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Purpose: Huaier, the fruiting body of Trametes robiniophila Murr, is a kind of traditional
Chinese medicine. Recently, many studies have confirmed that Huaier has antitumor effects
on various malignancies. Moreover, studies have demonstrated that long noncoding RNAs
play an important regulatory role in the occurrence and progression of malignancies. Our
present study was to explore whether Huaier has a potential antitumor effect in cholangio-
carcinoma and reveal the relationship between IncRNAs and Huaier-induced tumor
inhibition.

Methods: Microarray assay was performed to identify the candidate IncRNAs regulated by
Huaier. Quantitative real-time PCR was applied to assess the effect of Huaier on TP73-AS1
expression. The effect of Huaier on the cell viability, proliferation, migration and invasion
was evaluated by CCK-8, colony formation, wound healing and Transwell assays, respec-
tively. The ratio of cell apoptosis was determined using AO/EB, Hoechst 33342 and flow
cytometry. The effect of Huaier on oxidative stress was revealed using DCFH-DA, mito-
SOX, JC-1 probes and Western blotting. In addition, the effect of Huaier on tumor growth
and metastasis was explored using subcutaneous tumor model and lung metastatic tumor
model in nude mice.

Results: In vitro, Huaier inhibited the proliferation, migration and invasion of cholangio-
carcinoma cells by down-regulating TP73-AS1 and induced apoptosis through mitochondrial
apoptotic pathway. In vivo, Huaier suppressed the growth and metastasis of cholangiocarci-
noma by modulating the expression of proliferation and EMT-associated proteins.
Conclusion: Huaier could inhibit cell proliferation, invasion and metastasis by modulating
the expression of TP73-AS1, meanwhile promote apoptosis of CCA cells through disturbing
mitochondrial function, inducing oxidative stress and activating caspases in vitro. In addi-
tion, Huaier could suppress tumor growth and metastasis by regulating the expression of
proliferation and EMT-related proteins. In the meantime, Huaier prolonged the survival of
nude mice in lung metastatic model with acceptable drug safety.
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Introduction

Cholangiocarcinoma (CCA), a highly aggressive cancer originating from the
epithelial cells of bile ducts, ranks the second most common malignancy in hepatic
primary diseases worldwide.'” Epidemiological surveys indicated that the morbid-
ity and mortality rates of CCA had noticeable ascendant trend around the world,
particularly in Asia and America.’ At present, surgical resection and chemotherapy
still remain the main therapeutic strategies for patients with CCA, but both have
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their own limitations. Due to the insidious onset, the lack
of early specific clinical manifestations and rapid progres-
sion, most patients with CCA are usually diagnosed at the
late stage and lost the opportunity of early surgical
treatment.” However, for those patients who have had
access to radical resection at early stage, the high recur-
rence rate still should not be ignored.” Chemotherapy is
the hope for patients with advanced or recurrent CCA,
such as cisplatin combined with gemcitabine is the current
first-line chemotherapy strategy for patients with advanced
CCA.%” Whereas, primary resistance, secondary resistance
and adverse drug reactions often occur during therapy,
which leads to interruption of chemotherapy and leaves
the patients with poor prognosis.®’ Statistical data indi-
cated that these limitations resulted in a 5-year survival
rate of less than 15% for CCA patients.® Therefore, the
investigation for novel effective and lower toxic anti-
tumor drugs has become the active demand to improve
the clinical outcomes of CCA.

In recent years, natural phytochemicals have attracted
the attention of researchers as potential anti-tumor agents.
Among them, more and more traditional Chinese medicine
(TCM) which have anti-tumor properties have been dis-
covered and investigated.” '? Huaier, the fruiting body of
Trametes robiniophila Murr, is a kind of light-tawny
mushroom parasitic on the boles of locust trees."
According to the records of TCM, Huaier is usually used
as an anti-inflammatory.'"* As pointed out in recent
explorations, Huaier extract could play an anti-tumor role
in a variety of malignant tumors, such as gastric cancer,

cancer.'>!8

lung cancer, osteosarcoma and breast
Meanwhile, Huaier could also strengthen the organic
immunity by up-regulating the activity of natural killer
cells and T cell subsets.'” Although the role of Huaier in
some common malignancies has been reported in scatter
studies, the potential effect and exact mechanism in human
CCA are still not fully revealed.

