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Abstract

AIM: To evaluate the effect of silencing L/vin gene ex-
pression with siRNA to apoptosis and proliferation in a
colon cancer cell line.

METHODS: To investigate the anticancer effect of si-
lencing Livin gene expression, we established an siRNA
transfected cell line using the HCT116 colon cancer cell
line. After confirming the successful transfection, MTT
assay, flow cytometry and annexin V staining were em-
ployed to evaluate the antiapoptotic effect. To confirm
the /n vivo effect of Livin-siRNA, different doses of Livin-
siRNA were injected into xenografted tumors in BALB/c
nude mice model.

RESULTS: Livin expression was dramatically decreased
after siRNA transfection, especially at 25 umol/L of siRNA,
but this suppression was not dose-dependent. The cell
count at 18 h after transfection was significantly reduced
as compared with controls (P < 0.01), but tended not to
decrease proportionally depending on transfected dose
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or time. MTT assay revealed that silencing the L/ivin gene
suppressed cellular proliferation at 18 h after transfection
(P = 0.04); however, the inhibitory effect disappeared
thereafter. Also, there was no significant difference in cel-
lular proliferation depending on siRNA dose. The rate of
apoptosis also increased with silencing of the Livin gene.
In vivo, the tumor size significantly decreased after Livin-
siRNA injection at 20 umol/L concentration (P = 0.03).
There were no significant body weight changes of mice
after siRNA injection. Histologic examination revealed no
significant toxic reaction in kidney, liver and brain of mice.

CONCLUSION: siRNA-mediated downregulation of Livin
expression can induce apoptosis in colon cancer in vitro
and /n vivo, which suggests the possibility of new cancer
therapeutics using siRNA.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colon cancer is one of the most common malignancies
wortldwide and has shown increased incidence, especially
in developing countries'. Until recently, a major treatment
strategy has been surgical resection that shows good out-
come over other treatments. With the activation of a screen-
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ing program, eatly cancer, less than stage I, is curable with
only surgical treatment. But the treatment results for meta-
static disease ate still unsatisfactory with surgery alone. In
these cases, clinicians consider other treatment options such
as chemotherapeutic agents and targeted agents. Recently,
development of techniques in manipulation of nucleic acids
makes gene therapy possible to adopt in cancer therapy.

RNA interference (RNAI) is a fundamental protective
process in eukaryotic cells including invertebrates and ver-
tebrates, which is able to block harmful signal by targeting
complementary mRNA and cleaving thereof™”. Small inter-
fering RNA (siRNA) is fragments from double-stranded
RNA by the enzyme Dicer””. The natural role of RNAi
is supposed to be a defense mechanism against some viral
infection or deleterious genomic instability. This special
mechanism has been of great interest recently as siRNA
targeting small genes are easily manufactured and applied
to major clinical problems such as cancer, asthma, inflam-
matory disease and infection”. This methodology is be-
coming a powerful tool for new drug development in such
areas and is replacing the techniques of using antisense
oligonucleotide and ribozymes™.

Livin, a 280 amino acid protein and a member of
the mammalian type of inhibitor of apoptosis (IAP), are
well-conserved proteins across the species. It has a single
baculovirus IAP repeat (BIR) domain and a COOH-
terminal RING domain and is localized predominantly in
the nucleus and a filamentous pattern of cytoplasm". The
Livin gene spans 46 kb and is located on chromosome 20
at band qlSUOJ. The major function of Livin is an inhibi-
tion of apoptosis by binding to caspase 3, caspase 7 and
caspase 9 and also in inhibition of proteolytic processes of
caspase 9" Tts overexpression protects cells from vari-
ous proapoptotic stimuli.

The expression of Livin, similar to expression of Sut-
vivin, is rarely detected in normal adult tissues but exists
abundantly in cancerous tissues and transformed cells".
The overexpression of Livin protein has been reported in
colorectal cancer, leukemia, hepatocellular carcinoma, and
melanoma'. Recently, major attention has been focused
on the IAP family, especially Survivin and Livin, as they are
casy to handle in the genetic field due to their small size.
Moreover, the lack of expression in normal adult tissues of
Livin is a very attractive characteristic in cancer therapym.

