Original Article
Food Science and Technology

DOI: https://doi.org/10.1590/fst.49121

ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

@) |

(S)-(-)-N-[2-(3-Hydroxy-2-o0x0-2,3-dihydro-1H-indol-3-yl)-ethyl] -acetamide inhibits
colon cancer growth via the STAT1 pathway
Kang LI', Dawei YUAN', Wei CHEN', Rulan MA, Yinsheng XIAN"*

Abstract

(S)-(-)-N-[2-(3-Hydroxy-2-0x0-2,3-dihydro-1H-indol-3-yl)-ethyl]-acetamide (EA), a new compound isolated from the plant
Selaginella pulvinata, has been identified to possess anti-proliferative effects against SK-mel-110 cells in vitro via upregulating
the expression of inhibitor of growth family member 4. The present study aimed to investigate whether EA could exert antitumor
effects against colon cancer. The results revealed that EA exerted anti-proliferative effects against a broad spectrum of different
types of tumor and could induce apoptosis of colon cancer cells via the signal transducer and activator of transcription 1 pathway.
It was demonstrated that treating tumor-bearing mice with EA significantly inhibited colon tumor growth in a xenograft tumor
model and syngeneic tumor model. Furthermore, EA treatment reshaped the tumor microenvironment by decreasing myeloid-
derived suppressor cell accumulation and increasing the tumor infiltrating lymphocytes. The results from the present study
suggest that EA could be developed as a potential antitumor drug against colon cancer.

Keywords: (S)-(-)-N-[2-(3-Hydroxy-2-o0x0-2,3-dihydro-1H-indol-3-yl)-ethyl]-acetamide; colon carcinoma; HT-29; CT26.

Practical Application: EA could be developed as a potential antitumor drug against colon cancer.

1 Introduction

As the second most prevalent cause of cancer-associated
mortality in women and men after lung cancer, colon cancer arises
due to the conversion of precancerous benign polyps present
in the inner lining of the colon, which is responsible for nearly
700,000 deaths and 1.4 million new cases worldwide every year
(Jaganathan et al., 2014). Despite the steady decline in incidence
rates, and the significant increase in survival rates, potentially
due to the increase in cancer screening and improved therapy
options, a number of problems remain in the clinical setting,
including chemoresistance and severe side effects (Desoize et al.,
1998; Hazlehurst et al., 2003). Therefore, it is imperative to
investigate and identify novel and safer therapeutic agents with
new mechanisms of action against colon carcinoma.

Belonging to the signal transducer and activator of
transcription (STAT) family, STAT1 prevents the development
and progression of established tumors by acting as a tumor
suppressor, which could inhibit the neoplastic cell growth via
regulation of Bcl-2 and the caspase family (Kim & Lee, 2007;
Chen et al., 2017; Wang & Koromilas, 2015). Previous studies
have demonstrated that STAT1 inhibits the progression of human
hepatocellular carcinoma as a negative regulator through inducing
apoptosis and cell cycle arrest. Upregulation of STAT1 exerts
tumor-suppressive activity in colon cancer cells (Elahi et al,,
2008; Chen et al., 2015).

Natural products isolated from plants have gained attention
due to their potent biological and pharmaceutical activities. A novel

compound termed (S)-(-)-N-[2-(3-Hydroxy-2-oxo-2,3-dihydro-
1H-indol-3-yl)-ethyl]-acetamide (EA), isolated from the plant
Selaginella pulvinata, was observed to inhibit the proliferation
of melanoma cells through inducing apoptosis (Wang et al.,
2016). In the present study, EA was further analyzed in order to
investigate its effects on colon carcinoma. The results revealed
that EA exhibited potent antitumor activities, as evidenced by
inhibiting tumor growth of colon carcinoma in xenograft tumor
model and murine syngeneic tumor model. These results provided
new insights to develop EA as a new potential therapeutic agent
against colon cancer.

