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Silk fibroin peptide suppresses proliferation and induces
apoptosis and cell cycle arrest in human lung cancer cells
Mei-sa Wang1, Yi-bo Du1, Hui-ming Huang2, Zhong-ling Zhu1, Shuang-shuang Du1, Shao-yong Chen2, Hong-ping Zhao2 and
Zhao Yan1

Silkworm cocoon was recorded to cure carbuncle in the Compendium of Materia Medica. Previous studies have demonstrated that
the supplemental silk protein sericin exhibits anticancer activity. In the present study, we investigated the effects of silk fibroin
peptide (SFP) extracted from silkworm cocoons against human lung cancer cells in vitro and in vivo and its possible anticancer
mechanisms. SFP that we prepared had high content of glycine (~ 30%) and showed a molecular weight of ~ 10 kDa. Intragastric
administration of SFP (30 g/kg/d) for 14 days did not affect the weights, vital signs, routine blood indices, and blood biochemical
parameters in mice. MTT assay showed that SFP dose-dependently inhibited the growth of human lung cancer A549 and H460 cells
in vitro with IC50 values of 9.921 and 9.083mg/mL, respectively. SFP also dose-dependently suppressed the clonogenic activity of
the two cell lines. In lung cancer H460 xenograft mice, intraperitoneal injection of SFP (200 or 500 mg/kg/d) for 40 days significantly
suppressed the tumor growth, but did not induce significant changes in the body weight. We further examined the effects of SFP
on cell cycle and apoptosis in H460 cells using flow cytometry, which revealed that SFP-induced cell cycle arrest at the S phase, and
then promoted cell apoptosis. We demonstrated that SFP (20−50mg/mL) dose-dependently downregulates Bcl-2 protein
expression and upregulates Bax protein in H460 cells during cell apoptosis. The results suggest that SFP should be studied further
as a novel therapeutic agent for the treatment of lung cancer.
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INTRODUCTION
Lung cancer has been the leading cancer diagnosis and the most
common cause of cancer death in China for many years [1].
Recently, the reported lung cancer incidence and mortality rates
have increased in both men and women [2].
Currently, the gold standard treatment for lung cancer is

chemotherapy based on platinum agents, such as cisplatin,
carboplatin, and oxaliplatin, usually in combination with other
agents, such as paclitaxel and etoposide [3]. Traditional che-
motherapy drugs have the common drawback of high toxicity.
Thus, efforts have focused on the development of novel drugs for
lung cancer treatment with enhanced efficacy and reduced
toxicity. In particular, compounds extracted from natural biological
materials have been of great interest [4, 5].
Silk cocoons spun by silkworm larvae are composed of two

major proteins, fibroin and sericin [6], and are widely used in
textiles, medical engineering, and industrial applications [7–11]. In
the Compendium of Materia Medica, silk cocoons are reported to
cure carbuncles. Previous studies demonstrated that the supple-
mental silk protein sericin can suppress colon tumorigenesis in
1,2-dimethylhydrazine-treated mice by reducing oxidative stress
and cell proliferation [12], and it also decreases human colorectal
cancer SW480 cell viability in vitro [13]. In addition, the silk protein
fibroin was used as a coating in a drug-loaded delivery system for

the controlled release of various drugs [14]. For example, silk
fibroin (SF)-coated liposomal emodin showed higher efficacy
against breast cancer cells compared with the uncoated liposomal
emodin due to increased retention of emodin in the presence of
SF [15]. In this study, we applied a normal degumming process to
remove the outer sericin and to obtain the silk fibroin peptide
(SFP) with additional hydrolysis and enzymatic degradation
methods.
Previous studies demonstrated that peptides derived from

natural sources can inhibit the proliferation of lung cancer cells.
Prateep A et al. [16] reported that peptides extracted from
Lentinus squarrosulus induce apoptosis in human lung cancer cells.
A Ganoderma lucidum polysaccharide peptide inhibits the growth
of vascular endothelial cells and the induction of vascular
endothelial growth factor in human lung cancer cells [17]. A
novel synthetic peptide derived from Conus californicus venom
could induce apoptosis in human lung cancer cell lines [18]. In
addition, the soybean-derived peptide lunasin inhibits non-small
cell lung cancer cell proliferation by suppressing phosphorylation
of the retinoblastoma protein [19]. We focused on the antitumor
effect of SFP on lung cancer in vitro and in vivo and its possible
mechanisms of action. We also determined whether there were
toxic and side effects during the antitumor process. Our results
showed that SFP can inhibit the growth of lung cancer cells both
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in vitro and in vivo at the present concentrations by inducing cell
cycle arrest at the S phase and then promoting the apoptosis of
lung cancer cells. Western blot results further showed that SFP
could downregulate Bcl-2 protein expression and upregulate Bax
protein expression during cell apoptosis.

