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The effect of sericin on prevention of colon cancer
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Abstract

Colon cancer is the third most common cause of cancer-related death in the world and
one of cancer that can be prevented. The protective effects of diet rich in vegetables s and fruits
had been reported the effect to against the development of colon cancer. Not only plant products,
silk sericin has been reported to prevent colon cancer in animal experiments. The present research
was aimed at investigating the effects of silk sericin on the proliferation, apoptosis, and cell cycle
of human colorectal cancer SW480 and normal colonic mucosal FHC cells. These were studied
using the MTT assay, annexin-V staining and caspase-3 assays, as well as flow cytometric
analyses. The results showed that sericin at high concentration (1600 pg/ml) inhibited SW480 and
FHC cell proliferation. SW480 cells significantly increased late apoptotic cells (p<0.05), while
there was no change in apoptosis and necrosis of FHC cells. There was no ditference in caspase-3
activity and the cell cycle between sericin-treated and control cells. Thus, sericin can inhibit colon
cancer cell proliferation and induce cell apoptosis, which may contribute to its chemopreventive
effect. Experiments in animal model are needed to gain more understandings about mechanism of

action of sericin.
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Abstract

Silk sericin has been reported to prevent colon cancer in animal experiments. The present research
was aimed to investigate the effects of silk sericin on the proliferation, apoptosis, and cell cycle of
human colorectal cancer SW480 and normal colonic mucosal FHC cells. These were studied
using the MTT assay, annexin-V staining and caspase-3 assays, as well as cell cycle detection by
flow cytometry. The results showed that sericin at high concentration inhibited SW480 and FHC
cell proliferation. SW480 cells significantly increased late apoptotic cells, while there was no
change in apoptosis and necrosis of FHC cells. There was no difference in caspase-3 activity and
cell cycle between sericin-freated and control cells. Thus, sericin can inhibit colon cancer cell

proliferation and induce cell apoptosis, which may contribute to its chemopreventive effect.
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Introduction

Colon cancer is one of the most common cancer in both men and women. For the
incidence rate of colon cancer in Thailand, it is the third in males after the cancers of liver and
lung, and the fifth after the cancer of cervix, breast, liver and lung in females. The estimated
incidence rate is 8.8 and 7.6 for males and females per one hundred thousandl. Colon cancer
commonly occurs sporadically and is inherited in only 5% of cases2. Diet is the major important
exogeneous factor of colon cancer. It has been estimated that 70% of colon cancer could be
prevented by nutritional intervention2. Both epidemiological and experimental studies have
suggested that diet rich in fruits and vegetables can reduce risk of colon cancer3. Several studies
have shown that some dietary fibers and proteins suppress the development of colon cancer in

animal models, leading to improvement of large bowel physiology4,5.

The silk protein, sericin, is one of the main constituents of silk fiber (20-30% of total
cocoon weight)6. Sericin is insoluble in cold water, although it is easily dispersed or solubilised in
hot water. Sericin is specifically synthesized in the middle gland of the silk worm, Bombyx mori.
Recently, sericin has been found to suppress lipid peroxidation and tyrosinase inhibitory activity
in an in vitro study7. In addition to its anti-oxidant activity, sericin appears to exhibit
chemopreventive effect by suppressing DMBA-TPA-induced mouse skin tumorigenesis8 and
colon tumorigenesis in 1,2-dimethylhydrazine (DMH)-induced colon cancer in animal
models9,10. These properties of sericin appear to be similar to other dietary fibers and proteins,
However, the exact mechanism for sericin functions in colon cancer prevention is unknown. In
this present study, we investigated the effects of sericin on the proliferation, apoptosis and cell

cycle of both human colon cancer cell line and normal colon cell lines.