2 Materials and methods

2.1 Cell lines, reagents and chemicals

Normal human colon mucosal epithelial cell line NCM460,
hepatocellular cell line Hep3B, pancreatic adenocarcinoma
cell line PANC-1, melanoma cell line B16F10, colorectal
adenocarcinoma cell lines HT-29 and SW480, colorectal
carcinoma cell line HCT116, murine colon carcinoma cell line
CT26, lung adenocarcinoma cell line A549, osteosarcoma cell
line MG-63, glioblastoma cell line U251 (catalog no. TCHu 58),
and breast adenocarcinoma cell line MCF-7 were purchased from
the Shanghai Cell Bank. RPMI1640, DMEM and fetal bovine
serum were purchased from Gibco; Thermo Fisher Scientific,
Inc.. MTT and caspase activity assay kits were purchased from
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Sigma-Aldrich; Merck KGaA. 5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethylbenzimidazolylcarbocyanine iodide (JC-1) was
purchased from Molecular Probes; Thermo Fisher Scientific,
Inc.. Cell Death Detection ELISAP™ kit was purchased from
Roche Applied Science. PCR reagents were purchased from
Thermo Fisher Scientific, Inc.. Cytochrome-c immunoassay
kit was from R&D Systems, Inc. Tofacitinib was purchased
from Sigma-Aldrich; Merck KGaA. Mitomycin C and Taxol
were purchased from Shijiazhuang Pharmaceutical Co. Ltd.
(Shijiazhuang, China). EA was kindly provided by Professor Cai
from Harbin Medical University. All solvents were purchased
from Sinopharm Chemical Reagent Co., Ltd. as analytical
grade. Taxol and EA were dissolved in DMSO for the in vitro
studies. Mitomycin C was prepared with PBS freshly, and EA
was freshly prepared in 0.5% carboxymethylated cellulose prior
to use in the in vivo experiments.

2.2 Mice

A total of 6-week old nude mice (Balb/c-nu/nu) were
purchased from Vital River Ltd. and housed in sterile, pathogen-
free conditions at 25°C on a 12-h light/dark cycle. The mice
had free access to food and water during the entire experiment.
All animal procedures were approved by the Ethical Committee
on Animal Care and Use of The First Affiliated Hospital, Xian
Jiaotong University and performed in strict accordance with
the regulation of the Use of Animals.

2.3 Cell culture and treatment

Cells were cultured in DMEM or RPMI1640 medium
supplemented with 10% fetal bovine serum, 100 pg/ml Penicillin/
Streptomycin at 37°C in an atmosphere of 5% CO,. Cells were
treated with Taxol or EA for 48 h. Cells treated with DMSO were
used as the negative control. The cell viability was measured
using an MTT assay. For the mechanism study, HT-29 cells
were treated with 1, 3 or 10 nM EA for 48 h. Cells treated with
DMSO were used as the negative control. The concentrations
of EA were based on the half maximal inhibitory concentration
(IC,,) value and the preliminary study.

2.4 Mitochondrial Membrane Potential (MMP)
measurement

MMP was measured using the fluorescent probe JC-1.
Briefly, following treatment, HT-29 cells were incubated with
JC-1for 15 min at 37°C in the dark. After rinsing twice, the red/
green fluorescence intensity was determined by the fluorescence
microplate reader (TECAN Polarion) at an excitation of 490 nm
and emission of 530/590 nm.

2.5 Cytochrome-c assay

HT-29 cells were fractionated following treatment.
The cytochrome-c was measured using the assay kit, according
to the manufacturer’s protocol.

2.6 DNA fragmentation measurement

Following treatment, HT-29 cells were lyzed and DNA
fragmentation was measured using the Cell Death Detection ELISAP*
kit, according to the manufacturer’s protocol. The absorbance
was measured using a microplate reader at 405 nm.

2.7 Caspase activity measurement

Following treatment, HT-29 cells were lyzed and activities
of caspases were determined with the fluorescent assay kit (R&D
Systems, Inc.), according to the manufacturer’s protocol.

2.8 Apoptosis analysis

Following treatment, 3x10° HT-29 cells were collected and
washed with pre-chilled PBS. Cells were then re-suspended in
500 pL binding buffer and incubated with 5 pL. Annexin V-FITC/
propidium iodide for 10 min in the dark at room temperature.
Apoptosis was detected using a FACScan flow cytometer (Becton,
Dickinson and Company). Data were analyzed using Flow]Jo
software (version 10.0; FlowJo LLC).