In this study, we used siRINA targeting to Livin trans-
fection into the HCT116 colon cancer cell line to confirm
the antitumor effect and blockade of Livin gene and
performed an additional 7z viwe study using BALB/c nude
mice xenografts to determine the direct tumor regression
effect of Livin silencing with siRINA. These results sug-
gested that Livin is an effective target for colorectal cancer
treatment using siRNA technique.

MATERIALS AND METHODS

Materials

Cell culture-The HCT116 colon cancer cell line, purchased
from Korean cell line bank, was grown in RPMI1640
medium (Life Technologies, Inc., Grand Island, NY) sup-
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plemented with 10% fetal bovine serum (FBS, Life Tech-
nologies, Inc.), penicillin (100 U/mL) and streptomycin
(100 g/mL). Cells were maintained at 37°C in a humidified
atmosphere of 50 mL/L COs.

RT-PCR procedure

Total RNA was extracted using the Trizol reagent (Invitro-
gen, Carlsbad, CA). The method for extracting total RNA
was according to the manufacturer’s protocol. RNA samples
were quantified at 260 nm using spectrophotometry. One pg
of total RNA was reacted for 15 min at 42°C using the Pro-
mega’s Reverse Transcription System (Promega Corp., Madi-
son, WI), reacted for 5 min at 95°C, and cDNA was obtained.
For polymerase chain reaction (PCR), cDNA (3 uL) was
obtained by reverse transcription, 0.1 ymol primers, 1.25 pL.
GoTaq DNA polymerase, 0.2 mmol/L deoxynucleotide
triphosphate (ANTP), 1 Go Taq reaction buffer and each
primer was added, and DNA was amplified by performing
PCR with primer of Livin; forward, 5-GTCAGTTCCT-
GCTCCGGTCAA-3; reverse, 5-GGGCACTTTCAGACT-
GGACCTC-3. Electrophoresis of PCR products was per-
formed on 1.5% agarose gel and examined by staining with
ethidium bromide. By measuring the brightness of bands
using a densitometer, their amount was quantified using the
value of B-actin as the standard value.

SiRNA design and preparation

Synthetic 21-nt RNAs were purchased from Dharmacon
Research (Lafayette, CO; in deprotected, desalted, and an-
nealed form.). We used 4 primers for silencing the Livin
gene to improve the blocking efficiency. The target sequenc-
es of Livin for production of siRNA were 5-GGAGAGA-
GGTCCAGTCTGA-3", 5-GGAAGAACCGGAAGAC-
GCA-3", 5'-GCTCTGAGGAGTTGCGTCT-3" and
5-GCTCTGAGGAGTTGCGTCTTT-3". The nonspecific
control siRNA duplex was also purchased from Dharma-
con Research.

Briefly, centrifuge tubes containing siRNA to ensure
that the siRNA pellet was collected at the bottom of the
tube. Resuspended siRNA to a convenient stock concen-
tration with 1X siRNA buffer (Dharmacon, Inc., Lafayette,
CO). After placing the solution on a shaker for 30 min at
room temperature, the concentration of siRNA was veri-
fied using UV spectrophotometry at 260 nm.

HCT116 cells were diluted in fresh media without anti-
biotics and transferred to six-well plates (1 X 10° cells/ well)
24 h before transfection and maintained at 37°C in a hu-
midified atmosphere of 50 mL/L. HCT116 cells gtown to a
confluence of 40%-50% were transfected with siRNA using
Lipofectamine 2000 (Life Technologies, Inc., Grand Island,
NY) according to the manufacturer’s recommendations. To
detect the transfection efficiency, the cells were analyzed by
FACSan (Becton Dickson, San Jose, CA) 6 h after transfec-
tion with FITC-labeled siRNA. After transfection, the cells
wete incubated and then used to various analyses.

