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Abstract

Objectives: This study aimed to investigate the effects of
specific gene silencing in colorectal cancer cells. Clusterin
protein was found in the serum samples of colorectal
cancer patients infected with Schistosoma mansoni
previously.

Methods: For this reason, silencing clusterin mRNA in
colorectal cancer cells was first performed to study the
cytotoxic effect by lactate dehydrogenase assay. Next,
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propidium iodide staining and flow cytometry were per-
formed to investigate the cell cycle profile in clusterin-
silenced cells. A wound-healing assay was also used to
examine the migration rate of clusterin-silenced cells. The
mRNA expression of cell proliferation- and migration-
related genes was then assessed by real-time PCR.
Results: Clusterin mRNA silencing caused a significant
reduction in cell growth but induced no cell cycle arrest or
potential apoptosis in all cells. It was found in this study
that cell migration rate was inhibited in clusterin-silenced
cells. Surprisingly, significantly induced chemokine (C-C
motif) ligand 5 (CCL5) mRNA expression was detected in
clusterin-silenced Caco2, which indicated that the cell
proliferation and migration of clusterin-silenced Caco2
were likely associated with CCL5 mRNA expression.
Conclusions: Clusterin may be a potential target for
regulation, staging, surveillance, and developing a cost-
effective therapeutic agent for treating parasite-infected
Caco2 type of colorectal cancer patients.

Keywords: CCL5 mRNA expression; clusterin mRNA
silencing; colorectal cancer cells; migration inhibition;
proliferation reduction.
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Amag: Bu calismada kolorektal kanser hiicrelerinde spe-
sifik gen susturmanin etkilerinin arastirilmasi1 amaglandi.
Daha 6nce, Schistosoma mansoni ile enfekte kolorektal
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kanser hastalarinin serum orneklerinde Clusterin proteini
bulunmustu.

Yontemler: Bu nedenle, laktat dehidrojenaz testi ile sito-
toksik etkiyi incelemek icin ilk olarak kolorektal kanser
hiicrelerinde clusterin mRNA’sinin susturulmasi gercek-
lestirildi. Daha sonra, clusterin’i susturulmus hiicrelerde
hiicre dongiisii profilini arastirmak i¢in propidium iyodiir
boyama ve akis sitometrisi yapildi. Ayrica, clusterin’i
susturulmus hiicrelerin gé¢ hizini incelemek i¢in yara iyi-
lestirme analizi kullanildi. Daha sonra, hiicre prolife-
rasyonu ve migrasyonla ilgili genlerin mRNA ekspresyonu
gercek zamanli PCR ile degerlendirildi.

Bulgular: Clusterin mRNA susturma, hiicre biiyiimesinde
onemli bir azalmaya neden oldu, ancak tiim hiicrelerde
hiicre dongiisii durmasina veya potansiyel apoptoza neden
olmadi. Bu ¢alismada clusterin’i susturulmus hiicrelerde
hiicre g6¢ hizinin engellendigi bulundu. Sasirtici bir
sekilde, clusterin’i susturulmus Caco2’de 6nemli 6lciide
indiiklenmis kemokin (C-C motifi) ligand1 5 (CCL5) mRNA
ifadesi tespit edildi; bu, clusterin’i susturulmus Caco2’nin
hiicre cogalmasinin ve gociiniin muhtemelen CCL5 mRNA
ifadesi ile iliskili oldugunu gosterdi.

Sonuglar: Clusterin, parazitle enfekte Caco? tipi kolorektal
kanser hastalarini tedavi etmek icin diizenleme, evreleme,
gbzetim ve uygun maliyetli bir terapdtik ajan gelistirmek
icin potansiyel bir hedef olabilir.

Anahtar Kelimeler: CCL5 mRNA ekspresyonu; clusterin
mRNA susturma; kolorektal kanser hiicreleri; migrasyon
inhibisyonu; proliferasyon azalmasi.