Long non-coding RNAs (IncRNAs) are defined as
a family of RNA molecules with transcript length over
200 nt*° Instead of encoding for proteins, they play
important roles as a considerable layer of cell biological
regulation, such as epigenetic regulation, transcriptional
regulation and post-transcriptional regulation.”® Many stu-
dies have indicated that IncRNAs could play crucial roles
in regulating the growth of normal tissue, cell differentia-
tion, and tumor progression.’’** In addition, aberrant
expression levels of IncRNAs have been coupled with

various malignancies including CCA.>'>* Moreover,

with the development of high-throughput sequencing tech-
nology, a tremendous amount of tumor-related IncRNAs
have been recognized and studied.>*** In addition, studies
on anti-tumor agents have been gradually linked with the
impact on IncRNAs expression.”®

In our present research, different human CCA cell lines
as well as different experimental animal models were
applied to explore the functional role of Huaier extract
in vitro and in vivo and discover its underlying mechan-
isms. Additionally, high-throughput sequencing assay was
performed to analyze the effect of Huaier on IncRNAs
expression. Our experimental data illustrated that Huaier
could not only inhibit cell proliferation, migration and
invasion but also induce apoptosis by up-regulating intra-
cellular ROS levels in vitro. Moreover, Huaier could sig-
nificantly suppress tumor growth and metastasis in vivo.
These effects of Huaier might be associated with down-
regulation of IncRNA TP73-AS1, mitochondrial dysfunc-
tion and caspase cascade activation.

Materials and Methods

Reagents and Antibodies

Roswell Park Memorial Institute (RPMI)-1640 medium was
bought from HyClone (Logan, UT, USA). Fetal bovine
serum (FBS) was obtained from Thermo Scientific (Gibco,
Shanghai, China). Cell counting kit-8 (CCK-8) was obtained
from Dojindo Molecular Technologies (Tokyo, Japan).
Dimethyl sulfoxide (DMSO) and Hoechst 33342 staining
solution were purchased from Solarbio (Beijing, China).
Primary antibodies against Bcl-2, Bax and cytochrome
¢ were supplied by Proteintech (Rosemont, IL, USA). Anti-
cleaved caspase-9 and anti-cleaved caspase-3 antibodies
were purchased from Cell Signaling Technology (CST,
Danvers, MA, USA). Antibodies against Ki-67, PCNA,
Snail, E-cadherin, Vimentin and N-cadherin were acquired
from Abcam (Cambridge, MA, USA).

Drugs

Aqueous Huaier extract used in the present experiments was
supplied by Gaitianli Pharm (Qidong, China). Huaier
extract was dissolved in RPMI-1640 medium at the con-
centration of 100 mg/mL. Then, the diluted solution was
sterilized with filter (aperture of 0.22 pm) and stored as the
stock solution in the —80°C refrigerator away from light.
The stock solution was diluted to target concentration with
a complete medium during the experiment. To avoid
repeated freezing-thawing cycles that might affect the
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effectiveness of the drug, the stock solution needed to be
repackaged and replaced every two freezing-thawing cycles.

Cell Culture

The human CCA cell line RBE was commercially bought
from Shanghai Institute of Biological sciences and Cell
Resources Center, Chinese Academy of Sciences
(Shanghai, China). CCLP1 and HuCCT1 were kindly
donated by Prof. LX Liu (the First Affiliated Hospital of
Harbin Medical University). These three cell lines were
cultured in RPMI-1640 medium added with filtered FBS
(10% concentration), penicillin (100 U/mL) and strepto-
mycin (100 mg/mL). All the cells were maintained in
humid cell incubator at 37°C containing 5% CO,. In
addition, monthly mycoplasma testing was performed to
ensure mycoplasma-negative culture. In the present
research, the use of the cell lines was approved by the
Ethics Review Committee of Harbin Medical University.