MATERIALS AND METHODS
Cell lines and culture conditions
Human lung cancer cell lines (A549 and H460) were obtained from
the American Type Culture Collection (Manassas, VA, USA). BEAS-
2b cells were frozen and stored in our laboratory. All cells, except
for BEAS-2b cells, were cultured in Roswell Park Memorial Institute
1640 (Gibco, NY, USA) media supplemented with 10% fetal bovine
serum (Gibco, NY, USA), 1% penicillin (100 IU/mL) (Solarbio,
Beijing, China), and streptomycin (100 mg/mL) (Solarbio, Beijing,
China) at 37 °C in an incubator with a 5% CO2 atmosphere. BEAS-
2b cells were cultured in LHC-8 medium (Gibco, NY, USA).

Drug
SFP with a purity of 98.1% was extracted from SF by Dr. Hong-ping
Zhao at Tsinghua University. Extracted peptides were stored at 4 °
C and diluted in 1640 medium before use.

Toxicological testing
Toxicological studies were performed on 48 BALB/c mice (half
male and half female) weighing ~ 18–22 g. Mice were obtained
from Beijing Vital River Laboratory Animal Technology Co, Ltd
(Beijing, China). Mice were treated with vehicle, 15,000 mg/kg SFP
and 30,000 mg/kg SFP via intragastric administration for 14 days.
Changes in body weight and blood examinations were recorded
during treatment. The experimental design of this study was
approved by the Animal Care Committee of Tianjin Medical
University Cancer Institute and Hospital.

Cell viability assay
The effects of SFP on cellular proliferation and viability were
determined using the 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) assay (R&D Systems, UK). All cells
were seeded in 96-well plates at a density of 3.0 × 103 cells/well in
100 μL of medium and allowed to attach overnight. Cells were
then treated with SFP at increasing concentrations (0, 3.75, 7.5, 15,
30, 60, and 120mg/mL) for 24, 48, and 72 h. Subsequently, cells
were incubated with the MTT reagent (Beyotime Biotechnology,
Shanghai, China) at a final concentration of 5 mg/mL for 4 h.
Finally, intracellular formazan crystals were solubilized with 150 μL
dimethyl sulfoxide (BEAS-2b cells used LHC-8). The absorbance
was measured at 490 nm using an enzyme-linked immunosorbent
assay plate reader (Thermo Fisher Scientific, Waltham, MA, USA).
Reductions in cell viability in the different treatment groups were

expressed as the percentage of viable cells in the treated cells
relative to the control cells. All experiments were performed three
times.

Colony formation assay
A colony formation assay was performed to evaluate the long-
term drug efficiency of SFP. A549 and H460 cells were seeded in
12-well plates at a density of 200 cells/well and allowed to attach
overnight. Cells were then exposed to increasing concentrations
of SFP (0, 3.75, 7.5, 15, and 30mg/mL) for 72 h. Next, the culture
medium was replaced with fresh medium and incubated for
2 weeks at 37 °C. Cells were then fixed with 100% ethanol (4 °C, 20
min) and stained with 1% crystal violet (Sigma-Aldrich, St Louis,
MO, USA) for 15 min. Colonies with > 50 cells were counted. The
clonogenic capability was calculated as the ratio between the
number of clones in the treated cells and the corresponding
number of clones in the control cells. Each experiment was
performed three times.

Cell cycle analysis
A cell cycle distribution assay was performed as previously
described [20]. In brief, cells were treated with SFP (0, 5, 10, 15,
and 20mg/mL) for 48 h. After treatment, attached cells were
trypsinized, harvested, and washed with phosphate-buffered
saline (PBS). Cells were centrifuged (1000 r/min, 5 min) and
subsequently fixed with ice-cold 70% ethanol for 24 h. After
centrifugation, cells were washed twice and resuspended in PBS
containing propidium iodide (40 μg/mL), RNase A (100 μg/mL),
and Triton X-100 (0.05%) (Beyotime Biotechnology, Shanghai,
China) and incubated at 37 °C for 15min. Cell cycle distribution
was analyzed using a FACSCantoII flow cytometer (BD Biosciences,
CA, USA). Each experiment was performed three times.