Introduction

Clusterin is a glycoprotein associated with heterodimeric
disulfides secreted in two major isoforms, secretory and
intracellular clusterin, with very different functions [1].
These proteins appear to play an important role in cell
survival and death [2]. Clusterin protein has been reported
to be involved in numerous physiological processes
important for carcinogenesis and tumour growth. The
processes include apoptotic cell death, cell cycle regula-
tion, DNA repair, cell adhesion, tissue remodelling, lipid
transportation, membrane recycling, and immune system
regulation [3, 4]. A previous study demonstrated that
clusterin protein expression participates in the tumouri-
genesis and progression of 25% of colorectal cancer, but
75% of tumour specimens comprise cancer cells without
expressing clusterin [5, 6]. The clusterin protein expression
profile correlation with other cell events indicates that
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clusterin protein presents only in colorectal cancer patients
infected with certain infectious diseases. This phenome-
non highlights the potential of clusterin protein to be used
as a biomarker in an effective treatment solution for colo-
rectal cancer patients infected with infectious diseases,
e.g., Schistosoma. Furthermore, clusterin protein appears
to be a sensitive and stable histological marker for murine
and human intestinal tumours. The high secretion of
clusterin protein from tumour cells can easily be detected
in body fluids, e.g., serum. Therefore, clusterin protein can
be used as a potential biomarker or potential target for
human colorectal cancer treatment.

Our previous study found that patients diagnosed
with colorectal cancer and Schistosoma mansoni infection
secreted a high level of clusterin protein that was not found
in the serum of patients diagnosed with colorectal cancer
only or infected with S. mansoni only [7]. Thus, the present
study aimed to determine the role of clusterin using colo-
rectal cancer as a model by performing specific gene
silencing in the cells using small interference RNA tech-
nology (siRNA). The cytotoxic level in clusterin-silenced
cells was first assessed by lactate dehydrogenase (LDH)
assay. LDH assay determines the enzyme release from
damaged cells, providing a fast and reliable quantification
surrogate marker for cytotoxicity. Cell cycle arrest induc-
tion and cell migration inhibition were then determined in
the gene-specific silenced cells using a wound-healing
assay and flow cytometry, respectively. Finally, the cell
proliferation and migration-related gene mRNA levels were
also performed using real-time PCR in gene-specific
silenced cells. SW480, SW620 and Caco2 were used
because the cancer cell lines expressed clusterin [8]. Our
results pave the way for discovering important factors to be
used as biomarkers. These markers, clusterin and CCL5,
can also be used to design drugs or cost-effective supple-
ments to effectively treat patients with an infectious dis-
ease and colorectal cancer simultaneously in the future.

Materials and methods
Silencing clusterin mRNA in colorectal cancer cells

The analysis used a specific lyophilised Clusterin siRNA Reagent
System (Santa Cruz Biotechnology, Inc.) to silence the clusterin mRNA
in colorectal adenocarcinoma cell lines (SW480, SW620, and Caco2) as
silenced the IL-21 gene in our previous study [9]. Seeded each cell line
at a density of 2 x 10° cells/well in 6 well culture plates. The cells were
maintained in 2 mL of antibiotic-free Dulbecco’s modified eagle’s
medium supplemented with 10% foetal bovine serum. The culture was
incubated at 37 °C in a 5% (v/v) CO, incubator humidified atmosphere
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until the cells reached 80% confluence. Solutions A and B were pre-
pared by diluting 4 pL of fluorescein-conjugated clusterin siRNA
duplex and 6 pL of siRNA transfection reagent (optimised previously)
with 100 pL of siRNA transfection medium, respectively. Solution A
was then mixed gently with Solution B and incubated at room tem-
perature for 15-45 min. Then, washed each cell line with 2 mL of siRNA
transfection medium. Next, mixed solutions A and B gently with
800 pL of siRNA transfection medium. Overlaid the solutions onto the
washed cells prior incubated the transfection reaction at 37 °C for 72 h.
The efficacy of specific gene silencing was examined using Western
blotting, and the intensity of protein bands was quantitated using
Image] as described in the previous study [10]. Successful clusterin-
silenced cells were then subjected to LDH assay.