MTT assay

Cell viability was examined by routine 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
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HCT116 cells (1 X 10°) were planted in 96-well plates with
RPMI1640 in a final volume of 500 pL. On the following
day, cells were treated with increasing concentration of
siRNA and cultured for 48 h, then cell proliferation was
assessed by MTT assay. Following incubation at 37°C for
3 h, the reaction was stopped by the addition of 150 pL
DMSO. After the crystal dissolved, the absorbency of the
samples was determined at 492 nm.

Cell counting

HCT116 cells were planted in 24-well plates with RPMI
1640. Cells were treated with increasing concentration of
siRNA and cultured for 48 h, then cells were collected by
trypsinization, mixed in PBS and trypan blue added. Cells
were counted using a microscope counting chamber.

Flow cytometric analysis

At 24 h after transfection, HCT116 cells on 60-mm tissue
culture plate were treated with 1 X trypsin-EDTA (Invi-
trogen, Carlsbad, CA) for 5 min at 37°C; cells were then
removed from the plate by gentle scraping, dispersed into
cold PBS and washed twice. The cells were resuspended in
1 X binding buffer at a concentration of approximately 1
x 10° cells/mL. Five uL. of Annexin V- FITC and 10 L.
of PI were added to each cell suspension and incubated at
room temperature for 10 min in the dark. The cells were
subjected to fluorescence estimation using a FACS Calibur
flow cytometer. Uninoculated cells stained with Annexin V-
FITC and PI were used to determine background levels of
apoptosis.

Xenograft model

All animal experiments in this report were performed with
approval of the Institutional Animal Care & Use Com-
mittee in Ewha Womans University, School of Medicine.
The 4-wk-old male BALB/c nude mice were grown in a
sanitary room and adjusted for 1 wk before the start of
the experiments. Viable HCT116 colon cancer cells (2.0 X
10 in PBS/100 pl) were injected subcutaneously into the
right flank of the nude mice. Three weeks after tumor cell
inoculation with confirmation of successful maturation of
tumors, mice were divided randomly into four groups (ten
mice per group) and wete treated weekly for 4 wk by way
of center-intratumoral direct injection at different doses (10,
20, 50 pmol/ L) of siRNA manufactured with atelocollagen
to achieve effective delivery. To prepare the siRNA/atelo-
collagen complex, equal volumes of atelocollagen (Atelo-
Gene® Systemic Use; Koken, Tokyo, Japan. 0.1% in PBS
at pH 7.4) and siRNA solution were combined and mixed
by rotation for 20 min at 4°C. In the control group, pure
PBS was injected using the same method. The tumors were
monitored with a caliper every week over a 4 wk period
after siRNA transfection. Tumor volume for each mouse
was determined (in cubic millimeter) by measuring in two
directions and was calculated as tumor volume = length X
(width)*/2. Also, body weight of each mouse was moni-
tored and recorded. Five weeks after the last siRINA injec-
tion, all mice were sacrificed according to the animal experi-
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Figure 1 Transfection efficiency. Successful transfection of small interfering
RNA was detected with fluorescence staining in HCT116 cell line. A: HCT116
cell culture; B: HCT116 cell with transfection.

mental guidelines and the xenografted tumors were excised
and prepared with a routine pathological procedure. Tumor
sections were deparaffinized and subjected to Hematoxylin
and Eosin staining in the usual manner.

Statistical analysis

Each experiment was repeated three times or more. Bands
from RT-PCR were quantified with Quantity One software
(Bio-Rad, Hercules, CA). mRNA levels were calculated by
referring them to the amount of b-actin. The difference
between means was performed with analysis of variance.
All statistical analyses were performed using SPSS 11.0
software (SPSS, Inc., Chicago, IL). Statistical significance
was considered when the P value was less than 0.05.

RESULTS
Transfection of siRNA-Livin to HCT 116 cell line

To identify whether Livin expression was affected by
siRNA, we transfected siRNA at different concentra-
tons (25, 50, 100, 150 and 200 umol/L) to HCT 116 cell
line, and then detected Livin density at 18, 24 and 30 h
after transfection by RT-PCR.