Cell Viability Assay

The effect of Huaier on the viability of human CCA cell
lines CCLP1, HuCCT1 and RBE was evaluated using
CCK-8 assays. Tumor cells at the exponential growth
stage were seeded into 96-well culture plate at the inocu-
lum density of 5x10° per well. After 24 hours of contin-
uous culture in the incubator, the previous medium was
discarded and replaced with medium containing Huaier at
different concentration gradients, and then the cells were
incubated for another 24 h or 48 h. Next, 10 pL of CCK-8
working solution was added to each well. After incubation
for 2 h, the absorbance at 450 nm was detected with
a multifunction microplate reader (CLARIOstar; BMG
LABTECH, Ortenberg, Germany). The specific calcula-
tion method was: Cell viability = (A4so of drug-treated
well-Ayso of blank well)/(Ays0 of non-drug-treated control
well- Ayso of blank well)x100.

Colony Formation Experiment

Colony formation assays were performed to assess the
effect of Huaier on cell proliferation. Briefly, tumor cells
pretreated with Huaier were inoculated into 6-well plate
at the density of 1x10° cells per well. After 2 weeks of
incubation, the cells were fixed with paraformaldehyde
and stained with crystal violet staining solution. Next,
the visible cell
observed and assessed under a microscope (Olympus,

colonies (>50 cells/colony) were

Tokyo, Japan).

Cell Morphological Observation

After treated with different concentration gradients of
Huaier in the presence or absence of NAC (3 mM), the
morphological changes of CCLP1 and RBE cells were
observed and photographed under a microscope.

Apoptosis Assay

Effect of Huaier on the apoptosis of CCA cells was pre-
liminarily investigated by acridine orange/ethidium bro-
mide (AO/EB) double fluorescent dye (Solarbio, Beijing,
China) and Hoechst 33342 assay kit according to the
reagent specifications. In the AO/EB experiment, tumor
cells were pre-seeded and cultured overnight in a 6-well
petri dish. After 24 h of stimulation with Huaier, the pre-
configured AO/EB stain was added to each well. Finally,
the apoptosis level was observed and evaluated under
a fluorescent microscope system (Leica, Buffalo Grove,
IL, USA). In Hoechst 33342 assay, the Huaier-treated cells
were immobilized with paraformaldehyde solution and
stained with Hoechst 33342 working solution for 20 min.
Then, the intensity of blue fluorescence was observed and
photographed by a fluorescence microscope.

To further confirm the effect of Huaier on cell apopto-
sis, Annexin V-FITC and PI double-staining apoptosis
detection kit (BD Biosciences, Shanghai, China) was
applied. In brief, 1x10° cells were seeded into 6-well
plate and cultured overnight. Next, the cells were stimu-
lated with different concentrations of Huaier with or with-
out NAC. After 24 h of stimulation, the cells were
collected using EDTA-free trypsin (Beyotime, Shanghai,
China) and rinsed with 4°C precooled phosphate-buffered
saline (PBS) before resuspended in the precooled 1xbind-
ing buffer. The total volume of each test sample was fixed
to 500 pL. After that, cells were stained with Annexin
V-FITC (5pL) and PI (5 pL). Finally, the cells were
filtered with 300 aperture mesh and the cell apoptosis
levels were evaluated by applying a flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA).

Migration and Invasion Assays

The effect of Huaier on the migration rate of CCA cells was
initially evaluated by wound healing assays. Briefly,
a sterile 200 pL pipette tip was applied to make a scratch
area on the cell layer of 6-well culture dish. Then, the
floating cells around the scratch area are washed away
with sterilized PBS, and the remaining cells were cultured
in serum-free medium with or without Huaier. The motility
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of each group was recorded at 24 h and 48 h. Transwell
assays were performed to further determine the effect of
Huaier on cell motility. Briefly, the Huaier-treated cells
were inoculated in the upper chambers of the Transwell
unit (Corning, NY, USA) and cultured with 200 pL of
general culture medium without FBS. Then, 600 pL of
culture medium containing 10% FBS was added to the
lower chambers as a kind of coinducer. The chambers
covered with or without Matrigel (BD Biosciences, San
Jose, CA, USA) were used to monitor the cell invasion or
migration, respectively. After 24 h incubation at 37°C, the
cells still in the upper chambers were removed. Finally, the
cells on the lower face of the Transwell chambers were
fixed with 4% paraformaldehyde solution and stained with
crystal violet staining solution. After air drying, the total
number of stained cells was counted under a microscope.