2.9 Reverse transcription-quantitative PCR

Total RNA was extracted with the Qiagen RNeasy reagent
according to the manufacturer’s protocol and mRNA was
reverse transcribed into cDNA using SuperScript master mix
(Bio-Rad Laboratories, Inc.) Quantitative PCR was performed
using a StepOne system, SYBR green Supermix (both from
Thermo Fisher Scientific, Inc.) and the 244“9 method. The gene
expression was normalized to -actin. The primer sequences were
as follows: Caspase-3 forward, TGGAATTGATGCGTGATGTT
and reverse, GGCAGGCCTGAATAATGAAA;
caspase-9 forward, CTAGTTTGCCCACACCCAGT and
reverse, GCATTAGCGACCCTAAGCAG; melanoma-associated
antigen (MAGE-A)1 forward, ATGGCTGACTCCCGTAACAC
and reverse, TCCTCAGATGGGCTATCAGG;
MAGE-A3 forward, CTCAGGCCCAACAGGAATTA and
reverse, AGGCCCTCTGATCCTTTGAT; Homo sapiens
B-actin forward, CGTACACCTCTGGCCGTACT and reverse,
AGGGCAACATAGCACAGCTT; and Mus musculus B-actin
forward, AGCCATGTACGTAGCCATCC and reverse,
GCTGTGGTGGTGAAGCTGTA.

2.10 Western blot analysis

Following treatment, cells were lysed using RIPA buffer
(Sigma Aldrich; Merck KGaA), supplemented with protease
inhibitors (Roche Diagnostics), phosphatase inhibitors (Thermo
Fisher Scientific, Inc.), 1 mM EDTA and 1 mM PMSF (Sigma
Aldrich; Merck KGaA). Protein concentration was determined
with the protein assay kit (Beyotime Institute of Biotechnology).
After boiling for 5 min, 40 pug sample protein with 4x loading
dye per lane was separated via SDS-PAGE (4-12% gel).
The proteins were then transferred to polyvinylidene difluoride
membranes. After blocking with 1% bovine serum albumin
for 1 h, membranes were incubated with different primary
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antibodies, including anti-cleaved Caspase-3 rabbit polyclonal
antibody (pAb; 1:500; catalog no. ab49822); anti-cleaved
Caspase-9 rabbit pAb (1:500; catalog no. ab2324); anti-Bax
rabbit pAb (1:1,000; catalog no. ab199677); anti-Bcl-2 rabbit pAb
(1:1,000; catalog no. ab196495); anti-STAT1 (phospho Y701)
rabbit pAb (1:1,000; catalog no. ab30645); anti-STAT1 rabbit
monoclonal antibody (mAb) (1:5,000; catalog no. ab109320);
anti-STAT2 (phospho Y690) rabbit pAb (1:500; catalog no.
ab53132); anti-STAT?2 rabbit mAb (1:5,000; catalog no. ab32367);
anti-STAT3 (phospho Y705) rabbit mAb (1:3,000; catalog
no. ab76315); anti-STAT3 rabbit pAb (1:1,500; catalog no.
ab226942); anti-B-actin rabbit pAb (1:3,000; catalog no. ab8227)
overnightat 4 “C, and then incubated with the corresponding
secondary horseradish peroxidase goat anti-rabbit [gG H&L
antibody (1:5,000; catalog no. ab205718) for 1 h. The bands
were detected using an enhanced chemiluminescence system.

2.11 Flow cytometry analysis

Tumors were cut into small pieces and digested using a
tumor disassociation kit (Miltenyi Biotec, Inc.), followed by
filtering with 70-um cell strainers. Mononuclear cells were then
enriched by percoll gradient centrifugation, followed by staining
with anti-CD11b APC-cy7, anti-Ly6G APC, anti-Ly6C AF700,
anti-CD4 Percp, anti-CD8 FITC, anti-IFNy PE-CF594, and
anti-granzyme B PE antibodies (all from BD Biosciences) for
flow cytometry analysis using a BD FACSCalibur.

2.12 Xenograft tumor model

A total of 5x10° HT-29 cells were injected subcutaneously
into the right flank of the nude mice. When the tumor volume
reached 50-100 mm’, tumor-bearing mice were divided into four
groups (5 mice per group), and treatment was administered.
Mitomycin C (5 mg/kg) was injected intraperitoneally twice
every week. EA (5 and 10 mg/kg) was given orally 6 days per
week, and mice treated with PBS were used as negative controls.
The in vivo dosage was based on the toxicity, pharmacokinetics
and pharmacodynamics of the compound. The dosage of EA in
the animal model was based on the preliminary study, which

Table 1. Growth inhibition of cultured cancer cells by EA.

revealed that administration of EA at 5 and 10 mg/kg did not
cause toxicity to mice, but demonstrated antitumor effects (data
not shown). When the tumor volume reached 1,500 mm? (at
~3.5 weeks), all tumor-bearing mice were sacrificed via initial
inhalation of CO, at a flow rate of 1.6 I/min in the 8 1 chamber
for 5 min and then via cervical dislocation to collect the tumors
for analysis.