Cell apoptosis analysis
A cell apoptosis assay was performed as previously described [21].
In brief, cells were treated with varying concentrations of SFP (0,
10, 20, 30, 40, and 50mg/mL) for 48 h. After treatment, cells were
washed twice with 1 × binding buffer and labeled with Annexin V
and propidium iodide (PI) following the manufacturer’s instruc-
tions. The cell apoptosis assay was performed using the Apoptosis
Analysis Kit (Sigma-Aldrich, St Louis, MO, USA), and apoptosis was
analyzed using FACS flow cytometer. Each experiment was
performed three times.

Western blotting
Western blotting was performed to determine the changes in
protein expression in response to treatment with SFP. Proteins
from the treated cell lysates were prepared via Bradford assay. The
protein concentration was determined using the Pierce BCA
protein assay kit (Thermo Scientific). Equivalent amounts (50 µg of

Fig. 1 Molecular weight and amino-acid composition of SFP. a Mass spectrogram of the SFP solution before dialysis. b Mass spectrogram
result of the SFP solution after dialysis with a molecular weight cutoff of 8 kDa
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protein/lane) of protein were separated via 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred onto
polyvinylidene membranes by submerging in a transfer tank (Bio-
Rad Laboratories). Membranes were blocked for 1 h at room
temperature (25 °C) in 5% (w/v) fat-free milk powder in 1 × Tris-
buffered saline (TBS) containing 1% Tween 20. Membranes were
then incubated with the primary antibodies (1:1000 dilution) with
gentle agitation at 4 °C overnight. The primary antibodies were as
follows: anti-Bcl-2 (1:1000 dilution, rabbit monoclonal antibody,
Cell Signaling Technology, Beverly, USA), anti-β-actin (1:1000
dilution, mouse monoclonal antibody, Cell Signaling Technology,
Beverly, USA), and anti-Bax (1:1000 dilution, rabbit monoclonal
antibody, Cell Signaling Technology, Beverly, USA). Then, the
membranes were washed three times with 0.1% Tween 20 in Tris-
HCl buffer and incubated with secondary goat anti-mouse-
horseradish peroxidase (HRP) and goat anti-rabbit HRP antibodies
(Bio-Rad) at 1:5000 dilutions for 1 h at room temperature. After a
final wash with 0.1% Tween 20 in TBS (three times for 10 min
each), the blots were developed using a luminescent image
analyzer LAS-4000 (Fujifilm, Dielsdorf, Switzerland) and Multi
Gauge software (Fujifilm Version 3.0). Each experiment was
performed three times.

Tumor xenografts
The assessment of antitumor activity was performed using 5-
week-old female BALB/c mice weighing ~ 20 g. In brief, 150 μL of
H460 cell suspension (2 × 107 cells/mL) was injected into the right

Table 1. The statistical results of the molecular weight and
concentration of SFP before and after dialysis

Molecular weight 0–3 kDa 3–5 kDa 5-8 kDa 8–10 kDa >10 kDa

Content (before
dialysis)%

16.6 15.2 18.6 16.6 33.0

Content (after
dialysis)%

3.1 10.2 13 16 57.7

Table 2. Amino-acid analysis results of SFP

Name Concentration of
silk fibroin peptide
before dialysis (µg/
mL)

The
content
(%)

Concentration of
silk fibroin peptide
after dialysis (µg/
mL)

The
content
(%)