Cytotoxic effect analysis of clusterin-silenced colorectal
cancer cells

Quantitative cytotoxicity was performed in clusterin-silenced cells
using the LDH Cytotoxicity Assay Kit (BioVision). The cells were first
transfected with clusterin siRNA solution as above. Then, the trans-
fected cells were harvested and adjusted to a suitable cell suspension
concentration with a 10% growth medium and then seeded into
24 well culture plates at a density of 2 x 10* cells/well. The cultures
were incubated in a growth medium at 37 °C with a 5% CO, atmo-
sphere. Then, withdrew a volume of 100 pL of culture medium at 24,
48, and 72 h of incubation to measure the LDH activity released from
damaged cells in the culture supernatant. After that, transferred the
culture medium to a flat-bottomed 96 well plate. A 100 pL of the
mixture of lactate and tetrazolium salt was added to each well in
triplicate. The plate was incubated at room temperature in the dark for
30 min. The absorbance reading of all the reactions was measured at
490 nm (reference wavelength at 620 nm) using a Sunrise™ ELISA
microplate reader (Tecan Group Ltd., Mdnnedorf, Switzerland). The
percentage (%) of cytotoxicity was calculated as described in the
previous study [10].

Cell cycle analysis of clusterin-silenced colorectal cancer
cells

Cell cycle analysis of the clusterin effect was performed by flow
cytometry. As prepared above, a density of 2.0 x 10° clusterin-silenced
cells/well in 6 well culture plates was incubated in triplicate at 37 °C
with a 5% CO, atmosphere. Then, transferred the culture supernatants
and the harvested cells from each well to new 15 mL falcon tubes after
each incubation time-point (24, 48, and 72 h). The cell suspensions
were centrifuged at 1,000 rpm for 5 min, then discarded the super-
natant. The cell pellet was washed with phosphate-buffered saline
(PBS) and pelleted the cell suspension again by centrifugation as
above. Adjusted the number of cells in the suspension to 1 x 10° cells/
ml. The suspension was then mixed gently with 500 pl of 70% cold
absolute ethanol and stored at 4 °C to facilitate ethanol fixation later.
The ethanol-fixed cells were centrifuged again at 4,500 rpm for 10 min.
The cell pellet was rewashed as above and then resuspended in PBS.
Finally, the suspension was centrifuged at 4,500 rpm for 10 min.
The cells were then stained with 500 pl of FxCycle™ propidium iodide
(PI)/RNase staining solution (Thermo Fisher Scientific) in the dark.
The stained samples were then transferred to new sterile flow tubes
and maintained on ice until the samples were analysed by
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FACSCantoTM 1II Flow Cytometry System (Becton Dickinson, NJ,
United States).

Migration analysis of clusterin-silenced colorectal
cancer cells

The scratch-wound cell migration assay of the clusterin effect in cells
was conducted using the wound healing assay based on the wounded
culture repopulation. The cells were first seeded at a density of
2 x 10* cells/well in 24 well culture plates. The cultures were then
incubated at 37 °C with a 5% CO, atmosphere until the cells reached
80% confluence. The cultures were subjected to specific gene
silencing for 72 h as above. A scratch (wound) on each culture main-
tained in the growth medium of silenced and non-silenced cells was
made using a yellow pipette tip. Removed the cell debris, and a fresh
medium in the culture was replaced. Each culture wound was pho-
tographed immediately after the scratch (0 h), 24, 48, and 72 h. Mea-
sure wound closure in each culture using Image]J at each time-point by
averaging three individual measurements. Each measurement was
performed in triplicate and was repeated at least twice.

