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Abstract

Background: Liver cancer is the 3™ leading cause of cancer related deaths worldwide with increased risk in males
than females. Many natural derivatives are being used as anticancer agents due to their antioxidant and cytotoxic
potential. Silk sericin, extracted by the degumming of silkworm cocoon, has emerged as a novel potential
anticancer compound. Due to increased elasticity, stability and ease of access made it an important protein for
research in cancer studies. In this study, cytotoxic effects of sericin and its impact on expressional changes of
selected genes in liver cancer cells were investigated.

Methods: Cultured HepG2 cells were treated with extracted sericin by the degumming of local cocoons and
commercially available purified sericin (0.03-1 mg/ml) for 24-72 hours. MTT dye reduction assay was used to
determine the inhibitory effects of sericin on cultured HepG2 cells. Expressional analysis of GADD45A, GADD45B
and CDKN1A was done by real-time PCR. Fold changes were determined by Livak method while comparing the
results with untreated controls.

Results: The cytotoxic effect of sericin (pure and extracted) was concentration dependent as seen by increasing
concentration, the suppression of proliferation became more pronounced. The effects were more intense after the
mid-interval exposure period (48 hour). GADD45A was inhibited moderately whereas GADD45B and CDKN1A were
induced with increasing concentration of sericin.

Conclusion: Proliferation of HepG2 cells was inhibited by sericin exposure. Sericin also showed potential to

regulate the expression of genes involved in DNA repair, cell cycle progression, DNA damage and apoptosis.
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INTRODUCTION

One of the most common malignancies ranking sixth
in the world is liver cancer [1] [2]. It is an aggressive
tumor that originates in the liver. Primary liver cancer
is referred as hepatocellular carcinoma (HCC) and is
the 3™ leading cause of cancer-related deaths
worldwide and ranks fifth and seventh among males
and females respectively [3]. Increased alcohol
consumption and obesity are surpassing chronic viral
hepatitis B and C as leading cause of liver cancer
throughout the world [4]. Further exogenous risk
factors include cigarette smoking, ingestion of
aflatoxin-contaminated food, and liver fluke infestation
[5]. Preferable treatment options for liver cancer
include hepatic resection and liver transplantation due
to its poor prognosis and diagnosis at late stages.
Additional treatment options include ablation therapy,
radiation therapy and multi-kinase inhibitors such as
sorafenib and regorafenib [6].
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An economically significant worm called silkworm
(Bombyx mori), feeds on mulberry leaves while in its
larval stage and spins a cocoon of silk around. The
cocoon of this worm is composed of spherical proteins
called fibroin and sericin [7] [8]. Sericin (20—-30%)
which is globular in nature is water-soluble glue-like
protein, encases fibroin fibers and fibroin (70-80%),
the structural part of the silk fibers [9]. Sericin has
three different fractions known as A, B and C; that
may be identified on structural and molecular weight
of amino acids and also by the hydrophilic nature of
sericin [10]. It contains eighteen amino acids, eight of
which are involved in different metabolic pathways of
the human body including serine (ample amount),
glycine (16%) and aspartic acid (40%). Mechanical
stability and elasticity of sericin is increased by the
presence of carboxyl-, hydroxyl- and amino group
[11]. Biological (such as wound healing, antioxidant,
anti-aging, bio-membranes), biomedical (tissue
engineering), therapeutic (anti-bacterial, anti-diabetic,
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anti-hypertensive, anti-tumor) and pharmacological
(drug delivery) utilization of sericin protein are due to
the co-polymerization and cross-linking properties of
amino acids that make up this protein [12].

Potential mechanism of action of sericin includes but
is not limited to its interaction with ROS. It protects
from hydrogen peroxide (H202) along with ultraviolet
radiation which induces oxidative stress damage thus
preventing cancer development in different body
organs. Sericin also contains flavonoids and
carotenoids that have antioxidant and anti-tyrosinase
[13] [14]. Due to its cytotoxic effects and nanocarrier
drug formulations, sericin has proven its impact in
anti-cancer research [15]. Silkworm powder decreases
signal transducer and activator of transcription 3
(STAT3) phosphorylation, suppressing IL-6 mRNA
levels in liver cancer and attenuated the expression of
hepatic carcinogen-related target genes, such as
hypoxia inducible factor-1 alpha (HIF-1), c-Myc, p53,
and organic cation transporter-1 thereby reducing
carcinogenesis through STAT3 signaling pathway in
DEN-induced chronic liver cancer rat model [16] [17].