Successful transfection of siRNA was detected with
fluorescence staining (Figure 1) and expression of Livin
gene was compared to f3-actin. Control HCT 116 cells
expressed Livin very well and this expression was dramati-
cally decreased after siRNA transfection. But this effect
was attenuated with time and Livin expression was re-
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Figure 2 Change of Livin expression after small interfering RNA transfection. This figure shows Livin expression (%) in HCT116 cells at 18, 24 and 30 h post-trans-
fection with 25, 50, 100, 150 and 200 umol/L of sSiRNA. Livin expression was compared with 3-actin by Western blotting. A: Livin expression at 18 h post-transfection. It was
effectively suppressed by 25 umol/L of siRNA, but this suppression was not dose-dependent; B: Livin expression at 24 h post-transfection; C: Livin expression at 30 h post-
transfection; It was retrieved 30 h after transfection.
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Figure 3 Cell counting after small interfering RNA transfection in HCT116 cell line. We estimated cell count (%) of each groups in HCT116 cells after Livin
silencing with 25, 50, 100, 150 and 200 pumol/L of siRNA. The cell count at 18 h after transfection was the most effectively reduced, but this effect was not time-depen-
dent or dose-dependent. A: Cell count at 18 h post-transfection was significantly reduced as compared with control. (P < 0.01); B: Cell count at 24 h post-transfection; C:

Cell count at 30 h post-transfection.

trieved 30 h after transfection. Livin expression was most
effectively suppressed at 25 umol/L of siRNA, but this
suppression was also not dose-dependent (Figure 2).

Reduction of viable cell numbers with siRNA to Livin
First, we estimated cell counts of each group to evaluate
tumor cell growth after Livin silencing. We analyzed cul-
tured cells grown in three dishes per group at one time,
and repeated this study three times. As seen in Figure 3,
the cell count at 18 h after transfection was significantly re-
duced as compared with control (P < 0.01), but tended not
to decrease proportionally depending on transfected dose
or relapsing time.

Suppression of cellular proliferation by SiRNA

To quantify the cellular viability, MTT assay was per-
formed. The MTT assay showed that, compared with con-
trols, the proliferation of cells transfected with siRNA was
remarkably inhibited at 18 h after transfection (P = 0.04),
but the inhibitory effect disappeared thereafter, which in-
dicated that the number of viable cells began to increase.
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There was no significant difference in cellular proliferation

depending on siRNA dose (Figute 4).

Induction of apoptosis by SiRNA

Flow cytometric analysis after Annexin V staining was
performed to investigate whether Livin-silencing induces
apoptosis resulting in reduction of cell count or suppres-
sion of cellular proliferation as per the above findings. As a
result, the apoptotic rate was increased continuously since
50 umol/L of siRNA was treated. The apoptotic rate in
control was 3.91%, the apoptotic rate of cells transfected
with siRNA 50 prnol/ L was 30.32%. The apoptotic rates
of cells transfected with siRNA 100 ymol/L, 150 ymol/L
and 200 umol/L increased to 32.88%, 36.91% and 45.08%,
respectively (Figure 5). The apoptotic rate was increased
dose-dependently, but the necrotic portion was also in-
creased. So, it was thought low dose siRNA was more ef-
fective in the clinical setting,

Change of tumor volume in vivo after siRNA treatment
Next, we designed a xenograft model to identify the po-
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Figure 4 MTT assay after small interfering RNA transfection in HCT116 cell line. A: The proliferation of cells transfected with siRNA was remarkably inhibited at 18 h post-
transfection (P = 0.04); B and C: Cellular proliferation at 24 and 30 h post-transfection. The inhibitory effect shown A disappeared, cellular proliferation was similar with control.
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Figure 5 Results of Annexin V staining after small interfering RNA transfection in HCT116 cell line. The apoptotic portion (right lower quadrant) was increased
continuously after siRNA transfection, but the necrotic portion (right upper quadrant) was also increased. A: The apoptotic rate of staining was 0.26%; B: The apoptotic rate
of control was 3.91%; C: The apoptotic rate of cells transfected with SIRNA 50 pmol/L was 30.32%; D: The apoptotic rate of cells transfected with siRNA 100 umol/L was
32.88%; E: The apoptotic rate of cells transfected with SIRNA 150 umol/L was 36.91%; F: The apoptotic rate of cells transfected with SIRNA 200 umol/L was 45.08%.