Gene expression analysis of clusterin-silenced
colorectal cancer cells

Real-time PCR analysed the mRNA expression of cell proliferation- and
migration-related genes in clusterin-silenced cells. A density of
2.0 x 10° silenced cells/well, as prepared above, were incubated in
6 well culture plates in triplicate at 37 °C with a 5% CO, atmosphere.
Then, the culture supernatants and the harvested cells from each well
were transferred to new 15 mL falcon tubes after each incubation time-
point (24, 48, and 72 h). The cell suspensions were centrifuged at
1,000 rpm for 5 min, discarded the supernatant. The cell pellet was
then subjected to extraction using TRIzol Total RNA Isolation Reagent
(Thermo Fisher Scientific). The extracted total RNA concentration was
then determined using NanoDrop® ND-1000 UV-Vis spectrophotom-
eter (Thermo Fisher Scientific, MA, United States), whereby the high
purity of the extracted RNA was stored at —80 °C until use. The
extracted RNA integrity was checked using a 1% (w/v) agarose gel with
an electrophoresis system and then was reverse transcribed to cDNA
using a Tetro cDNA Synthesis Kit (Bioline). All primers used for the
analysis, including Ki67, PCNA, TGFa, CCL5, EGF, BNIP3, and FGF4,
were designed using Primer Express Software v3.0.1 (Thermo Fisher
Scientific, MA, United States) (Table 1). All oligonucleotide primers
(Integrated DNA Technologies) were packed in desalted lyophilised
form. The primer stocks were dissolved in RNase-free water to generate
a final 100 uM concentration of each primer solution. Stored both stock
and working solutions of the primers at —20 °C until use. The expres-
sion of Ki67, PCNA, TGFa, BNIP3, and FGF4 was also analysed because
these genes correlated to cell proliferation, cell migration, and
expression of PPARa and PPARy [10]. Real-time PCR was performed
using an Applied Biosystems 7500 Real-Time PCR System (Thermo
Fisher Scientific, MA, United States) in which prepared the PCR
cocktail and performed the PCR reaction for the gene of interest (GOI)
as described in the previous study [10]. The normalisation of the CT
value (DNA amount) of GOI to the CT value of S-actin in a sample was
performed. The expression level (fold change) was determined as the
relation between the normalised GOI in the clusterin-silenced sample
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Table 1: The list of primers used for mRNA expression analysis of
cell proliferation- and migration-related genes by real-time PCR in
this study.

Gene Primer sequence
B-actin Forward 5’-CATTGCCGACAGGATGCA-3’
Reverse 5’-CCGATCCACACGGAGTACTTG-3’
Ki67 Forward 5’-AACTATCCTCGTCTGTCCCAACAC-3’
Reverse 5’-CGGCCATTGGAAAGACAGAT-3’
PCNA Forward 5’-AGAAGGTGTTGGAGGCACTCA-3’
Reverse 5’-GGTTTACACCGCTGGAGGTAA-3’
TGFa Forward 5’- CAGACCTTCCTACTTGGCCTGTAA-3’
Reverse 5’- GACGGAGTTCTTGACAGAGTTTTG-3’
cCLs Forward 5’-AGCCTCTCCCACAGGTACCAT-3’
Reverse 5°-GGCAGTAGCAATGAGGATGACA-3’
EGF Forward 5’-TGTGGTTCTCAGATTGGGCTATG-3’
Reverse 5’-GATGAGGGCTTCAGCATGCT-3’
BNIP3 Forward 5’-AACTGGAGTCTGACTTGGTTCGTT-3’
Reverse 5’-CCAGGATCTAACAGCTCTTCAGTGA-3’
FGF4 Forward 5’-CAACTACAACGCCTACGAGTCCTA-3’

Reverse 5’-CCTTCTTGGTCTTCCCATTCTTG-3’

to non-clusterin-silenced sample (control) using the following for-
mula: 22 (-AACt) [11].

Statistical analysis

All curves were generated using GraphPad Prism v8.2.1 for Windows
(GraphPad Prism Software, Inc.). The statistical analysis was pre-
sented as the mean + SD of triplicate determinations. One-way anal-
ysis of variance (ANOVA) was used for the data analysis with an
additional Dunnett’s multiple comparisons test. The confidence levels
were indicated as statistically significant by p-value less than 0.05.

Results

Silencing clusterin mRNA in colorectal
cancer cells

Optimisation of the transfection reagent in Caco2 revealed
that 6 pl was the optimum volume to reduce the intensity of
the clusterin protein band in the cells (Figure 1A). The CLU
gene in Caco2 was used for optimisation because SW480
and SW620 expressed a lower level of clusterin than Caco2.
As a result, clusterin-silenced Caco2 decreased the clus-
terin protein level from 1.08 to 0.81 units; only a faint
protein band was detected (Figure 1B). Real-time PCR
analysis revealed that the CLU gene at the mRNA level was
also downregulated in Caco2 using the optimised gene
silencing conditions for 72 h (Figure 1C). The reduction in
clusterin mRNA expression was detected as a 0.8125-fold
change (p<0.05) in clusterin-silenced Caco2, which was
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Figure 1: Silencing clusterin mRNA in Caco2.