The Growth Arrest and DNA Damage-inducible 45
(GADD45) family of proteins consisting of three
members, GADD45A, GADD45B and GADDA45G are
critical stress sensors that are activated by DNA
damage and stress signals linked to various cellular
responses, including DNA repair, cell cycle arrest, cell
growth regulation and apoptosis [18]. They modulate
tumor formation in response to oncogenic stress,
terminal differentiation and apoptotic cytokines
playing a critical role in carcinogenic process [19].
Cyclin dependent kinase inhibitor 1A (CDKN1A) is
responsible for different molecular and biological
functions including cell cycle progression, regulation of
G1/S, G2/S checkpoints, cell migration/invasion,
apoptosis, DNA repair and stem cell reprogramming
[20]. But the role of CDKN1A is multifaceted and
unclear because its activity depends on the status of
P53 gene.CDKN1A overexpression in case of P53 loss
of function mutation or by stabilizing cyclin D1-CDK4
complexes leading to more aggressive behavior of
cancer cells that are capable of escaping cell block,
senescence and apoptosis [21] [22]. Due to this
reason, many tumors including HCC show CDKN1A
expression changes that correlates with high
malignancy, poor prognosis, and drug resistance [23].

This study aimed to determine the cytotoxic effects of
sericin in liver cancer cells (HepG2) and to investigate
the role of sericin on gene’s expression involved in
cell cycle progression, DNA damage and apoptosis.
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METHODS

Cell Culture and Sericin

Available liver cancer cell line (HepG2), originally
obtained from American type culture collection
(ATCC), was supplemented with FBS (10%), L-
glutamine (2mM), streptomycin (100ug/ml) and
penicillin (100 IU/ml) and maintained at standard
humidified conditions (5% CO2, 37°C) for growth
purposes. Sericin extraction was done by degumming
of the cocoons of silkworms, washing them with
deionized water and autoclaving at 121°C for 45-60
min followed by filtering the solution to remove
fibroin. This filtrate was lyophilized to obtain sericin
powder (S-Extract) and stored 4°C until further use.
Purified sericin (S-Pure) was obtained from Sigma
company (S5201-5G) to compare the effects of
purified sericin in parallel.

Cytotoxicity Assay

The cells were cultured in 96-well plates
(3000cells/well/100ul media) for overnight. On the
next day, the cells were exposed to different
concentrations (0.03-1.0mg/dl) of extracted and pure
sericin for different time intervals (24, 48, 72 hours).
Afterwards, MTT solution (10mg/ml in PBS) was
added in each well and was converted to formazan
crystals by viable cells to determine the cytotoxic
effects of sericin. These crystals were dissolved by
adding DMSO (50ul/well) and intensity of color
reflected the number of viable cells present in
solution. Untreated cells were grown in parallel and
act as control in all experiments.

Treatment for Expression Analysis

Hep2G cell line was cultured in RPMI-1640 in 6-well
plate (150,000 cells/well/2ml medium) and exposed to
low and high concentrations (0.25-1mg/ml) of S-
Extract and S-Pure for 48 hours.

RNA Extraction and Quantification

RNA extraction was done using Thermofisher Scientific
(K0731) kit by adding 350ul RLT buffer for cell lysis.
After vortex for 10-15 sec, 350ul of 70% ethanol was
added and mixed by pipetting for few seconds. The
lysate was transferred to the spin column after
centrifugation at 10,000rpm for 30 sec. 700l of RW1
was added and centrifuged again. After that, 500ul of
RPE buffer was added and centrifuged again for 30
sec. This step was repeated with centrifugation for 2
minutes. The column was placed in a 1.5ml tube, 50ul
elution buffer was added and centrifuged after 2
minutes. RNA quantification was done by using
Nanodrop ND 2000. Extracted RNA was stored at -
80°C until further use.
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cDNA Synthesis

cDNA was synthesized by reverse transcribing 500ng
RNA/sample using Thermofisher Scientific kit (K1622).
Total reaction mix of 20ul was prepared by adding 4l
reaction buffer, 1ul Ribo, 2ul dNTP mix, 1ul OligodT,
1pl RevertAid, 500ng RNA and nuclease free water up
to 12ul to make up the total volume. The cycling
conditions were set at 42°C for 60min and terminate
at 70°C for 5minutes. Synthesized cDNA was stored at
-20°C for further use.

Primer Designing and Optimization

Primers for selected genes (GADD45A, GADD45B,
CDKN1A and GAPDH) were designed by choosing
gene sequences from NCBI GenBank and using
Primer3 software (Table 1). Gradient PCR with
different temperatures was used for primer
optimization. The temperature settings for gradient

Table 1: Primer sequences of genes

PCR were as follows: starting with initial denaturation
at 95°C for 5 minutes followed by 35 cycles of 95°C
for 20 sec, 56°C, 59°C, 62°C for 30 sec, 72°C for 40
sec and final extension at 72°C for 7 min. The product
was loaded in 2% Agarose gel for gel electrophoresis
at 100volts for 45 min and visualized with the help of
Gel Documentation.