Gly 176.9 30.45 110.6 29.17

Cys 167.1 28.76 95.0 25.06

ALa 63.4 10.90 25.0 6.59

Ser 51.6 8.89 35.1 9.26

Glu 24.7 4.25 22.2 5.86

Asp 18.1 3.11 14.4 3.80

Pro 17.6 3.04 188 4.96

Val 12.2 2.10 9.4 2.48

Arg 11.8 2.04 12.9 3.40

Thr 7.8 1.34 5.9 1.56

Lys 7.5 1.29 6.9 1.82

Leu 6.1 1.04 5.7 1.50

Tyr 5.9 1.03 6.8 1.79

Ile 3.9 0.68 3.6 0.95

Phe 3.5 0.60 4 1.06

His 1.4 0.25 1.4 0.37

Met 1.3 0.24 1.4 0.37

Total 580.8 100.00 379.1 100.00

Fig. 2 Antiproliferative effects of SFP on lung cancer cells and normal lung epithelial cells in vitro. a A549, H460, and BEAS-2b cells treated
with varying concentrations (0–120mg/mL) of SFP for 72 h. Cell viability was analyzed via MTT assay. b, c A549 and H460 cells treated with
varying concentrations (0–120mg/mL) of SFP for different incubation periods. d Colony formation assays of the A549 and H460 cells treated
with SFP at the indicated concentrations. Mean ± SD. n= 3 **P < 0.01, *P < 0.05 vs control
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groin of each mouse. The tumor volume was calculated based on
the formula V= (a × b2)/2 [22], where a represents the length and
b represents the width of the tumor. When the tumor volumes
reached approximately 100–150 mm3, mice were randomly
divided into four groups, the SFP treatment (200 and 500mg/kg
body weight), cisplatin treatment, and control groups, with five
mice per group. Mice in the SFP treatment group were
intraperitoneally injected with increasing doses of SFP (200 and
500mg/kg body weight) for 40 days. Mice in the cisplatin
treatment group received an intraperitoneal injection of cisplatin
at 4 mg/kg twice a week. The tumor volume was measured every
2 days, and body weights were measured daily. The above
experiment was repeated using intragastric administration as the
route of administration for 21 days using the same treatment
groups and doses. SFP was administered via the intragastric route
and cisplatin was administered via intraperitoneal injection. At the
end of drug treatment, photos were taken of the removed tumor
blocks. The experimental design of this study was approved by the
Animal Care Committee of Tianjin Medical University Cancer
Institute and Hospital.

Statistical analysis
Data were expressed as the mean ± standard error. Statistical
analyses were performed using SPSS version 20.0 software.
Statistical differences were calculated using the unpaired two-
tailed Student’s t test. P ≤ 0.05 was considered statistically significant.

RESULTS
Extraction of SFP
SFP was dissolved in ethanol–CaCl2 solution. Desalination and
concentration were performed via dialysis. The silkworm extract
was prepared at a concentration of 1:25 (m/v) with boiled distilled
water containing 0.25% Na2CO3 and was subsequently incubated
in a boiling water bath for 1 h. Then, the resulting solution was
added to the ternary solution (CaCl2:H2O:C2H5OH= 1:7:2) at a
concentration of 1:20 (m/v) and incubated at room temperature
for 1 h. Next, the solution was incubated at 60 °C in a water bath
and allowed to dissolve for 1 h to a final concentration of
1:10 (m/v). After complete dissolution, the mixture was centrifuged
at 1000 r/min for 30 min, after which the supernatant was isolated

Fig. 3 a, b Tumor-bearing mice were treated with vehicle, SFP (200 and 500mg/kg), or cisplatin for 21 days. Vehicle was administered via
intragastrically in the control group. SFP was administered via intragastrically in the SFP group. Cisplatin was administered via intraperitoneal
injection. The body weights a and tumor growth rates b were measured as described in the Materials and Methods section. c, d Tumor-
bearing mice were intraperitoneally injected with vehicle, SFP (200 and 500mg/kg), and cisplatin for 40 days. Body weights c and tumor
growth rates d were measured as described in the Materials and Methods. e The anticancer ratio of the two routes of administration. f
Antitumor effect of SFP in vivo. BALB/c (nude) mice were administered normal saline, DDP, low-dose SFP (200mg/kg), and high-dose SFP (500
mg/kg). Photos of tumors were taken after the end of drug administration. Mean ± SD. n= 5 **P < 0.01, *P < 0.05 vs control
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and incubated at 4 °C. The molecular weight and amino-acid
composition of the SFP were determined via mass spectrometry
and amino-acid analysis. The results showed that SFP yielded a
maximum peak at ~ 10 kDa (Fig. 1a). Statistical analysis of the
molecular weights of the SFP before dialysis showed that
molecules with weights higher than 8 kDa accounted for almost
half of the total sample (Table 1). Dialysis of the SFP was
performed using a dialysis bag with a molecular weight cutoff of 8
kDa. A maximum peak was located at ~ 10 kDa (Fig. 1b), and
statistical analysis of the molecular weight of SFP before dialysis
showed that molecules with weights greater than 8 kDa
accounted for 60% of the total sample (Table 1). Taken together,
the above results showed that the molecular weight of SFP is ~ 10
kDa. The dominant amino acids present in SFP were glycine,
cysteine, alanine, and serine, which together accounted for 70.1%
(before dialysis) and 79.0% (after dialysis) of the total weights of
the amino acids. Moreover, glycine showed the highest content
with ~ 30.45% (before dialysis) and 29.17% (after dialysis) (Table 2).