(A) Optimisation of the transfection reagent for clusterin mRNA
silencing, whereby 0 (control), 2, 4, and 6 pl of reagents were used
for the optimisation. (B) The efficacy of clusterin mRNA silencing at
the protein expression level in Caco2 by Western blotting. (C) The
efficacy of CLU gene silencing at the mRNA expression level in Caco2
by real-time PCR. The data are expressed as the mean + SD (n=3).
Caco2c is indicated as Caco2 without undergoing gene silencing
(control), whereas Caco2si is indicated as the cells had undergone
clusterin mRNA silencing.

approximately 25%, compared to non-silenced Caco2
(control; 1.0625-fold change). The fold changes were
detected less than 25% in clusterin-silenced SW480 and
SW620 compared to the respective controls (data not
shown).

Cytotoxic effect of clusterin-silenced
colorectal cancer cells

The cytotoxic effect of clusterin-silenced SW480, SW620
and Caco2 revealed an increased % of cytotoxicity in the
specific gene-silenced cells. The cytotoxic levels of
clusterin-silenced SW480 at 24, 48, and 72 h were 19.8%,
26.6% (p<0.01) and 30.3% (p<0.01), respectively,
compared to those of non-clusterin-silenced SW480 (con-
trol; Figure 2A). Next, the cytotoxic levels in clusterin-
silenced SW620 at 24, 48, and 72 h were 14.7%, 12.2%
(p<0.05) and 10.2% (p<0.05), respectively, compared to the
respective control (Figure 2B). Unlike SW480 and SW620,
the cytotoxic levels in clusterin-silenced Caco2 at 24, 48,
and 72 h were 20.9% (p<0.01), 10.3% (p<0.01) and 3.7%,
respectively, compared to the respective controls
(Figure 2C). The cytotoxic level in clusterin-silenced Caco2
at 72 h was not statistically significant compared to the
control because the specific gene silencing effect was not
sustained up to 72 h.
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Figure 2: The percentage of cytotoxicity (%) in clusterin-silenced (a) SW480, (b) SW620, and (c) Caco2.
The cytotoxic level of clusterin-silenced colorectal cancer cells (Clu siRNA) compared to the cytotoxic level of non-clusterin-silenced colorectal
cancer cells (control) at 24, 48, and 72 h. Three replications were carried out in at least two independent experiments. The data are represented

as the mean + SD; *p<0.05 and **p<0.01.

Cell cycle profiles in clusterin-silenced
colorectal cancer cells

Cell cycle analysis, which detected the DNA content in
clusterin-silenced cells, revealed that silencing the gene
for 72 h did not induce obvious cell cycle arrest or potential
apoptosis. Only 32.5% of non- (control) and 35.8% of
clusterin-silenced SW480 were arrested in S phase
(Figure 3A). Similarly, only 8.0%/56.1% of clusterin-
silenced SW480 were arrested in G2/G1 phase, compared
to 8.4%/59.0% of control at 72 h of incubation. The % of
non- (control) and clusterin-silenced SW620 arrested in
the S phase was 36.0%. In contrast, SW620 arrested in
G2/G1 phases before (9.6%/54.3%) and after (10.6%/53.4%)
the clusterin mRNA was silenced did not show a significant
difference at 72 h of incubation (Figure 3B). Similar to SW480
and SW620, not much Caco2 was arrested in the S and G2
phases. The proportion of non- (control) and clusterin-
silenced Caco2 arrested in the S phase was 54.0% and 50.7%,
respectively (Figure 3C). In contrast, the proportion of control
arrested in G2/G1 phases was 15.0%/30.9%. Thus, Caco2
arrest in G2/G1 phases remained constant at 14.5%/34.7%
after silencing the specific gene in the cells for 72 h.

Cell migration rate in clusterin-silenced
colorectal cancer cells

The migration rate of clusterin-silenced cells evaluated
for 72 h revealed that incubation of clusterin-silenced
SW480 for 72 h did not entirely cover the wound region
(Figure 4A). The wound region covered as much as 32.3%,
52.7%, and 59.7% at 24, 48, and 72 h of incubation,
respectively, in non-clusterin-silenced SW480 (control).
However, only a tiny wound region appeared to cover in
clusterin-silenced SW480 by 5.6%, 16.7%, and 23.7% at
24, 48, and 72 h of incubation, respectively. Comparison of
the wound region in control (47.3%) to clusterin-silenced
SW480 (83.3%) at 48 h of incubation revealed a statistically
significant difference (p<0.05; Figure 4B). The assay also
found that the wound region in control (40.3%) to
clusterin-silenced SW480 (76.3%) at 72 h of incubation was
significantly different (p<0.05). Similarly, incubation for
72 h did not entirely cover the wound regions of clusterin-
silenced SW620 compared to non-clusterin-silenced
SW620 (control). The wound region of the control
covered as much as 22.9%, 41.4%, and 59.0% at 24, 48, and
72 h of incubation, respectively. In contrast, the wound
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Figure 3: Cell cycle arrest in clusterin-silenced SW480, SW620, and Caco2 for 72 h. Non-silenced colorectal cancer cells were used as the

control compared to clusterin-silenced cells (clusterin siRNA).

