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Silencing the livin gene enhances the cytotoxic effects of
anticancer drugs on colon cancer cells
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Purpose: Livin is associated with drug response in several cancers. The aim of this study was to investigate the effect of
silencing the livin gene expression on anticancer drug response in colorectal cancer.

Methods: siRNA was transfected at different concentrations (0, 10, and 30nM] into HCT116 cells, then cells were treated
with either 5-fluorouracil (FU)/leucovorin (LV) or oxaliplatin (L-OHP]/5-FU/LV. Cellular viability and apoptosis were
evaluated following silencing of livin gene expression combined with treatment with anticancer drugs.

Results: Livin gene expression was effectively suppressed by 30nM siRNA compared with control and 10nM siRNA. The
3-(4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide assay showed that proliferation was effectively inhibited
in cells treated with a combination of both siRNA and an anticancer drug, compared to cells treated with siRNA-Livin or
anticancer drug alone. In particular, the combination of 30nM siRNA and L-OHP/5-FU/LV resulted in a 93.8% and 91.4%
decrease, compared to untreated control or L-OHP/5-FU/LV alone, respectively. Cellular proliferation was most effectively
suppressed by a combination of 30nM of siRNA and L-OHP/5-FU/LV compared to other combinations.

Conclusion: siRNA-mediated down-regulation of livin gene expression could significantly suppress colon cancer growth
and enhance the cytotoxic effects of anticancer drugs such as 5-FU and L-OHP. The results of this study suggest that
silencing livin gene expression in combination with treatment with anticancer drugs might be a novel cancer therapy for

colorectal cancer.
[Ann Surg Treat Res 2016;91(6):273-277]
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INTRODUCTION

Colorectal cancer is one of the most common malignant tu-
mors worldwide and the incidence rate has steadily increased.
It is the third leading cause of death in cancer patients [1].
The complete cure rate is 70% to 80% at diagnosis; however,
metastasis develops in 50% of patients [1]. Therefore, systemic
chemotherapy, in addition to surgical treatment, has been
widely applied to improve the survival rate [2]. Currently, the
commonly used regimens combine drugs, such as oxaliplatin
(L-OHP) or irinotecan-based on 5-fluorouracil (FU). However,
these treatments have not led to a satisfactory survival rate

in metastatic colorectal cancer patients [1]. Therefore, new
therapies have been developed to improve the treatment
outcome for colorectal cancer patients. Targeted therapy has
attracted attention as a potential new treatment option that
targets apoptotic genes, oncogenes, and cell cycle regulatory
genes.

The inhibition of apoptosis is one of the most important
mechanisms in carcinogenesis. Apoptosis-related genes and
proteins take a significant role in the growth and proliferation
of cancer cells [3]. Inhibitor of apoptosis proteins (IAPs) is a
typical anti-apoptotic protein that suppresses apoptosis by
binding caspases and inhibiting proteolytic processes [4]. The
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most well-known IAPs are C-IAP1, C-IAP2, NAIP, Survivin,
X-linked IAP (XIAP), Bruce, ILP-2, and Livin. Livin and Survivin
are the most representative members. Of special interest is
Livin, which is a member of the IAP family. Livin is abundantly
expressed in cancer cells, but is rarely detected in normal cells.
It has a high affinity for cancer cells, so it is expected to be a
potential target of chemotherapy [5]. In this study, we aimed
to investigate whether silencing the livin gene affects the
antitumor effect of anticancer drugs in colorectal cancer.

METHODS

Cell culture and transfection
The HCT116 colon cancer cell line was purchased from the

Korean cell line bank. The cells were grown in RPMI11640
medium (Life Technologies Inc., Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (Life Technologies
Inc.), 100 U/mL of penicillin, and 100 g/mL of streptomycin at
37°C in a humidified incubator under an atmosphere of 5% CO,.
The HCT116 cells were seeded at a density of 1x10’ cells per well
in 6-well plates and transfected with different concentrations
(10nM and 30nM) of siRNA (Dharmacon Inc., Lafayette, CO,
USA) against the livin gene using Lipofectamine 2000 (Life
Technologies Inc.) according to the manufacturer's instructions
[6]. Reverse transcription-polymerase chain reaction (RT-PCR)
was performed as in the previous study to verify target knock-
down [6]. The primers used to amplify the livin gene were as
follows: forward 5-CTGGTCAGAGCCAGTGTITCC3', and reverse
5 TCATAGAAGGAGGCCAGACG-3, for internal control gene B—
actin, forward 5-GACCTGACTGACTACCTCATGAA-3', reverse
5-CTTCATGATGGAGTTGAAGGTAG-3".

Drug treatment
L-OHP, 5-FU, and leucovorin (LV) were purchased from

Sigma-Aldrich (St. Louis, MO, USA). Stock solutions of these
drugs were prepared in sterile distilled water with filtration.
We chose concentrations of these drugs that caused 80%-90%
growth reduction when used alone for HCT116 cell line: 25 uM
of L-OHP, 25 uM of 5-FU, and 25 uM of LV. Cells were exposed
to FL regimen (5-FU/LV) or folfox regimen (L-OHP/5-FU/LV) at
18 hours after transfection.

