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Abstract

Background: Colorectal cancer (CRC) is the most frequent death-causing disease in the world. The Trametes versicolor mushroom, a
traditional Chinese medicine, has been used as anti-cancer medicine with long history. Its cultured mycelia extracts, namely polysac-
charide peptide (PSP) as the major active component in Trametes versicolor, is widely used in eastern countries to stimulate the im-
mune system and treat deadly cancers, including CRC.
Methods: This study aimed to explore the mechanism through which PSP inhibits CRC cells proliferation. In vitro, cell prolifera-
tion and cytotoxicity of PSP were assessed using human CRC cell lines (HCT116 and HT29). The real-time polymerase chain reaction
(PCR), western blot, and immunofluorescence methods were used to examine the expression of epidermal growth factor receptor
(EGFR), programmed cell death-ligand 1 (PD-L1), activator of transcription 3 (STAT3), c-Jun, and NF-κB in the PSP treated CRC cells. Hu-
man peripheral blood mononuclear cells (PBMC), which were activated with CD3/CD28/CD2 T cell activator and interleukin 2 (IL-2),
were co-cultured with HCT116, which was pre-treated with PSP to reduce PD-L1 expression. The synergic effect of T-cells killing was
evaluated using the terminal-deoxynucleotidyl transferase-mediated nick-end labeling (TUNEL) method.
Results: Polysaccharide peptide significantly inhibited proliferation of HCT116 and HT29 cell line in vitro. Polysaccharide peptide
strongly reduced the expression and phosphorylation level of EGFR. In addition, PSP pretreatment significantly decreased the ex-
pression of downstream molecules PD-L1 and EGFR signaling pathways (c-Jun and STAT3) in HCT116. Polysaccharide peptide pretreat-
ment enhanced the T-cells killing effect induced by co-culture PBMC on HCT116 cells.
Conclusions: Polysaccharide peptide may be used as a prophylactic and therapeutic agent against CRC via down-regulating PD-L1
and EGFR signaling pathway.
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1. Background

Colorectal cancer (CRC) is the world’s largest cause of
cancer-related death (1-3). Patients with stage I CRC have
five-year survival rate of > 90%. However, patients with
stage III/IV CRC have a survival rate decreased to 67%, and
those with metastatic CRC have a survival rate of 8% (4).
Although surgery and chemotherapy are the most com-
mon treatments for CRC, many CRC cases are resistant to
chemotherapeutic agents, such as oxaliplatin and irinote-
can, induced by compensatory activation of alternative
pathways (5). Furthermore, the side effects of chemother-
apy, such as stomach discomfort, exhaustion, vomiting,
and diarrhea, can be severe (6-8). Therefore, it is very im-
portant to find anticancer compounds with less side ef-
fects.

Cancer cells could evade immunological destruction
or even trigger T cell death by expressing programmed cell
death-ligand 1 (PD-L1) on cell surface (9-11). Since the over-
expression of PD-L1 in CRC has been associated with poor
prognosis (12), PD-L1 has become a promising therapeutic
target in cancer (13). Many signaling pathways and tran-
scriptional factors have been implicated in controlling im-
mune surveillance by modulating the expression of PD-
L1. The expression of PD-L1 mediated by epidermal growth
factor receptor (EGFR), signal transducer and activator of
transcription 3 (STAT3), interleukin 6 (IL-6), and interferon
gamma (IFN-γ) has been proven in a variety of cancers (14-
19).

Trametes versicolor is widely used in East Asian tradi-
tional medicine. Typical components include polysaccha-
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ride Krestin (PSK) and polysaccharide peptide (PSP). They
are commonly thought to offer anti-cancer properties, par-
ticularly in cases of breast, cervix, stomach, liver, lung, and
prostate cancer (20, 21). Polysaccharide peptide and PSK
are peptide moieties linked to beta-glucan backbones that
have similar molecular weights of 100 kDa (21). Polysac-
charide peptide has the potential to enhance overall sur-
vival in cancer patients, as well as clinical and life quality
benefits with minimal side effects (22), which is far supe-
rior to chemotherapeutic agents. Polysaccharide peptide
has been proven to have immune-modulatory properties
in numerous studies, in addition to its therapeutic bene-
fits on malignancies (23-27). Although there is little knowl-
edge about the mechanisms of PSP, it is routinely used as a
nutrient supplement for cancer patients (28).

