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Background: Huaier extract has been a part of traditional Chinese medicine (TCM) for
roughly 1600 years and may serve as a potential anti-cancer drug as it is associated with
good efficacy and low toxicity. Individuals with inflammatory bowel disease (IBD) are at
a higher chance of being diagnosed with colorectal cancer (CRC) and as Huaier extract may
potentially influence tumorigenesis, we set out to determine the effect of Huaier extract on
colitis-associated CRC.

Methods: The CRC mouse model, established through azoxymethane (AOM) and dextran
sulfate sodium (DSS), was administered Huaier extract. Weight loss, colon length, tumor
number and tumor size were evaluated macroscopically. Pro-inflammatory cytokine expres-
sion and STAT3 phosphorylation were assessed in the colon using ELISA, Western blot and/
or immunohistochemistry.

Results: Huaier extract improved the severity of colitis-associated tumorigenesis compared
with control group, with attenuated weight loss and longer colons. Tumor number, size and
load were drastically decreased in mice treated with Huaier. Histological assessment sug-
gested that Huaier could decrease histological injury of the colon tissue. Additionally, Huaier
extract treatment led to reduced pro-inflammatory cytokine levels (TNF-a, IL-6, IFN-y and
IL-1B) and a decrease of STAT3 phosphorylation in colon tissue. Additionally, present
findings demonstrated that Huaier extract inhibited cell proliferation and induced apoptosis
in CRC cells HCT116 and HCTS. The migration and invasion of CRC cells were markedly
inhibited upon exposure to Huaier treatment. The apoptosis-associated protein levels (P53,
Bax, Bcl-2, pro-caspase-3 and cleavage caspase-3) showed significant differences after the
administration of Huaier extract in HCT116 and HCTS cells. In vivo, the administration of
Huaier extract to mice inhibited tumor growth and yielded a similar profile of apoptotic
proteins expression p53, Bcl-2, pro-caspase-3 and cleaved caspase-3 while no significant
differences in Bax were observed. Moreover, the ratio of TUNEL-positive/apoptotic cells
was markedly increased in the Huaier-treated mice.

Conclusion: Huaier extract may reduce the IBD-associated tumor development by suppres-
sing pro-inflammatory cytokine levels and STAT3 stimulation.

Keywords: colorectal cancer, Huaier extract, colitis, traditional Chinese medicine

Introduction

Cancer is a prominent cause of death globally. Despite the fact that colitis-
associated CRC is rare, it is the most severe complication among patients with
inflammatory bowel diseases (IBD). IBD is a disorder that develops due to immune
system dysregulation and autoimmunity. Crohn’s disease and ulcerative colitis, two
major types of IBD, are characterized by an overactive immune response to
intestinal flora. Colitis-associated CRC does not show a typical adenoma-carcinoma
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sequence. The excessive repair response and enhanced
inflammatory in mouse models made the mice signifi-
cantly more susceptible to colitis-associated CRC."™ In
different animal models, the occurrence and development
of colitis-associated CRC have been affected by bacteria,
tumor necrosis factor (TNF) and interleukin (IL).>”’
Despite the fact that IBD animal models have delivered
vital data about the function of inflammatory molecules
and events that lead up to CRC formation, current treat-
ments still remain to be improved.*® The key to improving
CRC therapy is to explore drug candidates with good
efficacy and low treatment toxicity.

Plant-derived natural medicines are thought to have
lower toxicity and fewer adverse effects compared to synthe-
tically produced medicines.” Thus, interest in chemothera-
peutics originating from natural sources has been rising.
Trametes robiniophila murr (Huaier) is a sandy beige mush-
room found on the trunks of trees and has been widely used
in traditional Chinese medicine (TCM) for more than 1600
years. Huaier granules, the aqueous product of Huaier
extract, are mainly composed of proteoglycans and have
been approved for use in TCM by the Chinese State Food
and Drug Administration (SFDA), for clinical treatment for
various cancer types, including gastric and colon cancer.'®'
Study showed that the active constituents of Huaier granules
is a neutral water-soluble polysaccharide with a molecular
weight of 2.5x10* Da that was composed of galactose (Gal),
arabinose (Ara) and glucose (Glc), with a relative molar ratio
of 4.2:2.5:0.7 by Gas chromatography (GC)."* Previously
published studies have validated the antitumor activity of
Huaier extract in several cancers, including cancers of the
breast, liver, gastrointestinal system, cervix, lungs and
ovary.'""'*'7 Therefore, Huaier extract could possibly serve
as an alternative or complementary therapeutic drug with
good efficacy and reduced toxicity against CRC. However,
few studies have evaluated the antitumorigenic effect of
Huaier in CRC and the mechanisms that underlie the inhibi-
tory influence of Huaier continue to be elusive. In this study,
we examined the influence of Huaier on CRC and explored
potential antitumor mechanisms.