MTT assay
Cell viability was examined by routine 3-(4, 5-dimethylthiazol-

2+yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. The HCT116
cells were seeded at a density of 2x10* cells per well in 96-
well plates with RPMI1640 in a final volume of 100 uL. On the
following day, cells were treated with 10 or 30 nM of siRNA and
incubated for 6 hours and then treated with L-OHP, 5-FU, and
LV, and then incubated for 18 hours. For MTT assay, 5-mg/mL
MTT solution was added into each well. Following incubation

at 37°C for 4 hours, the reaction was stopped by the addition of
dimethyl sulfoxide. After the crystals dissolved, the absorbency
of the samples was determined at 550 nm.

Caspase activity analysis
Additionally, we analyzed the apoptotic activity of caspase

3 and caspase 7. The HCT116 cells were seeded at a density of
1X10° cells per well in 6-well plates. The cells were then treated
with 30nM of siRNA against livin, L-OHP/5-FU/LV, or siRNA
with L-OHP/5-FU/LV as previously described. The degree of
apoptosis was determined based on the expression of caspase
3 and caspase 7 measured using RT-PCR. The primers were as
follows: caspase 3, forward 5-GACTCTAGACGGCATCCAGC-3'
and reverse 5-TGACAGCCAGTGAGACTTGG-3, caspase 7,
forward 5-AGTGACAGGTATGGGCGTTC-3' and reverse 5-CGG
CATTTGTATGGTCCTCT- 3"

Statistical analysis
Each experiment was repeated two or more times. Bands

from RT-PCR were quantified with UN-SCAN-IT gel version 6.1
software (Silk Scientific Inc., Orem, UT, USA). mRNA levels were
calculated using B-actin levels as the reference. Statistical com-
parisons between different treatments were analyzed by Mann-
Whitney test and analysis of variance. All statistical analyses
were performed using SPSS ver. 16.0 (SPSS Inc., Chicago, IL,
USA). Statistical significance was considered when P-values
were less than 0.05.

RESULTS

Transfection of HCT116 cells with siRNA-Livin
We verified that livin gene expression was suppressed by

siRNA in our previous study [5]. In this study, siRNA was
transfected at different concentrations (10 and 30nM) into
HCT116 cells, and then livin gene expression was detected
by RT-PCR 18 hours after transfection. Transfection of siRNA
against livin was successful. Control HCT116 cells expressed
livin mRNA and this expression decreased after siRNA trans-
fection. Livin expression was effectively suppressed by 30nM
siRNA compared with control and 10nM of siRNA (Fig, 1).

Antiproliferative effect of silencing livin gene in
combination with anticancer drugs in HCT116

cells
To identify whether silencing livin affected the antitumor

effect of anticancer drugs, cells were transfected with siRNA
against livin and treated with anticancer drugs. siRNA was
transfected at different concentrations (0, 10, and 30nM) into
HCT116 cells, and then cells were treated with either 5-FU/LV or
L-OHP/5-FU/LV after 18 hours. To quantify the cellular viability,
MTT assay was performed.
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Fig. 1. Silencing of livin gene expression after siRNA transfection. Livin gene expression was effectively suppressed after trans-
fection of 30nM siRNA in HCT116 cells. Livin mRNA detected by reverse transcription-polymerase chain reaction. Columns =
means = standard deviation (n = 3). *P < 0.05. **P < 0.01. ***P < 0.001.
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Fig. 2. Antiproliferative effect of silencing livin gene in com-
bination with anticancer drug treatment. Proliferation of cells
treated with combination of siRNA-Livin and anticancer drug
was effectively inhibited. This effect was most prominent
with combination of 30nM siRNA and oxaliplatin/5-
fluorouracil/leucovorin. Cell viability was evaluated by 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
assay. Columns = means + standard deviation (n = 3). *P <
0.05. **P < 0.01. ***P < 0.001.

The MTT assay showed that the proliferation of cells treated
with a combination of siRNA and anticancer drug was effec
tively inhibited, compared with cells treated with siRNA-Livin
or an anticancer drug alone. Although the proliferation of cells
treated with 5-FU/LV in combination with 10nM of siRNA was
similar to cells treated with 5-FU/LV alone, the proliferation
of cells treated with the 30nM siRNA combination was
significantly inhibited. When cells were treated with L-OHP/5-
FU/LV with 10nM of siRNA, cellular proliferation was inhibited
by 20.9% compared to treating with L-OHP/5-FU/LV alone. The
combination of 30nM of siRNA and L-OHP/5-FU/LV resulted in
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Fig. 3. Caspase activity after siRNA transfection and treatment
with anticancer drugs. Expression of caspase 3 and 7 showed
greater decrease in cells treated with combination of 30nM
siRNA and oxaliplatin/5-fluorouracil/leucovorin (L-OHP/5-
FU/LV) compared with either siRNA or L-OHP/5-FU/LV
alone. Expression of caspase 3 and caspase 7 was evaluated
by reverse transcription-polymerase chain reaction.

a 93.8% and 91.4% decrease compared to untreated control or
L-OHP/5-FU/LV alone, respectively. As shown in Fig. 2, cellular
proliferation was most effectively suppressed by a combination
of 30nM of siRNA and L-OHP/5-FU/LV.