tential 7z vivo effects of siRNA on inhibition of the pro- ever, there was no difference in antitumor effect between
liferation of colon cancer cells. Viable HCT 116 colon 20 umol/L and 50 umol/L in the transfected group.
cancer cells were injected subcutaneously into the right In the first study series, we detected that siRNA
flank of the nude mice. 20 umol/L was the most effective dose for reduction of
In the first series of experiments, the inoculated mice tumor growth in xenograft models. Thereafter, in the sec-
were divided randomly into four groups of ten mice each ond series of experiments, we divided the inoculated mice

and were treated with different doses of siRNA (control, randomly into two groups (control group and siRNA
10, 20 and 50 pmol/L) weekly, for 4 wk. Over a 4 wk pe- 20 pmol/L treated group) of ten mice per group. The

riod after siRNA injection, the tumor volumes were esti- mice of the siRNA 20 pmol/L treated group were injected
mated every week. As seen in Figure 6, the rates of tumor with siRNA daily for 4 wk, and then the tumor volumes
growth significantly decreased in higher than 20 ymol/L were measured every week during that period. The result
transfected groups with siRNA as compared with the was similar with the previous experiment; the mean volume
control group 2 wk following treatment (P = 0.03). How- of tumors decreased in transfected groups with siRNA

(49

Boishidonge  WIG | www.wijgnet.com 2567 May 28, 2011 | Volume 17 | Issue 20 |



Oh BY et a/. siRNA therapy in colon cancer

1.2 1

—— control
,,,,,,,,, SIRNA-10 pmol/L
1.0 ... siRNA-20 umol/L
— siRNA-50 umol/L
= L
5 0.8 P > 0.05
“E’ L P =0.03
5 06 F P =0.03
g 04
2
0.2
00 ‘ ‘ ‘
0 1 2 3 N

t/wk

Figure 6 Tumor volume after small interfering RNA intratumoral injection
in vivo. The inoculated mice were divided into four groups and were treated
with different doses of siRNA (10, 20 and 50 umol/L) weekly for 4 wk; tumor
volumes were checked every week. In higher than 20 pmol/L siRNA, the tumor
volumes were significantly decreased as compared with control group from 2 wk
after transfection (P = 0.03).

20 pmol/L as compared with control groups (Figure 7).
To evaluate the toxic effect of siRNA  vivo, the body
weights of mice were taken during the experimental
petiod. The body weight of mice in all groups slightly
increased over the entire experimental period; there were
no significant body weight changes after siRNA injection
compared to the control group. Histologic examination
was performed with tissues taken from sacrificed mice af-
ter experiment completion. It revealed no significant toxic
reaction in kidney, liver and brain of siRNA treated mice
compared with the control group (data not shown).

DISCUSSION

Eight human IAP molecules have been reported to date;
NAIP (BIRC1), c-IAP1 (BIRC2), c-IAP2 (BIRC3), X-linked
IAP (XIAP, BIRC4), Survivin (BIRC5), Apollon (BRUCE,
BIRCG), Livin/ML-IAP (BIRC7), and IAP-like protein 2
(BIRC8)™. They are categorized as IAP by the presence
of a baculovirus IAP repeat (BIR) protein domain, which
forms a zinc-fold, a critical motif for regulating apoptosis.
Many in this family also harbor a COOH-terminal RING
finger domain. The BIR domain constitutes the zinc-fold,
which is the important motif in delivering the anti-apop-
totic signalspj. It has been proposed that endogenous Livin
has a minor direct effect on caspase activity whereas its
anti-apoptotic effect could be ascribed to its antagonizing
activity on the XIAP-Smac/DIABLO interaction and has
been regarded as counteraction molecules against apopto-
sis through the blocking the terminal effectors such as cas-
pases, thus far'?. That the IAPs are highly conserved from
yeast to mammals suggests the importance of this family
in maintain life"". There are numerous reports on over-
expression of the IAP family in cancer tissues to normal
counterparts. The role of Survivin and Livin, in particular,
in carcinogenesis has been well confirmed to date.