Materials and Methods

Huaier Aqueous Extract Preparation

The trametes robiniophila murr (Huaier) were extracted
with 95% anhydrous ethanol at 100°C for 1.5 h to remove
grease, and the residue was processed twice with boiling
water for 3 h each time. The extract was centrifuged. And

we took the supernatant and concentrate it 10 times. After
that, the supernatant was precipitated with 95% anhydrous
ethanol at 4°C overnight. Then, we centrifuged the sedi-
ment and suspended it in distilled water, and the protein
was removed by the Sevage method. The obtained poly-
saccharide was thoroughly dialyzed with water for 2 days,
and then the dialysate was precipitated with 95% absolute
ethanol, washed with absolute ethanol, acetone and ether
to get the crude polysaccharide. Then, 8 g of crude poly-
saccharides was dissolved in 100 mL of distilled water and
transfer to a 2x40 cm DEAE-52 cellulose chromatography
column. After eluting with distilled water once, the col-
umn was eluted again with five gradients of sodium chlor-
ide solution (0.2, 0.5, 0.8, 1.0 and 2.0 M). Then, Sepharose
CL-6B and Sephadex G-100 gel-permeation chromatogra-
phy was used to collect, dialyze, freeze-dry, and purify the
neutral water-soluble polysaccharide, guided by phenol-
sulfuric acid method. The water-soluble polysaccharide
was prepared into 100mg/mL solution with distilled
water, sterilized using a 0.22um filter, and then stored at
—20°C for further use.

Animal Experiments and AOM/DSS

Inflammation-Induced CRC Mode
All female mice (C57BL/6, 6-8 weeks, 18-20 g) were
acquired through Laboratory Animal Center at Sun Yat-
sen University in China. Animals remained in sterile hous-
ings with filter-topped cages. Mice were kept in an area
that was 22+1°C, had humidity levels of 50-70%, and
a 12-h light/dark cycle. The study was performed after
the mice were allowed to acclimatize for 1 week. All
mice received humane care, as directed by study protocols
approved by the Animal Care Committee at the University
and in compliance with the guidelines on animal welfare
set by the National Committee for Animal Experiments.
Protocol was granted approval by the ethics committee at
the university. The mice were euthanized through cervical
dislocation.

The CRC mouse model was established using AOM
(Sigma-Aldrich, St. USA) and DSS (MP
Biomedicals, Solon, USA) as previously described.'® In

Louis,

brief, mice were injected into the peritoneum with one
12 mg/kg dosage of AOM. Next, they were given 2%
DSS dissolved in drinking water for 1 week, after which
normal drinking water was given for 2 weeks over
a course of 3 cycles. After injection with AOM, the mice
were assigned, on random, into two groups (six mice per
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group): the control group and Huaier group. Huaier extract
was given only to the Huaier group by gavage at a daily
dose of 4g/kg, while normal saline was given to the con-
trol group at the same dose and time. Evaluation of AOM/
DSS-treated animal was conducted every day to record
information regarding overall appearance, food intake,
weight, stool consistency and anal bleeding.

Enzyme-Linked Immunosorbent Assay
(ELISA)

TNF-0, IL-6, IFN-y and IL-1p expression in mouse sera
were analyzed according to the manufacturer’s instructions
by ELISA (eBiosciences, San Diego, CA, USA). Analysis
of all samples was conducted three times. Absorbance was
determined at 450 nm through the use of a microplate
reader (iMark™, Bio-Rad, USA).

Cell Culture

Two kinds of human CRC cell lines (HCT116 and HCTS)
were obtained from the Chinese Academy of Science Cell
Bank (Shanghai, China) and cultured in DMEM medium
containing 10% FBS, 100U/mL penicillin and 100 ug/mL
streptomycin as well as 1% Non-Essential Amino Acids
and 1% L-Gu at 37°C in a moist incubator (Thermo Fisher
Scientific, Inc, Waltman, MA, USA) under 5% CO2. The
medium was replaced regularly every 2—-3 days. The cells
were digested with 0.25% trypsin for 2—3 min at before the
digestion process was ended by DMEM medium with 2%
fetal bovine serum (FBS). The cells were placed in plastic
petri dishes (Nest, Shanghai, China) and cultured in com-
plete medium at a density of 1x10° cells/mL.