Safety evaluation of SFP
For each treatment group, the initial mouse weights were low and
increased. The low initial weight was due to the abrosia before
intragastric administration. After 2 days, all groups showed
increasing weights (Supplementary Figure 1a and b). The results
showed no significant effect of the treatments on mouse weight.
After treatment, blood was collected for the measurement of
routine blood parameters and biochemistry indicators. The results
showed that both routine blood parameters (Supplementary

Table 1) and blood biochemistry (Supplementary Table 2) para-
meters were within the normal range of fluctuations.

SFP inhibits the proliferation of lung cancer cells in vitro and
in vivo
To explore the anticancer effects of SFP both in vitro and in vivo,
we first examined the inhibitory effects of SFP on human lung
cancer cell lines and normal lung epithelial cells (Beas-2b). SFP
displayed moderate cytotoxicity to BEAS-2b cells with an
inhibitory concentration (IC50) of 81.54 mg/mL determined via
MTT assay (Fig. 2a). However, the IC50 of SFP in A549 cells was
9.921mg/mL, which was significantly lower than in BEAS-2b cells.
In another lung cancer cell line, H460, the IC50 of SFP was 9.083
mg/mL, which was also lower than that in BEAS-2b cells (Fig. 2b).
The results of the MTT assay showed that SFP inhibited the
proliferation of lung cancer cells in a dose-dependent manner
(Fig. 2c). SFP also suppressed the clonogenic activity of these two
cell lines (Fig. 2d). We also studied the IC50 of SFP on several other
tumor cell lines (Supplementary Table 3).
In the treatment group, H460 cells were implanted in BALB/c

(nude) mice via subcutaneous injection. For the positive control,
BALB/c (nude) mice were injected with cisplatin [23]. Growth of
the implanted tumors was significantly inhibited in the cisplatin
group; however, the body weights of the cisplatin-mice decreased
rapidly. By contrast, we observed no significant changes in the
weights of mice in the control and SFP groups (Fig. 3a). After the
drug treatment ended, we killed the nude mice and photo-
graphed the removed tumor blocks. SFP significantly inhibited the

Fig. 4 SFP triggers cell cycle arrest at the S phase and regulates apoptosis in H460 cells. a, b H460 cells were treated with various
concentrations of SFP for 48 h. Cell cycle distribution a and cell apoptosis b were analyzed using Verity’s Modfit LT 3. 0 software. Mean ± SD. n
= 3 **P < 0.01, *P < 0.05 vs control
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growth of the implanted tumors. The tumor growth inhibition by
SFP in the high-dose group was more pronounced than in the
low-dose group but less pronounced than in the cisplatin group
(Fig. 3b). Although cisplatin showed a strong tumor inhibitory
effect in H460 tumor-bearing mice, the drug exhibited very high
toxicity, whereas SFP showed almost no toxicity during treatment.
The above experiment was then repeated using intraperitoneal
injection as the route of administration, and the treatment period
was prolonged to 40 days. The results for the intraperitoneal
injection showed similar results to those obtained using
intragastric administration. Cisplatin treatment significantly
decreased the body weights of mice. However, SFP did not
induce significant changes in body weights even after 40 days of
treatment (Fig. 3c). Furthermore, SFP showed more pronounced
anticancer effects with little toxicity in a dose-dependent manner
compared with cisplatin (Fig. 3d). In addition, we found no
significant differences in tumor inhibition rates between the two
routes of administration (Fig. 3e). We could clearly see changes in
the tumor block after the administration of the drug (Fig. 3f). The
above results demonstrated that SFP effectively inhibited the
proliferation of human lung cancer cells. Moreover, SFP showed
lower toxicity both in vitro and in vivo.

SFP regulates the cell cycle and cell apoptosis
First, we evaluated the effects of SFP on the cell cycle distribution.
H460 cells treated with or without SFP were subjected to flow
cytometry analysis. The results showed that cells treated with SFP
showed a higher proportion of cells in the S phase compared with
control samples (Fig. 4a). SFP-induced cell cycle arrest at the S
phase in a concentration-dependent manner.
The extent of apoptosis was determined via flow cytometry

using Annexin V-FITC/PI staining. The results showed that after
treating H460 cells for 48 h, the apoptosis rate increased from
~5.1–32.8% with increasing concentrations of SFP (Fig. 4b). The
results indicated that SFP-induced cell apoptosis in a
concentration-dependent manner.