2.13 Syngeneic tumor model

A total of 5x10° CT26 cells were injected into Balb/cJ mice
subcutaneously. When the tumor volume reached 50-100 mm?,
tumor-bearing mice were divided into three groups (5 mice per
group), and treatment was administered. EA (5 and 10 mg/kg)
was given orally 6 days per week, and mice treated with PBS
were used as negative controls. When the tumor volume reached
1,500 mm? (at ~4 weeks), all tumor-bearing mice were sacrificed
via initial inhalation of CO, at a flow rate of 1.6 1/min in the 81
chamber for 5 min and then via cervical dislocation to collect
the tumors for analysis.

2.14 Statistical analysis

Data are expressed as the mean + standard deviation,
and SPSS software (version 12.0; SPSS, Inc.) was used for the
statistical analysis. Data were analyzed by one-way analysis of
variance followed by Fisher’s least significant difference test.
P < 0.05 was considered to indicate a statistically significant
difference.

3 Results

3.1 EA inhibits cancer cell proliferation

A MTT assay was used to determine the anti-proliferative
activities of EA on different cancer cell lines. EA selectively
inhibited the proliferation of colon cancer and melanoma cells.
Furthermore, EA exhibited low toxicity to the normal human
colon mucosal epithelial cell line NCM460 (Table 1).

Cell line Origin EAIC,, nM Taxol IC,, nM
NCM460 Normal human colon mucosal epithelial cell > 5,000 > 5,000
Hep3B Hepatocellular 1,253.3 £113.5 38.5+3.5
PANC-1 Pancreatic adenocarcinoma 1623 £ 155 16.7+1.9
B16F10 Melanoma 8.35+2.1 19.5+ 1.8
HT-29 Colorectal adenocarcinoma 9.6 +2.8 13.7+3.1
SW-480 Colorectal adenocarcinoma 11.5+£32 10.6 £ 2.8
HCT 116 Colorectal carcinoma 15.8+4.6 13.9+3.7
CT26 Colon carcinoma 8.62+2.3 9.53+2.6
A549 Lung adenocarcinoma 445+55 93+1.9
MG-63 Osteosarcoma 112.7 £13.2 14.1+2.7
U251 Glioblastoma 1,357.6 + 125.8 13.3+25
MCE-7 Breast adenocarcinoma 1,765.7 + 165.1 6.5+1.3

EA, (5)-(-)-N-[2-(3-Hydroxy-2-oxo0-2,3-dihydro-1H-indol-3-yl)-ethylJacetamide; IC, , half maximal inhibitory concentration.
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3.2 EA induces apoptosis in HT-29 cells increased caspase-3/9 activities in HT-29 cells (Figure 1D), and

Following EA treatment, the apoptosis-associated biomarkers increased the percentage of ap op totic cells (Figure lE),.all ina
were detected. When compared with the control group, EA dose-dependent manner. Expression levels of pro-apoptotic genes
treatment decreased the MMP (Figure 1A), increased cytochrome-c ~ and proteins increased, but anti-apoptotic protein expression
release (Figure 1B), increased DNA fragmentation (Figure 1C),  significantly decreased following EA treatment (Figure 2A, B).
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Figure 1. EA induces apoptosis in HT-29 cells. HT-29 cells were treated with EA for 48 h followed by detection of apoptosis-associated markers.
Cells treated with DMSO were used as the negative control. (A) EA treatment decreased mitochondrial membrane potential; (B) increased
the cytochrome-c release; (C) increased DNA fragmentation; (D) increased caspase activities; and (E) increased the amount of apoptotic cells
detected by Annexin V/propidium iodide staining. Data are expressed as the mean + standard deviation (n = 3). "P < 0.05, “P < 0.01 vs. control
group. EA, (5)-(-)-N-[2-(3-Hydroxy-2-o0x0-2,3-dihydro-1H-indol-3-yl)-ethylJacetamide.
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Figure 2. EA treatment regulates apoptosis-associated gene and protein expression. (A) EA increased caspase gene expression; (B) Effects of EA
on apoptosis-associated protein expression; Data are expressed as the mean + standard deviation (n = 3). P < 0.05, “P < 0.01 vs. control group.
EA, (5)-(-)-N-[2-(3-Hydroxy-2-o0x0-2,3-dihydro-1H-indol-3-yl)-ethyl]acetamide.
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Furthermore, EA treatment selectively upregulated the expression
of p-STAT1, which was repressed by the specific inhibitor of

STAT phosphorylation tofacitinib (Figure 3).

3.4 EA inhibits tumor growth in a xenograft mouse model

Lietal.