2. Objectives

This study aimed to investigate the mechanism
through which PSP can inhibit the growth of CRC and
identify its pharmacological action to be utilized as an
immune regulatory supplement.

3. Methods

3.1. Materials and Reagents

The antibodies of PD-L1, EGFR, and c-Jun were purchased
from Sangon (Shanghai, China). P-EGFR (Tyr1068), STAT3,
and p-STAT3 (Tyr705) antibodies were purchased from Cell
Signaling Technology (MA, USA). Polysaccharide peptide
powder was purchased from commercial resource (Win-
sor Healthcare, HK) and labelled with PSP 95% purity and
LPS free. McCoy’s 5a medium, RPMI 1640 medium, and fe-
tal bovine serum (FBS) were brought from Sangon (Shang-
hai, China). Penicillin, streptomycin, and MTT (3-(4,5-
Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide, A
Tetrazole) were purchased from Invitrogen (California,
USA). The primers were synthesized by Sangon (Shanghai,
China).

3.2. Cell Culture

Human CRC cell lines HCT116 (CVCL0291) and HT29
(CVCL0320) were purchased from national cell bank
(Shanghai). HT29 was cultured in McCoy’s 5a (containing
10% FBS and 1% penicillin and streptomycin). HCT116
was cultured in RPMI 1640 (containing 10% FBS and 1%
penicillin and streptomycin). Cells were maintained in a
humidified atmosphere of 95% air and 5% CO2 at 37 °C.

3.3. Cell Proliferation Assay

The cell proliferation and cytotoxicity of PSP to HCT116
and HT29 cell lines were tested by tetrazolium-based MTT
method (29) in time end-point manners. Briefly, at the be-
ginning, the single cells solution was (3,000 cells/well) al-
located into each of 96 wells with 100 µL McCoy’s 5a and
RPMI 1640 complete medium. The cells were treated with
different concentrations of PSP (0, 1.5, 4.5, and 13.5 mg/mL)
or etoposide (80 µg/mL) for 0, 2, 4, and 6 days. Subse-
quently, 10µL of the MTT dye solution (5 mg/mL) was added
to each well and incubated at 37°C for 4 hours. After incu-
bation and removing the supernatants, 100 µL dimethyl-
sulfoxide (DMSO) was added to each well. One hour after
the addition of the solubilization solution, the content of
the wells was mixed and read by the 96-well plate scan-
ning spectrophotometer (µQuant, USA) and quantitative
software (KC-junior, Bio-Tek Instruments, Inc. USA) at an ab-
sorbance of 595 nm for quantitative analysis.

3.4. Quantitative Real-Time Polymerase Chain Reaction (qRT-
PCR)

Total RNA was isolated from HCT116 cells using TRI-
zol Reagent based on manufacturer’s protocol (Invitro-
gen, USA), and RNA (2 µg) was reverse transcribed by Go-
Script Reverse Transcription system (Promega, USA). We
used the GoTaq quantitative polymerase chain reaction
(qPCR) Master Mix (Promega, USA) to assess the expression
of EGFR, PD-L1, STAT3, c-Jun, and NF-κB in HCT116 cells, and re-
duced glyceraldehyde-phosphate dehydrogenase (GAPDH)
was used as an internal control. The quantitative real-time
polymerase chain reaction (qRT-PCR) was accomplished in
fast real-time PCR system (Applied Biosystems 7500, USA).
The sense and antisense primers used in this experiment
were listed in Table 1. The relative gene expression was
calculated using the Delta CT Method (30). The experi-
ments were performed in triplicate, and the results were
presented as mean ± SD.

3.5. Western Blotting

The cells were treated with different concentrations of
PSP (0, 1.5, 4.5 and 13.5 mg/mL) or etoposide (80 µg/mL)
for 48 hours. The cells were washed twice with ice cold
phosphate buffered saline (PBS), and the cellular lysates
were prepared in ice-cold lysis buffer (10 mM Tris-HCl pH
7.4, 150 mM NaCl, 1 mM Na3VO4, 2 mM EDTA, 2 mM EGTA,
50 mM NaF, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS,
0.5 mM DL-dithiothreitol and proteinase inhibitor cock-
tails, Pierce, USA), and homogenized using a Sonic Dis-
membrator 100 (Fisher Scientific Inc., USA). The cell lysates
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Table 1. The Sense and Antisense Primers for Target Genes Used in Quantitative Real-Time Polymerase Chain Reaction Analyses