Apoptosis is regulated by multiple proteins, including Bcl-2
family members [24]. To determine whether apoptosis-related
proteins are involved in regulating SFP-induced apoptosis, we
examined the protein levels of Bcl-2 and Bax in H460 cells (Fig. 5).
The results indicated that SFP treatment significantly down-
regulated the expression of the anti-apoptosis protein Bcl-2 and
upregulated the expression of the pro-apoptotic protein Bax in a
dose-dependent manner.

DISCUSSION
SF was previously reported to suppress tumorigenesis both in vivo
and in vitro [13]. However, only a limited number of studies
investigated the anticancer activity of SFP and the possible
mechanisms underlying its effects. Thus, we investigated the
anticancer activity of SFP and elucidated the potential molecular
mechanisms underlying its effects. Our results showed that SFP
effectively inhibited the growth of lung cancer cells both in vitro
and in vivo, with the concomitant induction of cell cycle arrest and
apoptosis. Furthermore, SFP did not show significant toxicity to
normal lung cells and normal mice. These results suggested that
SFP selectivity affects cancer cells and not normal cells, which can
be attributed to differences in genomic stability between cancer
and normal cells [25].
Our findings demonstrated that SFP is highly safe for use in the

normal body. After 14 days of treatment, SFP increased body
weights and did not affect the vital signs of mice. No obvious
changes were observed for routine blood parameters and blood
biochemical parameters in the treatment group compared with
the control group. Body weights, vital signs, routine blood
parameters, and blood biochemical parameters are the standard
evaluation indices in animal toxicity experiments [26], and all
results indicated that SFP is highly safe for animals. Thus, SFP can
be used for the clinical treatment of lung cancer without inducing
adverse reactions and reducing the pain caused by adverse
reactions in patients.

Fig. 5 H460 cells were incubated with various concentrations of SFP for 48 h. Bax and Bcl-2 protein expression levels were detected via
western blotting using β-actin as internal control. **P < 0.01, *P < 0.05 vs control
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SFP effectively inhibited the proliferation of lung cancer cells
both in vitro and in vivo. Surprisingly, the two different modes of
administration did not induce significant differences in the
parameters tested. Therefore, we hypothesized that fibroin
peptides escaped degradation in the gastrointestinal system
because of their small molecular weights. The anticancer effects of
SFP showed a close association with the cell cycle [27] and cell
apoptosis [28, 29]. The cell cycle is the process that maintains the
life of the cell and is divided into four consecutive stages, the G1,
S, G2, and M phases [30]. The cell cycle is primarily regulated by
three types of proteins, cyclin, CDK, and CDKI [31], which are
involved in DNA synthesis and cell division. Changes in the activity
of cyclin, CDK, and CDKI may disrupt cell proliferation, which can,
in turn, lead to cancer [32]. In the present study, SFP induced an
increase in the distribution of cells in the S phase, indicating cell
cycle arrest of the lung cancer cell cycle in the DNA synthesis
phase of the cell cycle [33]. The results revealed that SFP can
influence the DNA synthesis of lung cancer cells. Cell apoptosis or
programmed cell death is the primary mechanism by which
chemotherapeutic drugs inhibit the growth of cancer cells [34].
Apoptosis is mediated by two signaling pathways: the intrinsic
pathway, which involves the activation of mitochondria and
several caspases, and the extrinsic pathway, which involves the
activation of death receptors [35]. The Bcl-2 family of proteins are
associated with the mitochondrial pathway [36, 37] and consists of
two types of proteins: Bax, which promotes apoptosis, and Bcl-2,
which inhibits apoptosis [38]. Our results showed that SFP can
induce apoptosis in H460 cells in a concentration-dependent
manner. H460 cells treated with SFP showed upregulation of Bax
and downregulation of Bcl-2. These findings suggested that SFP
can promote cell apoptosis via the mitochondrial pathway.
However, further experiments must be conducted to examine
the changes in expression of other key proteins involved in the
mitochondrial pathway.
In conclusion, our findings showed that SFP extracted from silk

cocoons has antiproliferative effects on lung cancer cells both
in vivo and in vitro. SFP exerts its anticancer effects by inducing
cell cycle arrest in the S phase and regulating the activity of Bcl-2
and Bax proteins to induce the apoptosis of lung cancer cells.
Furthermore, SFP showed no cytotoxic effects in mice and thus
does not affect the animal life status. Therefore, SFP is a promising
therapeutic agent for the clinical treatment of lung cancer and
does not induce toxicity and adverse side effects.
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