Materials and Methods

Preparation of Sericin

Silk sericin was supplied by Institution of Agricultural Technology, Suranaree University
of Technology, Nakorn Ratchasrima, Thailand. The sericin was classified into 3 types according
to isolation techniques; sericin A (MW 191-339 kDa, large size), sericin B (76-132 kDa, medium

size) and sericin C (MW 61-113 kDa, small size). Briefly, silk sericin was extracted with
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deionized water from raw silk yarns of silkworm Bombyx mori, under high pressure and

temperature. Specific extraction condition was under Thai patent pending. The extract was later
dried at 130°C. Under a sterile condition, dry mass was ground and sieved through 0.75 mm
screen and the sericin powder was sealed in plastic bags and kept at room temperature for further
use. The sericin was used by reconstituting in phosphate-buffered saline (PBS; Sigma, MO,

USA)) and was steriled by autoclaving at 121°C for 15 minutes.

Cell culture

The human colorectal cancer cells (SW480: ATCC number CCL-228) and human fetal
normal colonic mucosal cells (FHC: ATCC number CRL-1831) were purchased from the
American Type Culture Collection (ATCC: University Boulevard, Manassas, VA, USA). SW480
cells were cultured in Dulbecco’s modified Eagle’s medium with HamF-12 (DMEM/F-12)
(Gibco, NY, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco) and 100 units/ml
penicillin and 100 Llg/ml streptomycin (Gibco). FHC cells were cultured in DMEM/F-12 with
10% FBS, 25mM N’-2-Hydroxyethylpiperazine-N’-2 ethanesulphonic acid (HEPES) (JRH
Biosciences, KS, USA),5 Llg/ml insulin (Sigma), 100 ng/ml hydrocortisone (Sigma), 100
units/ml penicillin (Gibco), and 100 [lg/ml streptomycin (Gibco). Both SW480 and FHC cells

were cultured in a humidified atmosphere of 95% air, 5% CO2 at B75C.

Cell viability assay

To examine cell viability, the cells were plated in 96-well plates at a concentration of 1 X
104 cells per well with complete culture medium. After an overnight incubation, the cells were
exposed to various concentrations (25, 50, 100, 200, 400, 800, and 1600 Lg/ml) of each type of
sericin for 24, 48 and 72 h. After the indicated treatments, cells were incubated for 2 h with 0.5
mg/ml of MTT solution (Sigma)and were lysed with DMSO:ethanol (1:1) (Sigma). The

absorbance was read at 595 nm using a micro-plate reader (Beckman Coulter, NSW, Australia).

Cell apoptosis assay
Apoptosis was detected with an annexin V-FITC kit (Becton Dickinson, NJ, USA)
according to the manufacturer’s instructions. Initially, the cells were plated in 60-mm Petri dish at

a concentration of 1X106 cells per dish with complete culture medium. After an overnight
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incubation, the cells were treated with each type of sericin at a concentration of 1600 [lg/ml for
72 h. This high concentration was chosen because it gave the optimal result on cell viability. After
treatment, the cells were collected, washed with ice-cold phosphate-buffered saline (PBS) pH 7.4
and centrifuged. The cells were then resuspended in 1X binding buffer and were stained with
annexin V-FITC with propidium iodide (PI) solution added. They were incubated for 15 min in

the dark before being analyzed by FACSCalibur using CellQuestPro software (Becton Dickinson).

Caspase-3 activity assay

The cells were plated in 60-mm Petri dish at a concentration of 1X106 cells per dish with
DMEM/F-12 with 10% FBS. After overnight incubation, the culture medium was replaced with
new complete medium and then treated with each type of sericin at concentration of 1600 Llg/ml
for 72 h. Then, the cells were harvested by trypsinization before the detection of caspase-3
activity was determined using CASP3C Caspase 3 Assay Kit, Colorimetric (Sigma-Aldrich, MO,
USA) according to the manufacturer’s instruction. The caspase-3 activity was determined by

using specific substrate for caspase-3 and measured by micro-plate reader (Beckman Coulter).