Quantitative Real-Time PCR and Cell

Transfection

The total RNA from CCLP1 cells treated with or without
Huaier was extracted by applying TRIzol reagent (Merck,
Shanghai, China) and the complementary strand of DNA
(cDNA) was synthesized using Ipg total RNA with
SuperScript III First-Strand Synthesis SuperMix Kit
(Invitrogen, Shanghai, China). Polymerase chain reaction
(PCR) assay was applied to explore the expression of
specific IncRNA using fluorescence ration PCR instrument
(Bio-Rad, Hercules, California, USA) with QuantiFast
SYBR Green PCR Kit (Qiagen, Shanghai, China). The
primer sequences of TP73-AS1 used in the PCR experi-
ment were listed as follows: the forward sequence was
5'-CCGGTTTTCCAGTTCTTGCAC-3" the  reverse
sequence was 5'-GCCTCACAGGGAAACTTCATGC-3'
(Genechem, Shanghai, China). In this study, TP73-ASl1
overexpression or TP73-AS1 knockdown was obtained
via transfecting CCLP1 cells with TP73-AS1 vector or
TP73-AS1 siRNA. The vector, siRNA and their corre-
sponding controls designed by GenePharma
(Shanghai, China).
reagent (Invitrogen, CA, USA) was applied for cell trans-

were
Lipofectamine 3000 transfection
fection following the protocol recommended by the
reagent supplier. After 48 h of transfection, the cells
were harvested for further research.

LncRNA Microarray Assay
The difference in IncRNA expressions between control
groups and Huaier treatment (2.25 mg/mL) groups

(CCLP1) was determined using the Human LncRNA
Array V4.0 (Illumina, CA, USA). By utilizing the fourth-
generation IncRNA sequencing technology, nearly 40,916
IncRNAs could be investigated. In addition, the microar-
ray hybridization process was implemented following the
manufacturer’s standard technical procedures (Illumina,
CA, USA). The process involved RNA sample extraction,
RNA sample purification, cRNA transcription, cDNA
labeling (Cy3-dCTP and Cy5-dCTP) and cDNA hybri-
dized onto the LncRNA Array V4.0 (chip specification:
4x180K, >2 probes for each IncRNA). All the targeted
sequences of IncRNA included in the microarray were
compared and merged from authoritative databases, such
as ENSEMBL, lincRNA catalog, LNCipedia, UCSC,
IncRNAs from IBP, Non-coding RNA Search and so on.
Hierarchical clustering was applied to analyze microarray
sequencing data and differential screening of IncRNAs
expression should conform to the following principles:
the threshold values of differential expressions >2 or <2
fold change, meanwhile, P < 0.05.

Detection of Huaier-Induced Oxidative

Stress

The oxidative stress induced by Huaier was evaluated via
2', 7'-dichlorofluorescein-diacetate (DCFH-DA, Yeasen,
Shanghai, China) and mito-SOX (Thermo Fisher
Scientific, Waltham, MA, USA) fluorescence probes.
Briefly, cells were grown in 96-well plate (2x10% per
well) overnight. Then, the cells were exposed to the appro-
priate concentration of Huaier in the presence or absence
of NAC or mito-TEMPO regents. Next, the cells were
rinsed twice with PBS and coincubated with DCFH-DA
or mito-SOX probes in RPMI-1640 medium for appropri-
ate time (20 min for DCFH-DA, 30 min for mito-SOX).
Finally, the cells were washed three times with prewarmed
serum-free medium and the fluorescence intensity (bright-
green for DCF and bright-red for mito-SOX) was detected
under fluorescence microplate reader.