MTS Assays

One hundred and fifty pL of cell suspension was added
into each well in a 96-well plate. Each well contained
5000 cells. Following 24 h of incubation, the cells were
treated with 0, 1, 2, 4, 8 or 10 mg/mL Huaier extract for
24, 48 and 72 h in a quintuplicate. Following treatment,
20uL of MTS solution was added followed by incubation
for an additional 3 h. A microplate reader (Bio-Rad,
Hercules, CA, USA) was used to detect the absorbance
of the solution at 490 nm.

Colony Forming Assays

Colony-forming assays were performed to explore the
ability of cell proliferation. Briefly, 500 cells were planted
in each well in six-well plates. Cell culture mediums
containing either 0, 4 and 8 pg/mL Huaier extract were
replaced every 3 days. After 10 days, the cellular colonies

were stained with crystal violet and analyzed with
a scanner (Canon, China).

Invasion Assays and Migration Assays
Transwell chambers coated with 50ul Matrigel (BD
Bioscience, Oxford, UK) were used to determine the
in vitro invasion abilities. Briefly, 50ulL Matrigel was
used to coat the chambers and left to incubate for 4 h.
Two hundred uL of cell medium containing 4x104cells per
chamber was incubated for 36 h at 37°C,5 % CO2 and
95% humidity.

Huaier extract (4, 8mg/mL) was added to the upper
chambers of the Huaier-treated group. Paraformaldehyde
and crystal violet were used to fix and stain the cells, respec-
tively. For analysis, the white light microscope (Olympus,
BX53) was used and the total number of cells that invaded to
the bottom chamber was quantified manually by a random
selection of four random fields per chamber under x 400
magnifications. The process of migration assays was similar
to the above invasion assays, except that no Matrigel was
added to the Transwell chambers.

Scratch Assays

2.5x10° cells were seeded in 6-well plates and grown in cell
medium until a confluent monolayer was achieved. A p20
pipette tip was used to generate a linear wound and the cell
was then incubated with DMEM medium containing 0, 4
and 8 mg/mL Huaier extract and 2%FBS. The fluorescence
inversion microscope system (Leica, USA) was used to take
photographs at 0, 24 and 48 h, respectively. The percentage
of wound closure (%) was calculated as migrated cell sur-
face area/total surface area x100%.

Flow Cytometry for Apoptosis Identification
PI-annexin-V double-staining assays were performed to
detect cell apoptosis. Briefly, we resuspended 1x10° cells
in 100 ul binding buffer and then added 5ul Annexin
V-FITC and 10 ul propidium iodide (PI) in the solution.
Then, the above solution was incubated in a dark for 15
min at room temperature. Following the incubation,
another 400ul of binding buffer was added before
FACScan flow cytometry was performed.

Mouse Xenograft Tumor Models and TUNEL Assays
Our animal experiments were approved by the Ethics
Committee of the Institute of Sun Yat-sen University.
Ten male nude BALB/c mice (4 weeks old) were obtained
from the Experimental Animal Center of Sun Yat-sen
University, where we conducted animal experiments.
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1x10° HCT116 cells were subcutaneously injected to gen-
erate tumors. They were randomly assigned to two groups
based on the tumor volume which was assessed after the
tumors were palpable. Huaier extract was administrated
daily to one group by gavage at a concentration of 4g/kg.
The tumor size and the weight of the mice were measured
every 3 days and the tumor volume was calculated using
nls2/6, where 1 and s represented the long side and short
side, respectively. The apoptotic index was measured by
TUNEL assay according to the operating manual. The
mice were euthanized through cervical dislocation without
any anesthetics.

Western Blotting

Protein was isolated by utilizing RIPA buffer that con-
tained a concoction of protease and phosphatase inhibitors.
Subsequent to identifying the concentration of protein
through a BCA experiment read a microplate spectrophot-
ometer (Thermo, Massachusetts, USA), protein was ran on
a SDS-PAGE, and moved onto nitrocellulose membranes
(Millipore Corp, MA, USA) through a Trans-Blot System
(Bio-Rad, CA, USA). Then, membrane was placed in
blocking buffer and incubated for at least 12 h with pri-
mary antibody directed against STAT3 (1:1000, CST,
Boston, USA), p-STAT3 (Tyr 705, 1:1000, CST, Boston,
USA), p53 (1:1000, Abcam, Cambridge, UK), Bcl-2
(1:1000, Abcam, Cambridge, UK), Bax (1:1000, Abcam,
Cambridge, UK) and GAPDH (1:5000, Sigma Aldrich).
The membranes were placed overnight with secondary
antibodies (1:5000, IRDye Goat IgG, LI-COR Bioscience
NE, USA) at room temperature for 1 h. Bands were
observed by utilizing the Odyssey Imaging System
(LI-COR Biosciences, NE USA).