(A) SW480 control, (B) SW480 clusterin siRNA, (C) SW620 control, (D) SW620 clusterin siRNA, (E) Caco2 control, and (F) Caco2 clusterin siRNA.
Three replications were carried out for each analysis in at least two independent experiments. Three phases of the cell cycle were detected: G1,

G2 andS.
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region was only covered by 7.9%, 10.3%, and 21.0% at 24,
48, and 72 h of incubation, respectively, in clusterin-
silenced SW620 (Figure 5A). The wound region in control to
clusterin-silenced SW620 at 48 h of incubation was
observed as 58.6% and 89.7% (p<0.01), respectively
(Figure 5B). In contrast, the wound region in control to
clusterin-silenced SW620 at 72 h of incubation was 41.0%
and 79.0% (p<0.01), respectively. Unlike SW480 and

(a)

Day 0

:‘ (b) 120

24b

% Length

Day 0 24h

72h

Figure 4: The migration of clusterin-silenced SW480.
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SW620, the wound region was observed to be covered more
in Caco2 (control) at the end of the assay: 26.6%, 43.3%,
and 70.2% at 24, 48, and 72 h of incubation, respectively
(Figure 6A), indicating that incubation covered a higher
wound region in non-clusterin-silenced Caco2. The wound
region in clusterin-silenced Caco2 was observed to cover
6.6%, 20.7% and 42.1% at 24, 48, and 72 h of incubation.
The wound region in control (56.7%) to clusterin-silenced

WSW480 control
WSW480 siRNA

48h 72h

(A) The migration rate in non-clusterin-silenced (control) and clusterin-silenced SW480 (siRNA) at 24, 48, and 72 h of incubation. Cell migration
was estimated by measuring the wound region of the culture. (B) The graph of statistical analysis of non-clusterin-silenced (control) and
clusterin-silenced SW480 (siRNA) at 24, 48, and 72 h of incubation. The data are expressed as the mean + SD (n=3); *p<0.05.

(a)

SW620 coatrol

Day 0

b2 Y

% Length

48h

Day 0 24h
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Figure 5: The migration of clusterin-silenced SW620.

®SWE20 control
SW620 iRNA

48h 72h

(A) The migration rate in non-clusterin-silenced (control) and clusterin-silenced SW620 (siRNA) at 24, 48, and 72 h of incubation. Cell migration
was estimated by measuring the wound region of the culture. (B) The graph of statistical analysis of non-clusterin-silenced (control) and
clusterin-silenced SW480 (siRNA) at 24, 48, and 72 h of incubation. The data are expressed as the mean + SD (n = 3); *p<0.05.
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Figure 6: The migration of clusterin-silenced Caco2.
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®Caco2 control

#Cac02 uRNA

48h 72h

(A) The migration rate in non-clusterin-silenced (control) and clusterin-silenced Caco2 (siRNA) at 24, 48, and 72 h of incubation. Cell migration
was estimated by measuring the wound region of the culture. (B) The graph of statistical analysis of non-clusterin-silenced (control) and
clusterin-silenced SW480 (siRNA) at 24, 48, and 72 h of incubation. The data are expressed as the mean + SD (n = 3); *p<0.05.

Caco2 (79.3%) at 48 h was observed to be a statistically
significant difference (p<0.05; Figure 6B), whereas the
comparison of the wound region in control to clusterin-
silenced Caco2 at 72 h of incubation was revealed as 29.8%
and 57.9% (p<0.05), respectively.

mRNA expression of genes in clusterin-
silenced colorectal cancer cells

Evaluation of proliferation and migration markers in
clusterin-silenced cells showed a decrease in the mRNA
expression of the selected genes in SW480 and SW620 with
clusterin silencing (Table 2). However, the reduction of

Table 2: Summary of the mRNA expression of genes related to
cellular mechanisms in clusterin-silenced SW480, SW620 and
Caco?2 after 72 h. A 1.0-fold change indicated the relationship be-
tween the normalised GOl in clusterin-silenced and non-clusterin-
silenced cells (control).