HT-29 tumor growth (Figure 4A, B), indicated by both tumor
volume and tumor weight. Furthermore, EA treatment significantly

upregulated the expression of p-STAT1 (Figure 4C, D).

3.5 EA inhibits tumor growth in the syngeneic mouse model

Tumor-bearing mice were treated with 5 or 10 mg/kg EA.

The 10 mg/kg EA treatment group exhibited significantly inhibited
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Figure 3. EA selectively increases the protein expression of STAT1. HT-29 cells were treated with EA for 48 h followed by western blot analysis.
(A) EA increased the protein expression of p-STAT1 in HT-29 cells; (B) Tofacitinib repressed the upregulation of p-STAT1 caused by EA; Protein
expression of (C) STAT2 and (D) STAT3 was unaffected by EA treatment in HT-29 cells. Data are expressed as the mean + standard deviation
(n=3). P <0.05, P < 0.01 vs. control group. EA, (5)-(-)-N-[2-(3-Hydroxy-2-0xo0-2,3-dihydro-1H-indol-3-yl)-ethyl]acetamide; STAT, signal

transducer and activator of transcription; p, phosphorylated.
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Figure 4. EA treatment inhibits the HT-29 tumor growth in nude mice. (A) Tumor volume was measured twice per week; (B) Tumor weight was
recorded at the end of experiment; (C) STAT1 protein expression was measured in tumors. P < 0.05, "P < 0.01 vs. PBS control. EA, (5)-(-)-N-[2-
(3-Hydroxy-2-0x0-2,3-dihydro-1H-indol-3-yl)-ethyl]acetamide; STAT, signal transducer and activator of transcription; p, phosphorylated.
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were sacrificed to collect tumors for analysis when the
tumor volume reached 1,500 mm? in the negative control
group. EA treatment significant inhibited tumor growth
and decreased the tumor burden of tumor-bearing mice
(Figure 5A, B). Furthermore, EA treatment increased

tumor-infiltrating lymphocytes and decreased myeloid
derived suppressive cells. EA treatment also increased the
neo-antigen expression (Zajac et al., 2017) and production
of IFNY, as well as the production of granzyme B in tumor
tissues (Figure 6).
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Figure 5. EA treatment inhibits the growth of CT26 tumors in the syngeneic tumor model. CT26 tumor-bearing mice were treated with EA or
PBS. (A and B) EA treatment delayed the tumor growth; and (C) increased the expression of specific genes MAGE-A1 and MAGE-A3. Data are
expressed as the mean + standard deviation (n = 3). P < 0.05, "P < 0.01 vs. PBS control. EA, (5)-(-)-N-[2-(3-Hydroxy-2-o0x0-2,3-dihydro-1H-
indol-3-yl)-ethyl]acetamide; MAGE-A, melanoma-associated antigen.
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Figure 6. EA treatment primes the tumor microenvironment. (A) Representative flow cytometry graphics complete with the gating strategy; (B)
EA decreased the accumulation of MDSC in tumors; (C) increased tumor-infiltrating lymphocytes; and (D) increased the production of IFNy;
and (E) granzyme B in tumors. Data are expressed as the mean + standard deviation (n = 3). P <0.05, "P < 0.01 vs. PBS control. EA, (5)-(-)-N-[2-
(3-Hydroxy-2-ox0-2,3-dihydro-1H-indol-3-yl)-ethyl]acetamide; MDSC, myeloid-derived suppressor cells.
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4 Discussion

Despite progress towards the outcomes of patients with
colorectal cancer over the last decade, with the overall survival
increasing from 14.2 months with 5-fluorouracil-based
monotherapy to near 30.0 months with targeted agent combinations
with FOLFOX- or FOLFIRI-based chemotherapy, the 5-year
survival rates remain at < 15% for patients with stage IV disease
(Cummings et al., 2007). Recently, research has shifted towards
the oral drug delivery instead of injection, as administering
drugs via the oral route exhibits maximum absorption of drugs,
improves patient quality of life and is cost-effective (Butt et al.,
2018). In the present study, it was reported that EA, a natural
compound extracted from the leaves of Selaginella pulvinata,
activated caspase activities, leading to apoptosis of colon cancer
cells through upregulating STAT1 expression. EA selectively
inhibited the proliferation of colon cancer and melanoma cells,
as demonstrated by the IC, values. An IC, value is a good
marker to observe the inhibitory effects of EA, and is also an
easy method of comparing the efficacy between different cell
lines or different antitumor agents. This assay was used in the
present study to screen the compound against > 10 cell lines and
further investigate the underlying molecular mechanism when
used against colon cancer. Other assays, such as cell counts and
cell cycle analyses, will form the focus of future studies.