Livin was reported in 2001 as a novel IAP family pro-
tein”. The overactivity of Livin was regarded as a predic-
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Figure 7 Tumor xenograft in nude mice. The inoculated mice were divided
into two groups (control and siRNA-20 umol/L treated group), and then tumor
volume was measured in the the same manner as described in Figure 6. A:
Control group; B: siRNA-20 umol/L treated group. The tumor volume was dra-
matically decreased as compared with control.

tor of poor prognosis in cancer patients and a resistance
factor to chemotherapeutic agents or radioactive drugs in
several cancers'™'". The overexpression of Livin mRNA
has been found in some tumors including melanoma,
breast, cervical, colon and prostate cancers, as well in leu-
kemia, in lymphoma and in hepatoma cell lines"”. More-
ovet, researchers have shown that only overexpression of
Livin-o isoform is correlated with high risk of relapse in
bladder cancer!",

In the previous study, Livin gene was expressed well
in the stools of colon cancer patients as opposed to the
healthy control group. This finding suggests that the ex-
foliated cancer cells from the gastrointestinal tumors were
contained in the patients’ stool and overexpressed tumor
related genes such as Livin were detected from the stool.
Based on this result, we chose Livin gene as a treatment
target in this experiments.

In recent years, numerous genetic engineering tech-
niques were introduced in drug development markets
wortldwide such as antisense oligonucleotides, aptamer (single
stranded nucleic acids), use of ribozymes, dominant nega-
tive mutant construction and siRNA. We focused on siRNA
technology because of its target sequence-specific degrada-
tion ability and relatively simple application procedure.

In higher organisms, defense mechanisms are more
complex but long dsRNAs should not be used as an
experimental tool to trigger RNAi in mammalian cells.
Long dsRNAs are processed by the endonuclease Dicer

May 28, 2011 | Volume 17 | Issue 20 |



into short 21 bp duplexes with siRNA instead of direct
suppression””, RNA interference is a post-transcription-
al regulation process which exploits a complex pathway
that regulates gene expression and includes machinery
for sequence specific mRNA degradation[&m].

But there are still some limitations to overcome in ap-
plying siRNA in clinical fields. The greatest interference
is the short half-life of the delivered siRNA 7z vivo due
to renal clearance. Another is a normally existing RNase
activity that can degrade siRNA administered artificially.
The next key to successful 7z vivo application of siRNA is
the delivery system. Transfering the siRNA into target tis-
sues and into the cell cytoplasm is not easily achieved and
a most delicate process is required to get the therapeutic
potential. Usual methods to achieve maximum therapeutic
effects are lipid or protein carriers, liposomes, antibody
promoter fusions, cyclodextrin nanoparticles, fusogenic
peptides, aptamers, biodegradable polylactide copolymers
and polymers'"”

There are several reports on siRNA targeting Livin
treatments for cancer in the literature. Crnkovic-Mertens
et al™ first reported the induction effects of apoptosis
with Livin targeted-siRNA in a HelLa cell line. Their results
suggested that the possibility of intracellular interference
with Livin gene expression sensitized human tumor cells
to apoptosis. Recently, Wang ¢ al” investigated the apop-
totic susceptibility of the SGC-7901 gastric cancer cell
by shRNA-mediated silencing of the Livin gene. When
Livin gene was silenced, the reproductive activity of the
gastric cancer cells was significantly lower than the con-
trol groups (P < 0.05). The study also showed that IC50
of 5-FU and cisplatin on gastric cancer cells treated by
shRNA decreased and the cells were more susceptible to
proapoptotic stimuli (5-FU and cisplatin) (P < 0.01). In an-
other study®™”, it was reported that expression of Livin was
downregulated by siRNA in dose- and time-dependent
manners, and silencing Livin promoted apoptosis in malig-
nant melanoma LiBr cells. They also demonstrated that si-
lencing Livin by siRNA leads to cell cycle arrest at the GO/
G1 phase, reducing the rate of DNA synthesis or resulting
in apoptosis. With these promising results, a combination
treatment of Livin-targeting siRNA with proapoptotic
drugs appears to be more effective in clinical perspectives.