Gene Sequences Length (bp)

Epidermal growth factor receptor

Forward primer 5’-AGGCACGAGTAACAAGCTCAC-3’ 177

Reverse primer 5’-ATGAGGACATAACCAGCCACC-3’

Programmed cell death-ligand 1

Forward primer 5’-TGGCATTTGCTGAACGCATTT-3’ 120

Reverse primer 5’-TGCAGCCAGGTCTAATTGTTTT-3’

Activator of transcription 3

Forward primer 5’-CAGCAGCTTGACACACGGTA-3’ 150

Reverse primer 5’-AAACACCAAAGTGGCATGTGA-3’

c-Jun

Forward primer 5’-AACAGGTGGCACAGCTTAAAC-3’ 77

Reverse primer 5’-CAACTGCTGCGTTAGCATGAG-3’

NF-κB

Forward primer 5’-AACAGAGAGGATTTCGTTTCCG-3’ 104

Reverse primer 5’-TTTGACCTGAGGGTAAGACTTCT-3’

GAPDH

Forward primer 5’-GGAGCGAGATCCCTCCAAAAT-3’ 197

Reverse primer 5’-GGCTGTTGTCATACTTCTCATGG-3’

protein concentration was determined by MicroBCA kit
(Pierce, USA) and equal amounts of total proteins from dif-
ferent cell lysates loaded on SDS-PAGE (4 ~ 12%). Western
blot analysis was done with target antibodies (EGFR, PD-
L1, phosphorylated EGFR (Tyr1068), c-Jun, STAT3, phosphory-
lated STAT3 (Tyr705), GAPDH, and β-actin, diluted as 1:1000
with TBS-Tween-1% BSA) for 16 hours. Primary antibodies
were visualized with ROX Dye goat-anti rabbit secondary
antibodies using an Odyssey scanner (Li-cor biosciences,
USA).

3.6. T-cells Kill Experiments

Peripheral blood mononuclear cells (PBMC) were pur-
chased from commercial resource (TPCS, China) and ac-
tivated by IL-2 (STEMCELL, Canada) and ImmunoCult Hu-
man CD3/CD28/CD2 T Cell Activator (STEMCELL, Canada).
HCT116 cells were seeded (3 × 104 cells/well) in a 12-well
plate with a glass coverslip on the bottom, either untreated
or treated for 48 hours with PSP (4.5 mg/mL) or etoposide
(20 µg/mL). Peripheral blood mononuclear cells were cen-
trifuged at 200 g for 10 minutes. A final cell ratio of PBMC
to HCT116 (5: 1) was achieved by adding PBMC (3 × 106
cells/well) to each 12 well of HCT116 cells, and filled with reg-
ular medium. Cell viability was determined using one step
terminal-deoxynucleotidyl transferase-mediated nick-end
labeling (TUNEL) Apoptosis Assay kit (Green Fluorescence,
Beyotime, China) after co-culture for 24 hours.

3.7. Immunofluorescence

HCT116 cells were seeded in 6-well plates (3,000
cells/well), cultured on glass coverslips, and treated by PSP
(4.5 mg/mL) or etoposide (80 µg/mL) for 48 hours. Cells
were fixed with Parafix (Sigma, USA) for 15 minutes at 25°C,
rehydrated in 1X PBS for three times (5 minutes each), and
washed with 1X PBS. After blocking the specimen in block-
ing buffer for 60 minutes, we aspirated blocking solution
and incubated the glass coverslips overnight at 4°C with
diluted primary antibody (1: 50, Sangon, China). Then,
we rinsed them three times in 1X PBS for 5 minutes each,
incubated specimen with Goat-anti rabbit IgG/Alexa Fluor
(1: 100, Bioss, China) for 1 hour, and protected them from
light. Next, we rinsed the specimen and covered it with
antifade mounting medium with DAPI (Beyotime, China).
Finally, representative images were taken using a Leica
SP8 laser scanning confocal microscope (Leica, Britain).
Programmed cell death-ligand 1 antibody is the same as
the western blot. Goat anti-rabbit IgG/Alexa Fluor was
purchased from Bioss (Beijing, China). Antifade mounting
medium DAPI was Beyotime (Shanghai, China). The posi-
tive rates of TUNEL per field and positive rates of PD-L1 per
field were analyzed using ImageJ (National Institutes of
Health, USA), and the figure was plotted using GraphPad
Prism (GraphPad Software, USA). The experiments were
performed in triplicate, and the results were presented as
mean ± SD.
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3.8. Statistical Analysis