Detection of Mitochondrial Membrane

Potential

Huaier-induced changes in mitochondrial membrane

potential (MMP) were analyzed via the JC-1 fluorescent
probe (Yeasen, Shanghai, China). When the MMP is nor-
mal (high level), JC-1 accumulates in the mitochondrial
matrix, forming polymers and exhibiting bright-red fluor-
(excitation wavelength/550 emission

€scence nm,
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the MMP
declines, JC-1 cannot accumulate in the mitochondrial

wavelength/600 nm). Conversely, when
matrix, forming monomers and exhibiting bright-green
fluorescence (excitation wavelength/485 nm, emission
wavelength/535 nm). Therefore, the MMP could be eval-
uated by the changes in fluorescent signals. The degree of
mitochondrial depolarization was routinely assessed by the
relative ratio of red to green fluorescence signal intensity.
Briefly, cells pretreated with Huaier were collected and
resuspended in JC-1 working solution (diluted with serum-
free medium). Then, the cells were cultured at 37°C for 20
min and rinsed with 1xbinding buffer. Finally, the cells
were suspended in 4°C precooled binding buffer and the
intensity of the red and green fluorescence signals were
detected by applying fluorescence microplate reader.

Evaluation of Intracellular Glutathione
Level and Intracellular Thioredoxin
Reductase Activity

Glutathione (GSH) is an important free radical scavenger
in cell. When cells undergo oxidative stress, GSH (reduced
state) is oxidized to GSSG (oxidative state). In this study,
intracellular GSH and GSSG levels were detected using
a reduced Glutathione assay kit (Solarbio, Beijing, China).
Briefly, cells pretreated with Huaier were harvested and
lysed with RIPA lysis buffer (Solarbio, Beijing, China).
Then, the cells were further lysed using an ultrasonic
oscillator for 1 min on the ice (ultrasonic power: 40%,
frequency: processing 2 s and pausing 1 s). After that, the
lysed liquid was centrifuged at 12,000 g for 15 min at 4°C
and the supernatant was re-collected to a precooled 1.5 mL
Eppendorf tube. The protein concentration was obtained
by applying the Pierce Rapid Gold BCA Protein Assay kit
(Thermo Scientific, Shanghai, China). Then, the intracel-
lular total GSH and GSSG levels were analyzed using
a microplate reader (wavelength/412 nm). The ratio of
GSH to GSSG was used to evaluate the balance of the
REDOX system.

Thioredoxin reductase (TrxR) is a crucial enzyme
involved in the Trx antioxidant mechanism. In this
research, the TrxR activity was analyzed via a TrxR activ-
ity detection kit (Solarbio, Beijing, China). Briefly, cells
were pretreated with Huaier and the total proteins were
extracted, the specific operation steps are the same as
above. Finally, the TrxR activity was assessed using a 96-
well plate under fluorescence microplate reader according
to the reagent supplies manual.

Western Blotting

After 24 h of Huaier stimulation, cells were rinsed with
precooling PBS and lysed with RIPA lysis buffer pre-
mixed phenylmethylsulfonyl fluoride (PMSF) and protein
phosphatase inhibitor. After that, the mixture was collected
with 1.5 mL Eppendorf tubes and centrifuged for 15 min
(12,000 g, 4°C). Then, the supernatant was collected using
another 1.5 mL precooled Eppendorf tube and the total
protein concentration was measured. Proteins (total mass:
30 pg) were divided with SDS-PAGE (separating gel con-
centration ranging from 10% to 12%, stacking gel is 5%)
and transferred to PVDF membrane (Thermo Scientific,
Shanghai, China) with an aperture of 0.22 pm or 0.45 um.
After blocking with defatted milk (2.5 g milk powder
dissolved in 50 mL TBST, final concentration 5%) at
37°C constant temperature shaker and incubation with
primary antibodies against Bcl-2, Bax, cytochrome c,
cleaved caspase-9, cleaved caspase-3 and GAPDH over-
night at 4°C, the PVDF membranes were washed with
TBST and coincubated with second antibodies at
20-22°C for another 1.5 h. Finally, the PVDF membranes
containing target proteins were photographed using Super
ECL Chemiluminescent Substrate Reagent Kit (Thermo
Scientific, Shanghai, China) under a full-automatic chemi-
luminescence imaging analysis system (Tanon, Shanghai,
China).