Mitochondria are important during the process of cell
death regulation, and the decrease in the MMP would induce
the cytochrome-c release from the mitochondria to the nucleus
(Chiangetal., 2011), resulting in the activation of caspase-associated
apoptotic proteins to facilitate the formation of apoptosome
complex (Xu et al., 2009). Furthermore, the cytochrome-c
release also activates caspase-9. Acting as an apoptotic executor,
caspase-3 activates DNA fragmentation factor, which in turn
activates endonucleases to cleave nuclear DNA, and ultimately
leads to cell death (Liu et al., 2015). As a biochemical hallmark,
DNA double stranded breaks have been widely used as an apoptosis
index (Kuo & Yang, 2008; May & Madge, 2007). The results of the
present study demonstrated that DNA fragmentation significantly
increased following treatment with EA. Furthermore, treatment
with EA also decreased the MMP, increased cytochrome-c release
and increased the activities of caspase-3/caspase-9. Anti-apoptotic
protein Bcl-2 expression decreased, but pro-apoptotic protein
Bax, as well as caspase, expression increased.

The upregulation of STAT1 in the present study following EA
treatment was notable, as STAT1 is a known tumor suppressor
and regulator of the pro-apoptotic responses (Abroun et al.,
2015; Koromilas & Sexl, 2013), and is involved in the inhibition
of cell proliferation in colon cancer cells (Souissi et al., 2012).
Furthermore, STAT1 enhanced the transcriptional activity
of p53 in several p53-responsive pro-apoptotic genes and to
negatively regulate the Bcl-xL promoter (Meng et al., 2017).
The results from the present study suggested that STAT1 could
be involved in the anti-proliferative and pro-apoptotic effects of
EA in colon cancer. However, the exact molecular mechanisms
underlying this regulation require further investigation.

Previous studies have demonstrated that STAT1 could be
upregulated by IFN-y (Fulda & Debatin, 2002). The results of
these studies revealed that the inactivation of the STAT pathway

Food Sci. Technol, Campinas, v42, e49121, 2022

was associated with the acquired resistance of PD-1 blockade
therapy in melanoma (Yaguchi & Kawakami, 2016; Shin et al.,
2017). IFN-y are currently used in combination with targeted
anticancer agents, conventional chemotherapeutics and
immunostimulatory agents in clinical trials (Zitvogel et al., 2015).
Therefore, the activation of STAT1 by EA may be beneficial to
enhance the antitumor effects of immunotherapy. The EA-induced
activation of STAT1 inhibited tumor growth, leading to the
observed potentiation of the IFN-y-induced anti-proliferative
effects in colon cancer cells.

In the clinical setting, the most frequently used cancer
treatments are radiotherapy, chemotherapy and targeted therapy.
However, the side effects limit their applications (Schneider et al.,
2015; Yock & Caruso, 2012; Le et al., 2014). Therefore, much
more effective treatment is required in order to maximally inhibit
tumor development and decrease adverse effects. Immunotherapy
has been demonstrated as a promising breakthrough treatment
modality against cancer, particularly following the discovery of
immune checkpoint inhibitors. It is well-known that the immune
system and tumors form an immune equilibrium in order to exist
in harmony. Certain tumor cells can be eliminated, but those
cells with low immunogenicity survived. Simultaneously, these
tumor cells can also change their microenvironment to build an
immunosuppressive network by producing immunoregulatory
or immunosuppressive cells, including MDSC, tumor-associated
macrophages and regulatory T cells (Spranger, 2016; McAllister
& Weinberg, 2014; Lim et al., 2014). Eventually, tumor cells
are able to escape from the immune clearance, proliferate and
metastasize. In the present study, EA treatment decreased
suppressive populations of MDSC and delayed tumor progression.
In addition, EA treatment reshaped the tumor microenvironment
by increasing the neo-antigen expression and the infiltration
of both CD4+ and CD8+ T cells, as well as the production of
IFNy and granzyme B. Therefore, the potential application of
the present results raises the prospect that clinical studies of EA
may be beneficial in combination with checkpoint blockade.

Herbal plants are gaining increasing attention as a source
of medicinal products. The present study demonstrated that
EA isolated from Selaginella pulvinata inhibited colon tumor
growth, providing the scientific rationale to develop EA as a
therapeutic agent against colon cancer.
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