The significant associations between cytotoxicity and
western blotting band intensity, qRT-PCR ratio, and im-
munofluorescence intensity of each cell were determined
by t-test with Prism software (GraphPad Software, Inc. San
Diego, CA). The fold change of target proteins band inten-
sity was normalized with GAPDH or actin, and then com-
pared with untreated cells. All the experimental data were
generated by at least three independently repeated exper-
iments and expressed as mean ± SD. Significance level of
the test was considered as 5% (P-value ≤ 0.05).

4. Results

4.1. Polysaccharide Peptide Inhibited Colorectal Cancer Cells
Proliferation

Polysaccharide peptide inhibited CRC cell prolifera-
tion of CRC cells (HCT116 and HT29) in a dose-dependent
manner (from 0.5 to 13.5 mg/mL). After treating with PSP,
the proliferation of both HCT116 and HT29 was inhibited,
and HCT116 was shown to be more sensitive than HT29. Af-
ter six days of incubation with 13.5 mg/mL of PSP, the sup-
pression ratio increased to the highest level, with a 6.4-
fold increase over untreated cells (Figure 1A). Polysaccha-
ride peptide did not inhibit the growth of HT29 cells for the
first two days, but by day four, it demonstrated the ability
to suppress the tumor (Figure 1B). Polysaccharide peptide
at 1.5 mg/mL suppressed CRC cell proliferation more effec-
tively. Polysaccharide peptide showed tumor-suppressing
effects on CRC cell lines. The HCT116 cell line was chosen to
examine the mechanism of PSP inhibition due to its higher
sensitive response to PSP. The dose of 4.5 mg/mL PSP was
chosen for the following experiment because the cell sensi-
tivity to inhibition was similar to the median among these
doses.

4.2. Polysaccharide Peptide Down-Regulated Expression of epi-
dermal Growth Factor Receptor and Programmed Cell Death-
Ligand 1 in HCT116 and HT29

HCT116 and HT29 cells were treated with different con-
centrations of PSP for 48 hours to evaluate the impact on
EGFR and PD-L1 expression by qRT-PCR and western blot-
ting. As demonstrated by western blotting results, PSP
significantly inhibited the expression of EGFR and PD-L1
at three distinct concentrations on both cancer cells (Fig-
ure 2A and F). Polysaccharide peptide (13.5 mg/mL) was far
more effective than Etoposide in down-regulating the ex-
pression of EGFR and PD-L1. In addition, the gene expres-
sion of EGFR and PD-L1 impaired by PSP was confirmed by

qRT-PCR results (Figure 3A). Furthermore, as PD-L1 is over-
expressed in HCT116 cell membrane (31), the expression of
PD-L1 impaired by PSP was tested by immunofluorescence
analysis. Polysaccharide peptide treatment significantly
reduced the PD-L1 expression in HCT116 membrane (Figure
4A and B). It is suggested that PSP works as a potential PD-L1
regulator on CRC cells. Overall, these results indicated that
PSP reduced the expression of EGFR and PD-L1 protein and
mRNA levels in HCT116 and HT29 cells.

4.3. Polysaccharide Peptide Impaired Key Regulators of Epider-
mal Growth Factor Receptor Signaling Pathway in HCT116

The gene expression of key regulators in HCT116, c-Jun,
STAT3, and NF-κB were down-regulated by PSP treatment,
which are involved in the expression and function of PD-
L1 in many cancers (Figure 3A). The inhibitory effect of PSP
was validated by western blot, and levels of c-Jun, STAT3,
and p-STAT3 (Tyr705) were significantly decreased (Figure
3D - F). Overall, these results indicated that PSP reduced
the expression of EGFR and PD-L1 protein and mRNA lev-
els in HCT116. Also, PSP decreased site-specific phosphoryla-
tion level and hindered EGFR expression. Furthermore, PSP
treatment reduced expression and phosphorylation of in-
tracellular EGFR signaling cascade intermediates, such as
EGFR, p-EGFR (Tyr1068), STAT3 and p-STAT3 (Tyr705), and c-
Jun (Figure 3B - F). The downstream signaling molecules of
EGFR pathway were regulated at varied levels.