Gene SW480 SW620 Caco2

Ki67 | 0.8-fold change | 0.5-fold change 1.0-fold change
PCNA 1.0-fold change 1 0.6-fold change | 0.5-fold change
TGFa | 0.8-fold change | 0.9-fold change | 0.24-fold change
CCL5 | 0.5-fold change | 0.4-fold change 1 2.3-fold change®
EGF | 0.5-fold change | 0.5-fold change T 1.3-fold change
BNIP3 | 0.9-fold change | 0.34-fold change | 0.5-fold change
FGF4 | 0.38-fold change | 0.27-fold change 1 1.3-fold change

Fold change > 1 is indicated as up-regulation, whereas fold change < 1
is indicated as down-regulation. The data are expressed as the
mean + SD (n=3). | Down-regulation; T up-regulation; *p<0.05.

most mRNA gene expression in clusterin-silenced cells,
including Caco2, was not statistically significant compared
with controls. The analysis observed that only FGF4 mRNA
expression was downregulated to a 0.27-fold change in
SW620, but it was not statistically significant. A similar
phenomenon was observed for TGFa mRNA expression in
clusterin-silenced Caco2, whereby the analysis found a
reduction in TGFa (0.24-fold change) in the cells. The
mRNA expression of CCL5, EGF and FGF4 was increased in
clusterin-silenced Caco2. However, only the induction of
CCL5 mRNA expression was statistically significant: a
2.3-fold change (p<0.05) compared to the control.

Discussion

This study demonstrated that clusterin-silenced colorectal
cancer cells increased the % of cytotoxicity significantly.
However, the following analysis revealed that silencing the
clusterin mRNA for 72 h did not induce cell cycle arrest or
apoptosis in the cells. In addition, the wound-healing
assay evaluated the inhibition of the cell migration rate
after 72 h of incubation was likely due to the clusterin
mRNA silencing. Next, the gene expression analysis
revealed that CCL5 was induced in the clusterin-silenced
Caco2-type colorectal cancer cells.

Clusterin was first linked to cell death in the rat ventral
prostate after androgen deprivation [12]. Clusterin over-
expression reaches a maximum at 3—4 days post-castration
and coincides with the onset of massive cell death [12, 13].
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Clusterin is a highly conserved glycoprotein with ubiqui-
tous tissue distribution [1]. The clusterin level also rises in
various malignant tumours compared with adjacent non-
cancerous tissue [14-17]. Clusterin over-expression has
been closely associated with the development and pro-
gression of multiple cancer types [18]. The cancer types
include gastric [17], ovarian [19], breast [20], bladder [21],
colorectal [22], hepatic [23], laryngeal [24], and others [23].
Introducing the CLU gene into renal cell carcinoma or
hepatoma cells enhances the metastatic cell potential and
causes metastatic nodule enhanced formation in experi-
mental animals [23].

Clusterin stimulates the migration and metastasis of
cells by activating protein kinase B (Akt)-associated path-
ways in hepatocellular carcinoma [25, 26]. Many studies
have verified that numerous proteins promote tumour cell
biological functions by activating the AKT pathway via
upregulation of secretory clusterin [1]. The AKT signalling
pathway is believed to act downstream of secretory clus-
terin, e.g., the secretory clusterin-AKT signalling pathway
is responsible for cisplatin resistance in human lung cancer
[26]. Insulin-like growth factor-1 activates the phosphati-
dylinositol-3-kinase (P13K)/AKT signalling pathway via
upregulation of secretory clusterin in lung carcinoma [27].
Knockdown of stathmin markedly inhibited secretory
clusterin expression and the phosphorylation level of the
AKT protein in cancer cells [28-32], confirming that the
abnormal activation of the AKT signalling pathway was
associated with stathmin and clusterin in cancers.
Consistently, this study found that clusterin could be
related to cell proliferation and migration.