Determination of caspase 3 and caspase 7 activities
We investigated whether livin silencing with chemotherapy

induces apoptosis, resulting in suppression of cellular prolife-
ration. The expression of caspase 3 and caspase 7, common
markers for apoptosis, was evaluated by RT-PCR. The expression
of caspase 3 and 7 decreased more with the combination of
30nM siRNA and L-OHP/5-FU/LV compared with either siRNA
or L-OHP/5-FU/LV alone (Fig. 3). This result suggests that livin
silencing enhances the cytotoxic effect of anticancer drugs by
inducing apoptosis.
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DISCUSSION

In this study, we investigated the effect of a combination
treatment of siRNA-Livin and anticancer drugs in colon cancer.
Compared with single-agent treatments, the combination of
the siRNA-Livin and anticancer drugs displayed significantly
greater inhibition of growth in HCT116 cells. Above all, the
proliferation of cells was remarkably inhibited by up to 93.8%
compared to the untreated control when cells were treated with
L-OHP/5-FU/LV with 30nM of siRNA. Our results showed that
treatment with L-OHP/5-FU/LV and siRNA-Livin produced a
synergistic effect in HCT116 cells,

Many studies have revealed that silencing the livin gene
inhibits cell proliferation and induces apoptosis in lung cancer,
gastric cancer, and liver cancer [7-10]. Especially, some studies
have investigated the role of Livin on drug response in several
types of cancer. A study observed that knockdown of livin
gene expression increased apoptosis in colon cancer cells that
were resistant to several chemoagents [11]. In other studies,
silencing of livin reduced drug resistance to chemotherapy in
glioblastoma, melanoma, and lung cancer [12-14]. In addition,
several studies have reported a synergetic anticancer effect
when silencing of the livin gene is combined with chemo-
therapy [15-19].

Livin, a member of the IAP family, is composed of 280 amino
acids and has a single baculovirus IAP repeat domain and a
COOH-terminal RING domain [20]. Livin inhibits apoptosis
by binding to caspase 3, caspase 7, and caspase 9, and protects
cells from various proapoptotic stimuli [20,21]. Livin has been
the focus of cancer therapy because it is easy to handle due
to its small size, and it is rarely detected in normal tissues
[20]. siRNA transfection targeting specific genes is relatively
easy and thus has been used widely as a therapeutic strategy
for numerous diseases including cancer [22]. In our previous
study, we reported the use of siRNA targeting of livin as a
treatment for colon cancer [6]. We used siRNA against livin
at different concentrations of 25, 50, 100, 150, and 200nM
in HCT116 colon cancer cells, and then detected expression
of Iivin mRNA at 18, 24, and 30 hours after transfection. We
found that the expression of livin was effectively suppressed
by 25nM of siRNA at 18 hours after transfection. In this study,
we transfected siRNA-Livin at 10 and 30nM, and then detected

livin mRNA levels at 18 hours after transfection.

Chemotherapy has contributed to the improvement in the
survival rate of cancer patients, but toxicity and resistance
are major obstacles to successful treatment. Exposure of
cancer cells to a single cytotoxic agent can cause resistance to
unrelated agents. Therefore, the combination of chemotherapy
and other modalities is often attempted to enhance the efficacy
of chemotherapy [23]. It is possible that combination therapy
with siRNA-Livin may be useful in patients who have resistance
to 5-FU- or L-OHP-based chemotherapy. In addition to the
antitumor effect, the systemic toxicity of treatment should be
considered. In our previous study using a mouse xenograft
model [5], we observed no significant toxic effects, so it may
be that siRNA targeting of livin can be used in colon cancer
therapy without systemic toxic effects in vivo. Thus, a regimen
with combined use of siRNA-Livin and anticancer drugs may
emerge as a potent and safe strategy for the treatment of
colorectal cancer.

There were some limitations in our study. We used one
cell line and did not confirm in vitro results with in vivo
experiments. We did not evaluate the toxic effect of combined
treatments with siRNA-Livin and chemoagents, although we
identified that there was no significant toxicity of siRNA-
Livin in vivo in our previous study. In addition, we did not
investigate the mechanism of the synergetic antiapoptotic effect
of siRNA-Livin and chemoagents. However, we showed that
the expression of caspase 3 and 7 decreased following siRNA
treatment, which indicates that siRNA transfection against
Livin induces caspase dependent apoptosis in colon cancer
cells.

In conclusion, siRNA-mediated down-regulation of livin gene
expression could significantly suppress colon cancer growth
and enhance the cytotoxic effects of anticancer drugs such as
5-FU and L-OHP. The results of this study suggest that silencing
the livin gene might be a novel cancer therapy when used
in combination with anticancer drugs for treating colorectal
cancer.
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