Real-Time PCR

gRT-PCR was done in triplicate to analyze the
expression of selected genes (GADD45A, GADD45B,
CDKN1A) in liver cancer cell line HepG2. For this
purpose, prepared cDNA samples along with
SybrGreen and gene specific optimized primers were
used along with QuantStudio3 Thermal cycler. GAPDH
was used as reference gene for data normalization.
Livak method was used to calculate the fold change.

Genes Primer Sequence Product Size
F CGCTAGGCTTAATCGCGTT
GADDA45A R TTCGAAGCTGGTTCGAATGC 135
F TGAATGTGGACCCAGACAGC
GADD45B R GTCCGTGTGAGGGTTCGT 245
F GCTTCATGCCAGCTACTTCC
CDKNI1A R CTGTGCTCACTTCAGGGTCA 260
F ACGGATTTGGTCGTATTGGG
GAPDH R CGCTCCTGGAAGATGGTGAT 214
RESULTS shown in Table 2. Extracted RNA was reverse

Cytotoxic Effects on HepG2 Cells

Visual findings demonstrated a decrease in cellular
proliferation in response to sericin exposure. The
number of viable cells in a well were directly
correlated with the development of purple color
intensity after the solvent addition. Inhibitory effects
were also calculated numerically as percentages of
untreated controls. Cytotoxic effects were almost
concentration dependent since the suppression of
cellular proliferation became more pronounced as
concentration was raised (Figure 1). The effects were
more intense after the mid-interval exposure period
(48 hour). Furthermore, the effects of extracted and
purified sericin were also compared. Overall, sericin
substantially decreased cell growth and exhibited
lethal effects against liver cancer cells (HepG2).

RNA Quantification and cDNA Verification

RNA quantification of treated and untreated HepG2
cells was done spectrophotometrically using Nanodrop
ND 2000 and purity was calculated at 260/280 ratio. A
good quality and quantity of RNA was achieved as
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transcribed to cDNA, verified using GAPDH primer on
a conventional PCR and visualized by the help of gel
electrophoresis. Primers for selected genes were
optimized using gradient PCR at different
temperatures (56°C, 59°C and 62°C). Prominent
bands for all three genes were seen at all
temperatures after agarose gel electrophoresis.

Expressional changes in GADD45A, GADD45B
and CDKN1A

Real-Time PCR was performed by using SybrGreen
master mix for selected genes by using synthesized
cDNA from cultured liver cell line (HepG2) treated with
sericin at 0.25, 0.5 and 1.0mg/ml concentrations.
Sericin induced the expression of GADD family of
genes in liver cancer cells. GADD45A gene was
inhibited to moderate levels in HepG2 cells whereas
GADD45B was expressed to a maximum of 1.7fold by
sericin induction. There was a minimum difference
seen in expression change of GADD family at different
concentrations between S-Extract and S-Pure.
CDKN1A was fractionally inhibited at Ilower
concentration (0.25mg/ml) in case of S-Pure whereas
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moderately induced at 0.25mg/ml concentration of 1.0mg/ml) of both extracted and pure sericin shows

extracted sericin. Higher concentrations (0.5 and similar fold change with minimum differences.
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Figure 1: MTT result of HepG2 cell line after 24-, 48- and 72- hours treatment with S-Pure or S-Extract.

Table 2: RNA concentration of Sericin Treated and Untreated HEPG2 cell line

Cell line Treatment (mg/ml) RNA Concentration 260/280 ratio
Untreated Control 689.4 ng/ul 2.10
Sericin S-Pure (0.25) 541.2 ng/pul 2.09
Sericin S-Pure (0.5) 448.5 ng/ul 2.10
HEPG2 Sericin S-Pure (1.0) 607 ng/pl 2.09
Sericin S-Extract (0.25) 412.8 ng/ul 2.09
Sericin S-Extract (0.5) 396 ng/pl 2.09
Sericin S-Extract (1.0) 461.4 ng/pl 2.09
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Figure 2: Expressional modulation of GADD45A, GADD45B and CDKN1A in HepG2 cell line identified by Real-Time PCR. Livak

method was used to identify the fold differences.

DISCUSSION

Cancer is the most serious and complex disease that
endangers the health, prosperity, and lives of people
and it results from several variances in certain genetic
patterns [11]. One of the most prominent causes of
cancer mortality globally is liver cancer, which has a
relatively high frequency across all malignancies. It
has always been very difficult to treat cancer [24].
Despite recent major advancements, conventional
therapeutic methods including surgery, chemotherapy,
and radiation have been in use. An emerging
treatment option includes the use of natural
derivatives as anticancer agents to improve the cancer
prognosis and quality of life of cancer patient [15].
Due to its ease of cultivation and high extraction yield,
silk produced from B. mori (silkkworms) cocoons is the
most common form of silk sericin, representing ~20-
30 wt.% of the total weight [25].