Histological and Immunohistochemical
Analysis

The mouse tumors were extracted, embedded in paraffin and
divided into sections (4 um). Hematoxylin and eosin (H&E)
were conducted to determine the tissues’ histopathologic
state and validate the presence of dysplasia. Expression of
p-STAT3 (Tyr705, 1:200, CST, Boston, USA) was visualized
using immunohistochemical staining. Paraffin was removed
from the slides using dimethylbenzene and rehydrated using
graded alcohols. The antigen was recovered by incubating
the slide in sodium citrate buffer. Endogenous peroxidase
was inhibited through hydrogen peroxide and treated over-
night using antibody against p-STAT3 (Tyr 705, 1:200, CST,

Boston, USA) at 4°C. Finally, slides marked using diamino-
benzidine in an Envision System (Dako, Denmark) were
further stained with hematoxylin.

Histopathological Evaluation

Four micron-thick formalin-fixed paraffin-embedded tissue
sections were stained with hematoxylin and eosin (HE) to
assess the severity of inflammation. Colitis was scored
using a blind method, that is, a comprehensive score of
tissue damage (0-3 points) and inflammatory cell infiltra-
tion (0-3 points).'” In short, for tissue damage, normal
colonic mucosa was scored 0; discrete lymphoepithelial
lesions were scored 1; surface mucosal erosions or focal
ulcers were scored 2; extensive mucosal damage extends
deep was 3 points. For inflammatory cell infiltration, occa-
sional inflammatory cells in the lamina propria were
scored 0; increased lamina propria inflammatory cells
were scored 1; inflammatory cells extending to the sub-
mucosa were scored 2; infiltration transmural expansion
was scored 3. The histological score was the sum of the
above two parameters (from 0 to 6).

Statistical Analyses

SPSS 22.0 was utilized for all the statistical analyses.
Student’s #-test helped assess statistical significance.
P value <0.05 represents statistical significance.

Results
Huaier Extract Inhibited Malignant

Transformation of Colitis

To investigate the function of Huaier extract in CRC, we used
Huaier extract on the AOM/DSS experimental inflammation-
stimulated CRC model (Figure 1A and B). After 70 days of
post-AOM injection, the mice were euthanized, and their
colon length and tumors formation were determined. All
mice were alive during the experimental period, but went
on to develop obvious clinical signs including weight loss
and bloody diarrhea. The present study showed that weight
reduction was drastically more significant in the controls (p <
0.001, Figure 1C). Colon swelling was seen across both
cohorts that received AOM/DSS treatment. However, colons
in the Huaier extract treatment group were substantially
longer compared to the controls (92.17 £ 3.01 mm vs 78.33
+2.59 mm, p = 0.006, Figure 1D). The amount of tumors in
mice administered Huaier extract was considerably
decreased in comparison to the controls (5.33 + 0.67 vs
8.67+0.67, p=0.005, Figure 1E). Furthermore, the diameter

of tumor in mice treated with Huaier extract was reduced
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Figure | Huaier extract attenuates AOM/DSS-induced colitis-associated tumorigenesis. Schematic overview of Huaier extract treatment during colitis-associated
tumorigenesis induced by AOM/DSS. Huaier extract or normal saline was administered via gavage at a daily dose of 4g/kg. Mice were sacrificed on day 70 (A). Adenoma
formation in colon of both groups (B). Changes in body weight. Huaier extract treatment ameliorates weight loss (C) (p < 0.001). Comparison of colon length. Huaier
extract treatment ameliorates colon shortening (D) (p=0.006). Comparison of tumor number. Huaier extract treatment attenuates tumorigenesis with less tumor number
and load (E) (p=0.005). Comparison of tumor size. Diameter of tumors in Huaier extract treatment group is smaller (F) (p=0.029). Comparison of tumor load. Huaier
extract treatment attenuates tumorigenesis with lower tumor load (G) (p<0.001). *p<0.05.

Abbreviations: AOM, azoxymethane; DSS, azoxymethane.

compared to controls (4.28 + 0.32 mm vs 5.82 £ 0.51 mm,
p = 0.029, Figure 1F). Finally, the tumor load (calculated as
a total of tumor diameter per mouse) in Huaier extract treat-
ment group was significantly lower (11.50 + 1.26 mm vs
25.33 £ 1.84 mm, p < 0.001, Figure 1G).