SW480 was established from the primary adenocarci-
noma of a male’s colon. It is adherent cells express elevated
levels of p53 protein, whereas the SW620 was derived
from metastasis of the same tumour from which the SW480
was derived. SW480 and SW620 are cell lines, which can
be considered subclones and have very similar drug
responses. However, Caco2 is quite different from that
expresses EGF. These differences could be due to genetic
differences between the subclones and may provide
important clues to the present study. In this study, the % of
cytotoxicity in clusterin-silenced cells was the most potent
in clusterin-silenced SW480, followed by specific gene-
silenced SW620. The proliferation of Caco2 was the least
influenced by clusterin mRNA silencing. This phenomenon
indicates that clusterin may partially play a role in cell
survival and death of Caco2 type of colorectal cancer cells.
In laryngeal squamous cell carcinoma, the secreted form of
clusterin is upregulated, and its expression is related to the
invasiveness of these tumours [2]. The inhibitory role of
CLU gene silencing in the invasive ability and growth of
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Hep2 human laryngeal squamous carcinoma cells signifi-
cantly inhibited cell proliferation and promoted apoptosis.
Furthermore, siRNA-mediated downregulation of clusterin
mRNA expression decreases in vitro cell migration and
invasion ability, similar to our present study on clusterin
in colorectal cancer cells. Although no cell cycle arrest
or apoptosis was observed, clusterin mRNA silencing
indicates an essential role in protecting against carcino-
genesis by eliminating genetically damaged cells [2].
Therefore, identification of the genes associated with
clusterin in this mechanism is warranted.

Small interfering RNA-mediated clusterin mRNA
silencing has been demonstrated to inhibit invasion and
metastasis in breast [33, 34], lung [35, 36], and prostate [37]
cancer cells. Similarly, our study found that clusterin
mRNA silencing inhibited colorectal cancer cell migration.
However, the study did not investigate the invasion prop-
erty of clusterin mRNA silencing. The study found little
difference in the clusterin mRNA silencing effect in SW480
and SW620, with the inhibition of the cell migration rate in
clusterin-silenced SW620 was slightly more potent. This
phenomenon explains Caco2 is a more aggressive colo-
rectal cancer cell line, and the disease condition is unpre-
dicted because the cells covered only a small cytotoxic
effect and wound region after clusterin mRNA silencing.
Perhaps the cellular mechanisms induced in all colorectal
cancer cells are time dependent. Interestingly, the mRNA
expression of CCL5 was observed to be significantly
induced in clusterin-silenced Caco2. Further study on the
correlation of this target gene in clusterin-silenced cells is
warranted to aid the early detection of colorectal cancer
patients infected with S. mansoni and, therefore, may
provide a more efficient solution for disease treatment.

Silencing CLU gene has also been reported to be
correlated with the expression of many other genes. For
example, decreased clusterin mRNA and the correspond-
ing protein levels in colorectal cancer cells are related to
the over-expression of maternally expressed gene 3 (MEG3)
[38]. Furthermore, clusterin over-expression rescues the
compromised abilities of proliferation and metastasis
induced by MEG3 over-expression, suggesting that MEG3
inhibits colorectal cancer progression by regulating clus-
terin activities [38]. The results also suggested that MEG3
functions as a tumour suppressor in colorectal cancer by
regulating clusterin activities and underlying vitamin D
anticancer activities [38]. CCL5 and CLU are genes related
to immune pathways, including antigen presentation,
inflammation, apoptosis, and response to virus infection
[39]. The CCL5 has been identified as a therapeutic target in
colorectal cancer [40]. Our present study demonstrated
that silencing clusterin induces the expression of CCL5.
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Therefore, we believe that CCL5 induction in clusterin-
silenced cells has a role in maintaining cancer cell growth;
both clusterin and CCL5 should be targeted for effective
growth inhibition of Caco2-type colorectal cancer for our
future drug design work. The expression of Ki67, PCNA,
TGFa, EGF, BNIP3, and FGF4 was identified as the genes
correlated to the cell proliferation, the cell migration, and
the expression of PPARa and PPARy in IL-21-silenced
colorectal cancer cells in our previous study [10]. However,
the genes are likely, not correlated to silencing clusterin
mRNA; the reduction or induction of these mRNA gene
expressions was not statistically significant compared with
controls in clusterin-silenced colorectal cancer cells.
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