Cell eycle analysis

The cells were plated in 60-mm Petri dish at a concentration of 1 X106 cells per dish with
DMEM/F-12 with 1% FBS. After overnight incubation, the culture medium was replaced with
new complete medium and then treated with each type of sericin at concentration of 1600 [Lg/ml
for 72 h. After treatment, the cells were harvested by trypsinization, washed with PBS pH 7.4,
fixed in 70% cthanol at 4°C for 1 h. The cells were then treated with 100 Mg/ml of RNase A at
37°C for 30 min and then stained with 20 Llg/ml of PI (Molecular Probes, Invitrogen, NY, USA)
for 30 min at room temperature in the dark. The analysis of cells was performed by FACSCalibur

using CellQuestPro software (Becton Dickinson).

Statistical analysis

The data are expressed as mean + SEM. The statistical significance was determined by

Student’s t-test. The p values of less than 0.05 were considered statistically significant.
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Results

Effect of sericin on cell proliferation.

The effects of various types of sericin on viability of SW480 and FHC cells were
evaluated by MTT assay. The results showed that increasing concentrations of sericin decreased
cell viability in a dose-dependent manner, but only at high concentration (>800 |lg/ml) caused a
significant reduction (data not shown). Figure 1 shows the effects of sericin at high concentration
(1600 JLg/ml) on the viability of SW480 and FHC cells after 72 h treatment. All types of sericin
decreased cell proliferation in both cell lines as compared to control cells. As shown in Figure 1,
the inhibitory effect of all types of sericin on SW480 cell proliferation was comparable to that on
the proliferation of FHC cells. Sericin B and C but not sericin A had a significant inhibitory effect
on both SW480 and FHC cell proliferation (p < 0.01); the percent decrease in the proliferation of
SW480 cells treated with sericin B and C was 26.44% and 29.90%, respectively. In addition, the
percent decrease in the proliferation of FHC cells treated with sericin B and C was 28.72% and

26.85%, respectively.

Effect of sericin on cell apoptosis.

To determine whether apoptosis was involved in the decreased cell proliferation of
sericin-treated colon cell lines, cell apoptosis was investigated. SW480 and FHC cells were
treated with each type of sericin at 1600 |lg/ml for 72 h (Figure 2). Sericin B and C significantly
increased the percentage of late apoptotic cells in SW480 cells (10.83% and 10.96%,
respectively), but they did not affect the percentage of necrotic cells, which was ~ 2-3% in both
control cells and PBS-treated cells. In contrast, for the FHC cells, there was no significant
increase in the percentage of apoptotic and necrotic cells for all types of sericin compared to

control cells and the PBS-treated cells (Figure 3).

Effect of sericin-induced caspase-3 activity.

Caspase-3 is a member of the family of cysteine proteases that are importantly involved
in apoptotic pathway. The effect of sericin on caspase-3 activity was examined by using specific
colorimetric substrate for caspase-3 (Figure 4). SW480 cells were treated with all types of sericin
at the same incubating time and concentration as in cell apoptosis assay. The results showed that

the activity of caspase-3 in sericin-treated cells did not significantly differ from control and the
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PBS-treated cells. However, sericin B and C slightly increased caspase-3 activity in SW480

cells compared to the control cells.

Effect of sericin on cell cycle.

To elucidate the mechanisms responsible for the reduced SW480 cell proliferation by
sericin, we next determined the effect of sericin on cell cycle by flow cytometry. After treating
SW480 cells with 1600 Llg/ml of all types of sericin for 72 h, cells were harvested and stained
with PI. The results showed no significant difference in all stages of cell cycle in either sericin-
treated, control, or PBS-treated cells (Figure 5). However, the percentage of cell population in the
GO/G1 phase tended to decrease in sericin B and C treated cells (38.89% and 35.66%) compared
to the control (55.58%) and PBS-treated cells (46.17%). The percentage of cell population in the S
phase slightly increased in the cells treated with sericin B and C (19.75% and 20.71%) compared

to control cells (12.00%).