Huaier Extract Decreased Histological
Damage

Colon tissue was H&E stained and tumors across the
two cohorts were identified as adenomas associated with
high-grade 2A). To determine

dysplasia (Figure
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Figure 2 Huaier extract reduces histological damage of colon tissue. Representative H&E staining of mice tumor tissues of the Huaier extract treatment group and control
group. All tumors are adenomas with high-grade dysplasia (A). Representative H&E staining and histological score comparison of inflammatory tissues of mice in Huaier
extract treatment group and control group. Huaier extract reduces inflammatory severity compared to the control group (B and C) (p=0.007). *p<0.05.

Abbreviation: H&E, hematoxylin and eosin.

inflammation, tissue damage and penetration of inflam-
matory cells, the non-tumor tissues were examined using
a microscope. Similar to the macroscopic findings con-
veyed earlier, Huaier extract effectively decreased sever-
ity of inflammation, as shown by the histological score
between the two cohorts (3.00 = 0.26 vs 4.67 + 0.42,
p = 0.007, Figure 2B and C).

Huaier Extract Reduces

Pro-Inflammatory Cytokine Expression

To determine the mechanism by which Huaier extract
reduced colitis-associated colorectal tumorigenesis,
changes in colonic contents of well-known pro-
inflammatory cytokines were evaluated by ELISA.

Compared to control mice, Huaier extract decreased
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pro-inflammatory cytokine expression in serum,
such as TNF-a (P = 0.029), IL-6 (P = 0.007), IFN-y
(P =0.010) and IL-1B (P = 0.021) (Figure 3A).

Huaier Extract Reduced STAT3

Phosphorylation

Next, we identified that Huaier extract decreased p-STAT3
expression in colon compared with the controls (Figure
3B). We also observed the down-regulation of p-STAT3
from immunohistochemistry results of tumor tissue
(Figure 3C).

1.5+
o @ Control
o .
= * * * * Huaier
S
< 1.0
o T
= T . T
o
% 0.5+
[}]
i
S
X
w
p-STAT3
STAT3
GAPDH D GEP ene ene end ems
p-STAT3

Figure 3 Huaier extract decreases inflammatory cytokines and down-regulates
STAT3 phosphorylation in colon tissue. ELISA shows decreased expression of
inflammatory cytokines in colon tissue after Huaier extract treatment. TNF-a
(p=0.029), IL-6 (p=0.007), IFN-y (p=0.010) and IL-1B (p=0.021) (A). Western blot
shows down-regulation of STAT3 phosphorylation in colon tissue after Huaier
extract treatment (B). IHC shows down-regulation of STAT3 phosphorylation in
colon tissue after Huaier extract treatment (C). *p<0.05.

Abbreviations: ELISA, enzyme-linked immunosorbent assay; IFN, interferon; IHC,
immunohistochemistry; IL, interleukin; STAT, signal transducer and activator of
transcription; TNF, tumor necrosis factor.

Huaier Extract Inhibited the Proliferation

of Human Colorectal Cancer Cells

In order to evaluate the effect of Huaier extract on the
proliferation of CRC cells, HCT116 and HCT8 were trea-
ted with Huaier extract (0, 1, 2, 4, 8 and 10 mg/mL) for 24,
48 and 72 h, respectively, and then MTS assays were used
to measure cell viability. Huaier extract significantly inhib-
ited both HCTII6 and HCTS
a concentration- and time-dependent manner (Figure 4A
and B). When HCT116 and HCTS cells were treated with
0,1, 2, 4, 8 and 10 mg/mL Huaier extract for 48 h, the cell
viabilities of HCT116 cells were 100.0%, 91.2%, 72.6%,
54.3%, 48.2% and 46.8%, respectively, and those of HCT8
cells were 100.0%, 94.8%, 83.5%, 59.2%, 51.0% and
47.6%, respectively. Based on these results, concentrations

cell growth in

of 4 and 8mg/mL were selected for further studies.
Furthermore, colony formation assays were carried out to
further examine the effect of Huaier extract on the prolif-
eration of CRC cells. It revealed that Huaier extract (4 and
8 mg/mL) reduced both abilities of HCT116 and HCTS to
form cell colonies (Figure 4C and D).