4.4. Polysaccharide Peptide Pre-treatment Triggered Immuno-
genic Cell Death (ICD) of HCT116

Pre-treated with PSP, the PD-L1 expression in HCT116
cells membrane was significantly down-regulated (Figure
4A and B), and HCT116 treated with PBMC was more respon-
sive to the immunogenic cell death than untreated HCT116
and positive control. The TUNEL signal per cell revealed
that pre-treated with PSP may trigger the immunogenic
cell death (ICD) of CRC (Figure 5A and B).

5. Discussion

Polysaccharide peptide has been used in the treatment
of cancer, hepatitis, hyperlipidemia, chronic bronchitis,
and other diseases in clinical trials (32). Polysaccharide
peptide has been shown to have low cytotoxicity (33), as
well as synergistic and attenuating effects with chemother-
apeutic agents (22). Polysaccharide peptide has previously
been demonstrated to have an immunoregulatory effect
by regulating the functions of multiple types of immune
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Figure 1. Polysaccharide peptide inhibited proliferation of colorectal cancer cells. A, Polysaccharide peptide (0.5, 1.5, 4.5 and 13.5 mg/mL) treatment inhibited proliferation of
HCT116 cell; and B, HT29 cells in a six-day PSP treatment for different time (0, 2, 4, and 6 days) was measured with MTT assay. Fold change means that each group was normalized
with OD value of day 0. Results are presented as mean ± SD. * P < 0.05, ** P < 0.01, *** P < 0.001, t-test.

Figure 2. Polysaccharide peptide down-regulated the expression of epidermal growth factor receptor and programmed cell death-ligand 1 in colorectal cancer cells. A, Western
blot analysis expression of EGFR and PD-L1 in HT 29; and B, HCT116 cells after PSP (0.5, 1.5, 4.5 and 13.5 mg/mL, for 2 days) treatment; C - G, using ImageJ for quantitative analysis
of the intensity of the western blot bands. The fold change of target proteins band intensity was normalized with GAPDH and compared with untreated cells. Results are
presented as mean ± SD. * P < 0.05, ** P < 0.01, *** P < 0.001, t-test.

cells. Also, it has demonstrated anti-proliferative activ-
ity against cancer and controlled immune response (20,
34). Polysaccharide peptide anti-tumor effects are mainly
tested using human leukemia HL60 cell lines (35), which
can inhibit the proliferation of tumor cells by prevent-
ing the tumor cell cycle (20) and inducing apoptosis (36).

Even though Roca-Lema et al. (37) and Knezevic et al. (38)
showed that PSP had anti-tumor effect on CRC, there has
been little research into the mechanism of PSP involve-
ment in immune regulation.

Epidermal growth factor receptor activation triggers
signaling pathways like RAS, PI3K, and STAT3, which con-
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Figure 3. Polysaccharide peptide treatment down-regulated the expression of epidermal growth factor receptor and key related signaling molecules in HCT116 Cells. A, HCT116
cells were treated with PSP (4.5 mg/mL, 48 h) and the mRNA was extracted for quantitative real-time polymerase chain reaction analysis. The fold change of gene expression
level was normalized with GAPDH and compared with untreated cells; B - F, HCT116 was treated with gradient concentration of PSP (0.5, 1.5, 4.5 and 13.5 mg/mL, for 2 days), and
the cell lysate protein was collected for western blot, and the key signal molecules were detected (c-Jun, activator of transcription 3, p-STAT3 (Try705), p-EGFR (Tyr1068)). The
fold change of target proteins band intensity was normalized with GAPDH or actin, and then compared with untreated cells. Results are presented as mean ± SD. * P < 0.05,
** P < 0.01, *** P < 0.001, t-test.

tribute to cancer cells development and progression (39).
Epidermal growth factor receptor inhibitors, like Gefitinib,
are the most commonly used drugs in cancer treatment,
but neoplasm drug resistance makes them ineffective.
Macrophages, endothelial cells, and other non-malignant
cell types express PD-L1, which allows T lymphocytes to
specifically target and eliminate abnormal cells (10). Tu-
mor cells that express PD-L1 can elude immune surveillance
and even stimulate immune cells to defend themselves.
Programmed cell death-ligand 1 expression was substan-
tially correlated with EGFR (18). Polysaccharide peptide sig-
nificantly inhibited the proliferation of HCT116 and HT29 in
this study (Figure 1). Some researchers found that EGFR in-
hibitors decreased the PD-L1 expression in cancer cells (40).
Our study consistently discovered that PSP suppressed the
expression of EGFR and PD-L1, as validated by qRT-PCR, west-
ern blotting, and immunofluorescence. So, there might be
a link between EGFR and PD-L1. This study evaluated the sig-
naling pathways that might be involved in PSP’s ability to
inhibit tumor cell growth. The level of EGFR site-specific
phosphorylation and EGFR expression were decreased af-

