. MDR: Multidrug resistance; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase.
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Figure 7 Long interspersed nuclear element ORF-1 protein expressed in clinical specimens and HepG2 cells. Representative immunohistochemical staining
(A) and immunoblots (B) of human long interspersed nuclear element-1 (LINE-1) ORF-1p proteins in HepG2 cells, which were stably transfected with empty vector or
LINE-1 expression vector, and in human cancerous liver tissues (C1-C10). Original magnification: x 40. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

HepG2 cell proliferation and apoptosis. Finally, LINE-1 genesis[m]. It was reported that genome hypomethylation
ORF-1p also affected mdr and p-gp gene expression, was significantly increased in patients with HCC. The

which is related to chemotherapeutic drug resistance in levels of serum LINE-1 hypomethylation at initial pre-
cancer cells. sentation correlated significantly with tumor size, tumor
LINE-1 comptrises at least 17% of the human geno- number and alpha-fetoprotein level. Moreover, high
me sequence and may significantly affect human genome serum LINE-1 hypomethylation correlates significantly
stability and chromosome structure after de-methylation. with poor survival' "%, Therefore, it is thought that over-
LINE-1 displays a silenced state in normal adult tissues expression of LINE-1-associated protein promotes the
with high methylation'™. It is activated by the de-methyl- progression of HCC and affects the outcome of sys-
ation mechanism, and then frequently retrotransposes'”. temic chemotherapy.
Frequent transposition of LINE-1 may lead to signifi- Our previous studies indicated that LINE-1 ORF-1p
cant changes in the genome, eventually inducing tumori- was involved in the regulation of transformation, devel-
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opment and proliferation of several cancer cells™". We
also established several tumor cell models of LINE-1
ORF-1p in human lung cancer, gastric cancer and breast
cancer'”. Tt is reported that LINE-1 ORF-1p interacts
with its own DNA". Thus, LINE-1ORF-1p may regu-
late important transcription factor activity by changing
the structure of chromatin, and in turn promote the
growth of cancer cells by modulating the expression of
genes related to proliferation, cell cycling and apoptosis
regulationm’lgj. LINE-1 ORF-1p may play a role in the
regulation of cancer cell proliferation and chemotherapy
resistance through various mechanisms.

In this study, we found that overexpression of LINE-1
ORF-1p significantly inhibited the cytotoxic effect of
epirubicin and cisplatin on HepG2 cells, without affect-
ing the role of paclitaxel, these results were expected.
LINE-1 ORF-1p siRNA with epirubicin, cisplatin or pa-
clitaxel had a synergistic effect on HepG2 cells. In HCC,
the rapid growth of cells is caused by high levels of
DNA replication and expression, and a high rate of me-
tabolism. In addition, in HCC cells, chromatins are gen-
erally unfolded and not agglutinatedmmj. Therefore, the
DNA is more vulnerable than in normal somatic cells™.
Some chemotherapeutic agents such as cisplatin and epi-
rubicin target bio-macromolecules, such as DNA, and
are naturally cytotoxic to HepG2 cells"?. While LINE-1
ORF-1p binds to DNA, it is likely to play a protective
role and act as a barrier to DNA. It is possible to protect
DNA against the cytotoxic effects of epirubicin and cis-
platin. Our previous study showed that LINE-1 ORF-1p
promotes the cell cycling program. These previous results
also confirmed the conclusions in this study. In addition,
LINE-1 ORF-1p enhanced the protein level of wdr and
Dp-gp geneslzo’zz], Thus, LINE-1 ORF-1p also modulates
the genes involved in multi-drug resistance.

We then found that LINE-1 ORF-1p promoted Be/-2
gene expression which is involved in resistance to apop-
tosis, and inhibited the expression of the genes, p75, p27
and p53[13]. These genes promote apoptosis and arrest
cell growth or cell cycling. These results were consistent
with those from the luciferase assays. LINE-1 ORF-1p
reduced the activity of Luc-p21, Luc-SBE, and Luc-Spl
reporters and enhanced Luc-ARE reporter transcription.
p53, Smad4, Sp1 and AR are important transcription fac-
tors, which modulate the transcription of many genes
and play a role in the regulation of cancer progression.
LINE-1 ORF-1p may interact with these transcriptional
factors which are recruited to specific regulatory elements
such as SP1 and p53 binding sites. They then interfere
with their function through conformational alteration or
by affecting their co-repressor recruitment. Further stud-
ies are required to address this hypothesis.

Paclitaxel targets microtubules. Overexpression of
LINE-1 ORF-1p did not antagonize the cytotoxic effect
of paclitaxel, however, knockdown of LINE-1 ORF-1p
and paclitaxel had a synergistic effect and reduced its ex-
pression level and slowed cell growth by modulating p53,
p15, p27, and Bel-2 expression.
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Taken together, these findings suggest that LINE-1
ORF-1p may have a role in the development of HCC,
and is likely to be involved in the prediction of chemo-
therapeutic effect. In addition, these findings significantly
advance our understanding of the functions and mecha-
nisms of LINE-1 ORF-1p in cancer cell proliferation and
may provide a novel potential therapeutic target in HCC.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is the commonest form of cancer worldwide,
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