Huaier Extract Inhibited Cell Motility of
HCT116 and HCTS8 cells

To explore the effects of Huaier extract on cell migration,
HCT116 and HCT8 were treated with 4 and 8 mg/mL
Huaier extract, and cell migration ability was determined
using scratch and migration assays. Consistent results
were obtained from both of the assays. In the scratch
assays, both 4 and 8 mg/mL Huaier extract significantly
inhibited the process of wound closure compared with the
untreated cells for both HCT116 and HCT8 cells (Figure
5A and B). In the migration assay, both 4 and 8 mg/mL
Huaier extract significantly inhibited cell migration com-
pared to the untreated cells (Figure 5C and D). To deter-
mine whether Huaier extract could affect cell invasion
ability, we performed an in vitro invasive assay of
HCT116 and HCT8 cells. The number of invading cells
was significantly less than that of untreated cells when
exposed to 4 and 8 mg/mL Huaier extract, indicating that
Huaier extract reduced the invasive potential of CRC
cells (Figure 5C and D).

Huaier Extract Promoted Cell Apoptosis
of HCT116 and HCTS8

We performed the PI-annexin-V double-staining assays
using flow cytometry to determine the rate of cell
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Figure 4 Effects of Huaier extract on the proliferation of human colorectal cancer cells. Cell viability of HCT | 16 and HCT8 decreased with the increased concentrations of
Huaier extract. When HCT |16 and HCT8 cells were treated with 0, 1, 2, 4, 8 and |0mg/mL Huaier extract for 48 h, the cell viabilities of HCT 116 cells were 100.0%, 91.2%,
72.6%, 54.3%, 48.2% and 46.8%, respectively, and those of HCT8 cells were 100.0%, 94.8%, 83.5%, 59.2%, 51.0% and 47.6%, respectively (A and B). HCT116 and HCT8 cell
colony formation were significantly reduced when treated with Huaier extract (4 and 8mg/mL) (C and D).

apoptosis after 48 h of exposure to Huaier extract (4 and
8mg/mL). Both early and late apoptosis rates were
increased in a concentration-dependent manner for both
HCT116 and HCTS cells (Figure 6A and B). Given that
p53 plays a vital role in the process of cell apoptosis,
expression of p53 was measured with Western blotting
after HCT116 and HCTS cells were treated with 4 and
8 mg/mL Huaier extract for 48 h. The protein level of
p53 significantly increased in both HCT116 and HCTS
cells. Previous studies reported that Bax and Bcl-2 were
involved in pS53-associated apoptosis processes. To
further examine the impact of Huaier extract on cell
apoptosis, the expressions of Bax and Bcl-2 were also
measured with Western blotting. The trend of Bax pro-
tein levels was similar to levels of p53, while the
administration of Huaier extract markedly down-
regulated Bcl-2 expression (Figure 6C).

Huaier Extract Inhibited CRC Growth
and Promoted Apoptosis in Xenograft
Models

We further investigated the in vivo effects of Huaier
extract on CRC cells. Based on the above results, the
anti-proliferation effects of Huaier extract were more
prominently seen in HCTI116 cells than HCT8 cells.
As such, HCT116 cells were selected for further studies
in xenograft models. HCT116 (1 x10%) cells were
injected subcutaneously in nu/nu mice to generate
tumors and Huaier extract was administrated daily to
the animals by gavage at a concentration of 4g/kg.
These protocols were based on methods published in
previous studies [11] (Figure 7A). Administration of
Huaier extract inhibited tumor growth and resulted in
lower tumor weights (Figure 7B-D). Additionally, no
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Figure 5 Effects of Huaier extract on cell motility of HCT 116 and HCT8cells. In the scratch assays, the process of wound closure was significantly inhibited when treated
with Huaier extract (4 and 8mg/mL) compared with the untreated cells for both HCT 116 and HCT8 (A and B). In migration and invasion assays, migrational movement was
significantly inhibited when treated with Huaier extract (4 and 8mg/mL) compared with the untreated cells (C and D).

significant difference was demonstrated between the
body weights of mice of the treated and control groups,
indicating that the Huaier dose used in this study did not
impart any significant toxicity (Figure 7E). Notably, no
mice in the two groups tested positive for metastatic
tumors in the lung, liver and lymph nodes. IHC analysis
revealed that Huaier-treated tumors showed a markedly
decreased ratio of Ki67-positive cells and increased ratio
of TUNEL-positive/apoptotic cells compared with the
control group (Figure 7F). Consistent with the in vivo
experiments, the protein levels of apoptosis-related pro-
teins p53, Bax and Bcl-2 were found to be the same in

in vitro experiments (Figure 7G).