ter PSP treatment. Polysaccharide peptide therapy reduced
intracellular EGFR signaling cascade intermediates, such
as EGFR, p-EGFR (Tyr1068), STAT3, p-STAT3 (Tyr705), and c-Jun
expression and phosphorylation (Figure 3). The EGFR path-
way’s downstream signaling molecules were regulated at
varied levels. Curcumin has been shown to suppress p-
STAT3 (Tyr705) and diminish the expression of PD-L1 in head
and neck cancer (41).

This study had some limitations. First, the used PSP was
bought from natural resource of Trametes versicolor and
consistently demonstrated CRC cells anti-proliferative ac-
tivity in vitro. It is necessary to create an index of PSP pu-
rity and anti-tumor activity to monitor this consistency.
Second, anti-proliferative activity of PSP was tested only
in two CRC cells. So, it will be more persuasive to test its
anti-proliferative activity in more CRC cell lines and tumor
xenograft animal model. This can enhance the chance of
applying PSP as a safe prophylaxis and therapeutic agent.
Third, our results showed that PSP could attenuate PD-L1
and EGFR related signaling to inhibit the CRC prolifera-
tion. More extensive experiments are needed to explore
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Figure 4. Immunofluorescence imaging analyzed the effect of polysaccharide pep-
tide inhibition on programmed cell death-ligand 1 expression. HCT116 cells were
treated with Etoposide (80µg/mL) or PSP (4.5 mg/mL) for 48 hours and stained with
labelled PD-L1 antibody (red) and DAPI nuclear stain (blue). The experiments were
repeated three times to demonstrate consistency of the assay. (B) The mean of posi-
tive rates of PD-L1 per field in each view with PSP or Etoposide treatment compared
to the untreated control. * P < 0.05, ** P < 0.01, *** P < 0.001, t-test.

the molecule mechanism of EGFR involvement in PSP in-
hibition of CRC proliferation. Finally, our results showed
that PSP inhibited the CRC cells proliferation via down-
regulating expression of PD-L1 and EGFR. It is necessary to
investigate other pathways that contribute to immuno-
genic cell death.

In summary, PSP suppresses CRC cell proliferation
by inhibiting key signaling pathways involved in tumor
growth and metastasis, indicating that it has a tremendous
potential as a PD-L1 inhibitor and immunological supple-
ment in the treatment of CRC. Purified PSP could also be
manufactured and used as a safe preventative and treat-
ment medication for colorectal and probably other malig-
nancies with EGFR mutations. Also, PSP reduced PD-L1 ex-
pression, implying that it could be used as an immune sup-
plement.

5.1. Conclusions

In this study, we proposed that PD-L1 might depend
on EGFR activation. Then, when the expression of PD-L1 is
down-regulated, immune cells recognize and annihilate
CRC cells. PSP not only down-regulated EGFR expression

Figure 5. The immunogenic cell death (ICD) effect of immune cells provoked by
polysaccharide peptide pretreatment. A, HCT116 cells were seeded (3 × 104/well)
on glass coverslips in medium and/or treated with Etoposide (20 µg/mL) or PSP (4.5
mg/mL, 48 hours). Activated peripheral blood mononuclear cells were co-cultured
with HCT116 (PBMC: HCT116 = 5: 1) in the culture plate for 24 hours. The cells were
detected with transferase-mediated nick-end labeling assay and imaged by fluores-
cent microscope. The experiments were repeated three times; B, The mean value of
positive rates of TUNEL per field in each view with PSP or Etoposide treatment was
compared to the untreated control. * P < 0.05, ** P < 0.01, *** P < 0.001, t-test.

but also promoted death in CRC cells via EGFR pathways
(Figure 6).
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Figure 6. The proposed action model of polysaccharide peptide on colorectal cancer cells. This model summarizes our finding, suggesting that PSP induced apoptosis in CRC
cells by down-regulating epidermal growth factor receptor and programmed cell death-ligand 1 expression.
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