In vivo Experiment

The specific pathogen-free (SPF) BALB/c nude mice
(female, aged 5-6 weeks, body weight 18-20 g) were
bought from Beijing Charles River Laboratory Animal
Technology Co. Ltd. In addition, the in vivo experiments
were approved by the Animal Health Care and Use
Committee of Harbin Medical University (Ethics approval
number: SYDW2020-009) and the experimental procedures
complied with the guideline of the Animal Health Care and
Use Committee of Harbin Medical University. Before
experimental operations, all the mice were acclimated to
the new feeding environment for 4-5 days. To confirm the
inhibitory effect of Huaier on CCA growth, CCLP1 cells
(5%10° suspended in 100 pL sterilized PBS) were injected
subcutaneously into the posterior axillary region of nude
mice to establish subcutaneous tumor model. Next, the
tumor volume was monitored and recorded every 3 days.
The specific calculation equation of tumor volume is: V =
0.52 x L x W? (V, volume; L, longest diameter; W, width
diameter perpendicular to The

longest  diameter).
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experimental mice were divided into control group and
therapeutic group (5 for each cohort) when the tumor
volume reached approximately 80-100 mm°. The control
group was administrated with 200 pL of sterile saline by
intragastric administration once a day, the therapeutic group
was administrated with Huaier (3 g/kg dissolved in 200 pL
sterile saline, intragastric administration, once daily).
Changes in tumor volume were recorded continuously
until close monitoring and intervention were performed for
31 days. Then, the mice were sacrificed. The subcutaneous
tumor specimens were resected and divided equally into two
parts: one part was immersed in paraformaldehyde, and the
other part was kept at —80°C for further assays. A lung
metastatic model was applied to determine the effect of
Huaier on CCA metastasis. Ten mice were randomly
assigned to two groups (5 for each cohort); then, 5x10°
luciferase-labeled CCLP1 cells (suspended in 200 pL ster-
ilized PBS) were injected into the nude mice through the
caudal vein. Next, each group was given the same therapeu-
tic interventions as above. After 46 days of therapy, the
fluorescence intensity of nude mice in each group was
detected using an in vivo bioluminescence imaging system
(Bruker Optics, Germany). Next, the mice were euthanized
and the lungs were dissected to compare metastasis between
the two cohorts. In addition, the heart, liver, and kidney
resected from the lung metastatic model were also preserved
and immersed in paraformaldehyde for the next histological
examination. Similarly, the effect of Huaier on body weight
and survival time in nude mice was preliminarily assessed
through lung metastatic model (6 nude mice per group).
Body weight and survival were recorded and plotted until
the end of the research.

Histology and Immunohistochemistry

The subcutaneous tumor specimens, lung, heart, liver
and kidney obtained from the animal model were pre-
served in paraformaldehyde. Then, these tissues were
embedded in paraffin and sliced (4-5 pm) for immuno-
histochemical staining with proliferation-related antibo-
dies (Ki-67 and PCNA) and EMT-related antibody
(E-cadherin). The paraffin-embedded lungs and other
vital organs were subjected to hematoxylin and eosin
(H&E) staining to evaluate the effect of Huaier on
tumor metastasis and determine the drug safety. The
expression level of each target protein was calculated
by the percentage of positive staining cells in 10 random
microscope high power fields (x200).

Statistical Analysis

All the statistical analyses between the control group
and Huaier treatment group were conducted via
GraphPad Prism 8.02 software and IBM SPSS 25.0
statistical software. Quantitative data of the experiment
are represented as the mean + standard deviation (S.D.).
The statistically significant differences between the dif-
ferent groups were verified using nonparametric statis-
tics. When P < 0.05, the results were defined as
The Kaplan—Meier
curves of the mice in lung metastatic model were

statistically significant. survival

assessed using Log rank test.