Discussion

In this present study, we investigated the in vitro effect of sericin on colon cancer cells
and found that medium and small sized sericin significantly inhibited the proliferation of SW430
colon cancer cells and FHC normal colon cells. The underlying mechanism for this inhibitory
effect is not clear. The inhibitory effect of the medium and small sized sericin on SW480 cell

proliferation led to the further study on the mechanism of sericin-induced cell death in these cells.

Many studies have shown that sericin can suppress lipid peroxidation and tyrosinase
activity in vitro7, protect against UVB-induced acute damage, and inhibit tumorigenesis in mouse
skinll and inhibit UVB-induced cell apoptosis in human skin keratinocytes12. Other studies have
demonstrated that suppression of colon tumorigenesis by sericin in animal models may be
involved in reducing oxidative stress9,10. However, the exact inhibitory mechanism of sericin on

colon carcinogenesis is unknown.

Colon carcinogenesis depends on the ratio of cell proliferation and cell apoptosis13,14.
To elucidate the anti-proliferative mechanisms of sericin, we examined the effect of sericin on cell

apoptosis as well as on cell cycle progression. We hypothesized that sericin induced apoptosis
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might be associated with reduced cell proliferation. The present results showed that medium
and small sized sericin was able to induce late-apoptosis in SW480 colon cancer cells but not in

normal colon cells without affecting cell necrosis, suggesting that sericin has anti-tumor activity.

The development of colon carcinogenesis is an imbalance between cell renewal and cell
deathl5. Apoptosis also called programmed cell death, play an important role in the development
and homeostasis in multicellular organisms16. The mechanisms of apoptosis are highly complex.
There are two main apoptotic pathways: 1) the extrinsic pathway invelving the activation of death
receptors 2) the intrinsic pathway involving the activation of the mitochondria and several
caspasesl7. Caspases, also known as cysteine aspartate-specific protease, are involved in
apoptosis. The caspases are divided into two categories, the initiator caspases, which include
caspase-2, -8,-9 and -10, and the effector caspases, including caspase-3, -6, and -718,19. In this
study, we hypothesized that the apoptosis of SW480 cells induced by sericin might be involved in
caspase-3 activity, The results showed that medium and small sized sericin insignificantly
increased the caspase-3 activity in SW480 cells, suggesting that the sericin might induce cell

apoptosis by another mechanism other than the activation of caspase-320.

To investigate other mechanisms that could involve in the inhibitory effect on cell
proliferation, the effect of sericin on cell cycle was analyzed and it was found that sericin B and C
insignificantly decreased the numbers of SW480 cells in G0/G1 phase. Since, the cell cycle
progression depends on changes in the expression and/or activation of regulatory proteins of cell
cycle21. The accumulation of cells in the S phase did not differ between the control cells and
sericin-treated cells, thus the changes in the expression and/or activation of regulatory proteins of
cell cycle in these cells are unlikely. In conelusion, the present results suggest that medium and
small sized sericin can inhibit cell proliferation and induce apoptosis of human colon cancer cells
through a caspase-3 independent mechanism, which may relate to the chemopreventive function
of sericin and further study is needed to investigate other mechanisms that could be responsible

for the apoptosis of colon cancer cells mediated by sericin.
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Figure legends

Figure 1. Effect of various types of sericin on SW480 and FHC cell viability. Results are
expressed as mean + SEM and represented the average values three experiments. *indicates
significant difference compared to PBS-treated cells (p < 0.01).

Figure 2. Effect of various types of sericin on the apoptosis of SW480 (a) and FHC cells (b).
Results are expressed as mean + SEM and represented the average values three experiments.
*indicates significant difference compared to control cells and PBS-treated cells (p < 0.05).

Figure 3. Effect of various types of sericin on caspase-3 activity (a) and the cell cycle (b) of

SW480 cells. Results are expressed as mean £ SEM and represented the average values from three

experiments.
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