Sericin can also function as a pro-oxidant B because it
contain polyhydroxy amino acids like serine as well as
polyphenol and flavonoids as secondary metabolites
that have various biomedical properties including
anticancer activity [26]. Silk sericin has shown anti-
cancer effects on the cancer cell lines. Silk sericin
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suppresses the proliferation related PI3K/Akt pathway,
arresting the cell cycle in Go/G: phase and promotes
apoptosis [27]. In previous studies, human cancer
cells (A431, SAS, and MCF-7) were examined for
anticancer activity of sericin in terms of cytotoxicity,
ROS levels, cell cycle arrest and mitochondrial
membrane potential [14].

There was some therapeutic evidence for treating
cancer with sericin. Various studies found the
apoptotic effects of sericin on human cancer cells,
such as treating human colon cancer cells (SW480)
with sericin led to induction of apoptosis, decreased
cell viability, caspase-3 activity, and decreased Bcl-2
expression [28]. These findings indicate that Sericin
holds the potential to instigate apoptosis in diverse
cancer cell types, suggesting its prospective
therapeutic applications in cancer treatment.

In a study from 2024, cytotoxic effects of sericin were
assessed using different concentrations of sericin (0,
0.125, 0.25, 0.5, and 1mg/ml) and showed no
considerable results. Furthermore, RNA-Seq Analysis
of many differentially expressed genes were done
with  low (0.125mg/ml) and high (1.0mg/ml)
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concentrations of sericin in HepG2 cells and fold
change was observed in both groups [12].

In this study, we took human liver cancer cell line
(HepG2) and studied the cytotoxic effects of sericin in
these cells via MTT dye reduction assay. The HepG2
cell line was cultured in 96 well plate under suitable
conditions and were exposed to different
concentrations of the natural compound sericin with
various concentrations (0.25-1.0mg/ml for 24, 48 and
72 hours). For comparison purposes, the cancer cell
line was also exposed to the commercially available
purified sericin obtained from Sigma company. It was
clear from the obtained result that sericin showed an
effective anti-proliferating effect in these cells as
compared to the no cytotoxic results obtained by
Jantaravinid et al., The comparable results from
commercially available sericin and our local extracts
also confirmed the reliable extraction process adopted
in this study. Overall, the cytotoxic effects were mild
and concentration dependent on HepG2 cells. In a
study conducted by Ratanabunyong et al., in 2024,
they observed the effects of sericin treatment on
colorectal cancer cell line (HCT116). There was
minimal impact on apoptosis when concentration of
sericin equal to IC50 was utilized. However, when the
dosage was increased to 100 pg/mL, the detection of
apoptosis increased by over 80%. This indicates that
sericin exhibited a dose-dependent effect on inducing
apoptosis in HCT116 colon cancer cells [10].

Identifying the molecular basis of any functional
outcome is an interesting and much needed area of
investigation. To figure out the potential reason
behind the anti-proliferative effects of sericin,
expression analysis of the important cell cycle
regulator gene (CDKN1A) and cell stress and death
related genes (GADD45 family) were selected in this
study. CDKN1A gene was induced in HepG2 cells in
response to the sericin exposure, which may have
contributed to slowing down the cell cycle machinery
and cellular proliferation rate. Only the Ilowest
concentration of S-Pure inhibited the CDKN1A
expression. As far as GADD family of genes was
concerned, GADD45B was induced in HepG2 cancer
cell line in response to treatment with either S-Pure or
S-Extract. GADD45A was inhibited with high
concentrations of pure sericin and extracted sericin
and only induced with lower concentration of pure
sericin in HEPG2 cells. All in all, the expression of cell
cycle (CDKN) and stress related genes (GADD45)
showed alterations in expression levels in response to
sericin.

To conclude, liver cancer cell line (HepG2) is
responsive to sericin exposure as witnessed by
inhibition of proliferation and cytotoxic effects after
exposure to this protein. At molecular levels, sericin
can interfere with the expression levels of important
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genes including CDKN1A, GADD45A and GADDA45B.
Furthermore, there were a few limitations including
that we have only examined the cytotoxic effects and
changes in genetic expressions caused by exposure
to sericin in liver cancer cell line (HepG2). A bigger
pool of representative cancer cell lines should be
used to verify the obtained results. Additionally, only
transcriptome levels of expression modulations were
examined; proteome levels of validation are also
required. Further /n vitro and /n vivo studies are
needed to confirm the anticancer potential of sericin
against liver cancer cell lines.
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