In this study, we confirmed that silencing of Livin
gene expression with siRNA was well documented in
HCT116 colon cancer cells associated with an increased
apoptotic response. In preliminary experiments, we tested
the expression of Livin immediately, 2, 6, 12 and 24 h
after treatment of siRNA (data not shown). The decrease
of Livin expression was notable from 2 h after treatment
but the effect was not much different before 24 h, so we
extended the time to 30 h after treatment of siRNA. Test-
ing dosage was arranged from 25 to 200 umol/L, but the
silencing effect of siRNA was not proportional in order
of concentration. It was possible that a very small amount
of siRNA could create the action to achieve the silencing
of Livin gene in the cell line. Unfortunately, the silencing
effect weakened from 24 h after treatment, which means
duration of siRNA to Livin is very short and time limited.

(4 9
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Another consideration is the proliferation of the cells not
influenced by siRNA affected the total expression of the
Livin with time. On the other, the cell count decreased
45% with 25 ymol/L siRNA at 18 h after treatment and
lasted for 30 h and cellular proliferation counted by MTT
assay revealed the same results with cell counting, Prolif-
eration was mote influenced by siRNA treatment in the
carly phase compared to the decrease of total cell count
numbers. With this phenomenon apoptosis increased 24 h
after treatment with dose dependent manner. To integrate
the full results, silencing of Livin in colon cancer cell was
easily achieved with siRNA treatment into the induction
of apoptosis from minimal dosage only in 7 vitro environ-
ment.

We used the mouse xenograft model to identify the
antitumor effect of siRNA to Livin iz vivo. We selected the
direct intratumoral injection method to verify the direct
effect on tumors. In the clinical setting, it is very difficult
to use the infected cells of siRNA before confirmation
of drug safety regulation, so direct implication to the
tumor itself would be more readily applicable to the hu-
man body. Because of the limitation of uptake of siRINA,
we adopted atelocollagen in this experiment to obtain
maximal therapeutic effects. Atelocollagen is derived from
type 1 collagen of calf dermis by pepsin digestion. A
telopeptide that is an amino acid sequence of N- and C-
terminal of the collagen contains the most antigenicity.
Atelocollagen has limited antigenicity because of a lack
of telopeptides, so it is more easily applicable to drug
delivery processes. It is well confirmed that atelocollagen-
siRNA complexes are taken up into cells to achieve a
silencing effects. Also, atelocollagen-siRNA complexes are
resistant to nucleases, which is another important advan-
tage in siRNA application iz »ir"”. Several reports were
found in the database revealing siRNA effects with atelo-
collagen complex. Atelocollagen is one of the more useful
DDS available in clinical settings. Kawata ez al™ reported
PLK-1 (polo-like kinases-1) siRNA with atelocollagen in
hepatic metastatic cells from lung cancer. Takeshita ez al™
demonstrated the evidence of tumor targeted delivery
of systemically administered siRNA with atelocollagen,
injected siRNA intracardiac to luciferase and luciferase-ex-
pressing bone-metastatic tumor models. In another study,
a therapeutic effect via atelocollagen-mediated systemic
administration of siRNA targeting Bcl-xL. into pregrown
PC-3 xenografts was reportedm.