Discussion

Recently, TCM has acquired worldwide recognition and
serves as a vital source for identifying potential anticancer
medicines with good efficacy and low toxicity. Huaier,
a form of officinal fungi, has been utilized in TCM for
about 1600 years.’>** The main functional substance of
Huaier aqueous extract is a light-yellow powder that can be
obtained through hot-water extraction, ethanol precipitation,
deproteinization and lyophilization. The crude extract is
made up of water-soluble polysaccharide, which is actually
made up of 96.5% carbohydrate, including six sugars,
L-fucose, L-arabinose, D-xylose, D-galactose, D-mannose
and D-glucose."> Given Huaier’s potential role as an
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Figure 6 Effects of Huaier extract on cell apoptosis of HCT| 16 and HCT8. The apoptosis rate including late and early apoptosis increased in a concentration-dependent
manner for both HCT 116 and HCT8 cells (A and B). The expression level of p53 and Bax were significantly increased while Bcl-2 was down-regulated when treated with

Huaier extract (4 and 8mg/mL) compared with the untreated cells (C).

anticancer agent, it has been extensively studied. Our current
analysis aimed to establish the influence of Huaier extract on
colitis-associated colorectal tumorigenesis and its antitumor
effects on CRC. The key findings of the current study provide
a novel understanding of the central function of Huaier
extract as a regulator of inflammatory immune responses in
the inhibition of CRC growth. In our study, we found that the
number of tumors was substantially lower in mice treated
with Huaier extract in comparison to the controls.
Additionally, the tumor size in the Huaier extract treatment
group was likely to be smaller. The results directly indicate
that Huaier extract suppresses malignant transformation.
Furthermore, this pilot study revealed that Huaier extract
could inhibit cell proliferation and induce cell apoptosis in
CRC cells, with both processes at least partially facilitated by
activation of the apoptotic pathway.

Chronic inflammation may be a powerful force in tumor
development by stimulating genetic mutations, encouraging
growth and hindering apoptosis, which are pathways in
which  inflammatory  cytokines  have  important
functions.'®* Indeed, TNF-a, IL-6, IL-1B and IFN-y are
vital pro-inflammatory cytokines that have a function in
CRC.® As the function of these cytokines contribute to

a fundamental shift between inflammation and cancer, sev-
eral lines of evidence point to a vital function of TNF-a,
IL-6,
progression.”**> In this study, we demonstrated that pro-

IL-1B and IFN-y in tumor development and

inflammatory cytokine expression in CRC mice treated with
Huaier extract were reduced in comparison to the vehicle-
control mice. These results suggest that Huaier extract can
decrease pro-inflammatory response, leading to the inhibi-
tion of carcinogenesis. IL-6, a proinflammatory cytokine,
can bind to gp130 and phosphorylate the downstream effec-
tor STAT3, which regulates expression and control of cell
growth and apoptotic suppression in colitis-associated
tumor development.®?” Abnormal STAT3 stimulation
increases certain survival factors, including Bcl-2 and Bcl-
xL, which leads to encouragement of growth and reduction
of apoptosis.”® Our analysis indicates that STAT3 phosphor-
ylation was reduced post-treatment with Huaier extract,
which, at least to some degree, may represent a powerful
mechanism by Huaier extract acts as an antitumor agent.
Not only does Huaier extract inhibit inflammatory carci-
nogenesis, but it also has significant antitumor effects when
tumors formed. Dysregulation of cellular proliferation and
apoptosis are the hallmarks of cancer and aberrantly

submit your manuscript

8700

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Zou et al

Huaier Huaier

Tumor weight(g)

Contro

D o5 6003 -—CH:onjtroI
— Huaier
Control € 500 .
D 4007
gsoo-
2 200
[ =
O 1004
S
3 c L) L) L} 1] T T L) 1
= 5 8 1 14 17 20 23 26
Days
E
22+
— Control

— — Huaier

2

€ 204

R

s

>\18-

e}

@]

m

.-,5 tli 1'1 1'4 1'7 2'0 2'3 2l6
Days
G Control Huaier

P53 ME————
BAX

BCl-2 | ——

Figure 7 Effects of Huaier extract on CRC growth and apoptosis in xenograft models. Establishment of macroscopic subcutaneous tumor models through tumor cell
injection (1x10® HCT116 cells) in different groups (A). Compared with the control group, the mice in the Huaier group had smaller tumor volume and lighter tumor weight
(B-D). There was no significant difference in body weight between the control group and the Huaier group (E). A markedly decreased ratio of Kié7-positive cells and
increased ratio of TUNEL-positive/apoptotic cells were shown in Huaier group compared with the control group (F). The expression level of p53 and Bax were significantly
up-regulated while Bcl-2 was down-regulated in the Huaier group compared with the control group (G). *p<0.05.

Abbreviations: CRC, colorectal cancer; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling assay.

sustained active proliferative signaling and resistance against ~ Consequently, the modulation of proliferation and apoptosis
apoptosis are common events that often take place during the  in cancer cells has emerged as a promising approach in
development of human tumors including CRC.*?®  cancer therapy. In the present study, we demonstrated that
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Huaier aqueous extract markedly inhibited the growth and
induced apoptosis of CRC cells both in vitro and in vivo. In
particular, the antitumor effects of Huaier aqueous extract on
HCT116 cells were more effective than that on HCTS cells.
The dismal prognosis and high mortality of CRC patients are
the results of the highly malignant property of CRC cells.
Consequently, inhibiting cancer metastasis may be the key in
improving the prognosis of CRC patients. Herein, our results
revealed that treatment with Huaier extract significantly
represses migratory and invasive capacities of HCT116 and
HCTS cells. Based on our in vitro pilot results, it is rational
and feasible that Huaier extract serves as a potential drug that
targets CRC metastasis. However, further studies delineating
the pathways underlying this phenomenon are necessary.
The mechanisms of antitumor effects of Huaier extract
include inhibition of proliferation, induction of apoptosis,
reversal of drug resistance in cancer cells, as well as
regulation of  immunity and anti-angiogenic
functions.'®***! In the current investigation, we demon-
strated that Huaier extract inhibited the proliferation of
CRC cells in vitro and in vivo possibly via an apoptosis-
associated pathway. According to a previous study, PI-
annexin-V double staining can be used to detect cells in
the early and late phases of apoptosis.>” Indeed, our results
revealed that the rates for both late and early apoptosis
were increased in a concentration-dependent manner. To
further elucidate the mechanisms underlying Huaier-
induced apoptosis, p53, Bax and Bcl-2 protein levels
were measured by Western blotting and TUNEL assays
were performed on the tumor tissues. The p53 protein
generally serves as a kind of tumor suppressor protein,
playing a vital role in the cellular response to DNA
damage and other genomic aberrations. Herein, the up-
regulation of p53 was observed after treatment with
Huaier extract both in vitro and in vivo, partly explaining
the mechanism underlying Huaier-induced apoptosis. Bcl-
2 and Bax are generally considered as critical mediators of
cell apoptosis which work through the mitochondrial path-
way. In agreement with a previous report,”’ our results
revealed that the mitochondrial apoptosis pathway can be
affected by treatment with Huaier extract. However, it
remains unclear as to why no significant difference in
Bax was observed in the Huaier-treated tumor tissues.
Previous studies have shown significant antitumor effects
of Huaier extract on gastric cancer and inhibition of inflam-
mation in DSS-induced experimental colitis.>*~** Our study
further found that it also has a significant antitumor effect in
CRC. Dysregulation of inflammatory immune responses has

emerged as a hallmark of CRC and is common during the
multistep development of CRC from IBD.*>>” To our
knowledge, there are a few studies that have been carried
out to determine the anticancer effects of Huaier extract on
colitis-associated colorectal cancer. Given that Huaier extract
possesses promising anticancer properties and may serve as
an adjuvant therapy in CRC treatment, future studies should
focus on the use of Huaier extract in CRC patients. In
addition, Huaier extract may be helpful for IBD patients at
high-risk factors for malignant transformation.

Conclusions

In conclusion, this pilot study revealed that Huaier extract
could inhibit cell proliferation and induce cell apoptosis in
CRC cells, with both processes at least partially facilitated
by activation of the apoptotic pathway. And finding from
our analyses indicates that Huaier extract can inhibit the
development of colitis-associated CRC by regulating
inflammatory immune responses of a mouse model.
Present results help to additionally elucidate the antitumor
influence of Huaier extract on CRC and provide a unique
scientific rationale for clinical medication. Nevertheless,
the development of IBD-associated cancer in humans is
increasingly complicated compared to the mouse model
and the mechanism of Huaier extract on this disease devel-
opment is not clear. Additional preclinical and clinical
analyses are needed to confirm these results.

Abbreviations

AOM, azoxymethane; CRC, colorectal cancer; DMEM,
dulbecco’s modified eagle medium; DSS, dextran sulfate
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