A number of studies have reported antitumor ef-
fects of siRNA 7 vivo. Verma ef al” demonstrated that
siRNA was effective in reducing growth of HCT116
cells in nude mice. These mice were injected with
HCT116 cells intraperitoneally and then were treated
with siRNA directed against -catenin, the regulator of
cellular proliferation in colon cancer. There was a signifi-
cant decrease in the tumor size of cells transfected with
siRNA directed against B—cateninm. In another study, it
was found that transfected HCT116 colon cancer cells
with siRNA against Survivin, a type of IAP family such
as Livin, significantly decreased in size as compared with
controls in xenograft models™. In a recent study, it was
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Figure 8 Hemorrhagic necrosis in small interfering RNA injection site. The
inoculated mice were injected with siRNA via the intratumoral route; there was
local hemorrhagic necrosis in the direct injection site of SIRNA.

observed that siRNA against Survivin remarkably in-
duced apoptosis in SW480 cell as a consequence of the
inhibition of Survivin and led to significant inhibition of
tumor growth i vivd".

In our xenograft model, the rates of tumor growth
were significantly decreased in higher than 20 umol/L
transfected groups with siRNA as compared with control
groups. This antitumor effect tended to be greater at a
higher dose of siRNA but the differences between each
group were not statistically significant. So it would be ex-
pected that a low dose of siRNA showed a satisfactory
effect on tumor suppression. In addition to the antitumor
effect, toxic effects of treatment should be considered.
Some therapeutics have been associated with toxic side
effects such as weight loss and other organ injury. These
systemic toxicities may be related with higher morbidity
and lower response rate, resulting in poorer survival. Thus,
if there are systemic toxicities caused by drugs, no mat-
ter how effective, they should not be used. In this study,
measured body weights of mice had no differences, and
there were no significant pathologic findings on tissues
withdrawn from siRNA-treated group. For these reasons,
it could be thought that siRNA targeting Livin can be used
in colon cancer therapy without systemic toxic effects 7
vive. In our present study, another interesting finding was
detected despite an effective reduction of tumor size with
siRNA. Local hemorrhagic necrosis was seen in the intra-
tumoral injection site of siRNA with syringe, this finding
was not identified in other studies (Figure 8). If there are
local side effects such as this, even though there is no evi-
dence of systemic toxicity of siRNA, we should carefully
determine administration routes to develop antitumor treat-
ments using siRNA.

In conclusion, siRNA-mediated downregulation of
Livin expression can induce apoptosis in colon cancer 7
vitro and in vivo, which implies new potential cancer thera-
peutics using siRNA in colon cancer.

COMMENTS

Background

Colon cancer is one of the most common malignancies and has increased
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in incidence in recent years. Several treatment modalities have been used,
especially in metastatic diseases. Several studies have been reported to implicate
gene therapy for metastatic colon cancer. Livin, a type of inhibitor of apoptosis,
protects cells from various proapoptotic stimuli. So Livin is an effective target for
colorectal cancer treatment.

Research frontiers

The overexpression of Livin has been reported in colorectal cancer. However,
the direct tumor regression effect of Livin silencing has not been unequivocally
addressed. In this study, the authors investigate the effect of silencing Livin gene
expression with siRNA to apoptosis and proliferation in colon cancer cell line.

Innovations and breakthroughs

There are several reports on siRNA targeting Livin treatments for cancer. But
these studies were nearly all performed in vitro and there were few studies
about colorectal cancer. In this study, the authors confirmed that silencing of
Livin gene expression with siRNA was well documented in vitro and in vivo,
especially in colorectal cancer.

Applications

siRNA-mediated downregulation of Livin expression can induce apoptosis in colon
cancer in vitro and in vivo, which may imply new potential cancer therapeutics
using siRNA in colorectal cancer.

Terminology

Livin is a 280 amino acid-protein and a member of the mammalian type of
inhibitor of apoptosis. It inhibits apoptosis by binding to caspase 3, caspase 7 and
caspase 9. Its overexpression protects cells from various proapoptotic stimuli,
and is shown in numerous cancers. RNA interference is a fundamental protective
process in eukaryotic cells, which is able to block harmful signals by targeting
complementary mRNA and cleaving it. The role of RNAi is supposed to be a
defense mechanism against deleterious genomic instability.

Peer review
The experiments are properly performed, and findings support their conclusion.
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