Results

Huaier Suppresses the Potential of
Proliferation of CCLPI, REB and
HuCCT1 Cells in vitro

After stimulation with different concentration gradients of
Huaier, ranging from 0 mg/mL to 6 mg/mL for 24 h or 48
h, the inhibition of Huaier on the viability of CCA cells
was assessed by CCK-8 assays. Experimental results in
Figure 1A and B showed that Huaier suppressed the cell
viability, and this effect was concentration and time depen-
dent. In addition, inhibition of cell proliferation was
further validated by colony formation experiments. As
shown in Figure 1C and D, the potential of colony forma-
tion in CCLP1 and REB cells was significantly inhibited,
this
conclusion.

experimental result further verified the above

Huaier Inhibits Migration and Invasion of
CCLPI and REB Cells in vitro

The remodeling efficiency of Huaier on cellular motility
was quantified by wound healing and Tranwell assays. As
shown in Figure 1E and F, pre-stimulation with Huaier
could dramatically reduce the wound closure rate in
CCLP1 and REB cells. Additionally, the Transwell results
indicated that pre-stimulating cells with Huaier could
observably inhibit the migration and invasion potential of
CCA cells (Figure 1G and H).

Microarray Array Explores Differentially
Expressed IncRNAs Between Control

Group and Huaier Treatment Group
The results of high-throughput sequencing showed that
among the 40,916 IncRNAs present in the current
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Figure | Huaier inhibits the proliferation, migration and invasion of cholangiocarcinoma (CCA) cells in vitro. (A and B) Cell viability curves of CCLPI, RBE and HUCCTI
cells after Huaier treatment for 24 h or 48 h were detected by CCK-8 assays. *P < 0.05, **P < 0.0 versus CTL. CTL, control. (C and D) Colony-forming abilities of CCLPI
and RBE cells after exposure to Huaier were evaluated by plate clonality assays (2 weeks of incubation). *P < 0.05, **P < 0.01 versus CTL. CTL, control. (E and F) Wound
healing assays were applied to assess the effect of Huaier on mobility of CCLPI and RBE cells. **P < 0.01. (G and H) Effect of Huaier on the migration and invasive capacities
of CCLPI and RBE cells were measured using Transwell assays. *P < 0.05, **P < 0.01 versus CTL. CTL, control. Magnification, x 40 (E and F), x 200 (G and H). Scale bar,
500 pum (E and F), 100 pm (G and H). Data are shown as mean * SD of at least three independent experiments.

Abbreviations: SD, standard deviation; CCA, cholangiocarcinoma; CCK-8, cell counting kit-8.

microarrays, there were 227 differentially expressed
IncRNAs between the control group cells and the Huaier
treatment group cells (based on log fold change >2.0, P <
0.05). Additionally, among these differentially expressed
IncRNAs, 159 were uniformly up-regulated and 68 were
uniformly down-regulated. The 50 most differentially
expressed IncRNAs (25 most up-regulated, 25 most down-
regulated) are shown in Figure 2A by Hierarchical

clustering analysis. Moreover, IncRNA TP73-AS1 with
the greatest fold change was further investigated. PCR
results further confirmed that TP73-AS1 was down-
regulated by Huaier (2.25 mg/mL) compared with the
control group. Instead, using plasmids to overexpress
TP73-AS1 before Huaier treatment could make the TP73-
AS1 expression level free from the interference of Huaier
(Figure 2B and C).
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Figure 2 Huaier down-regulates the expression of IncRNA TP73-AS | in CCA
cells. (A) Heat map and hierarchical clustering dendrogram of tumor-associated
noncoding RNAs in CCLPI cells pretreated with or without Huaier extract. The
red color-blocks mean high expression and the green color-blocks mean low
expression. (B) RT-qPCR analysis of TP73-ASI| expression in CCLPI cells after
Huaier treatment and TP73-AS| overexpression. **P < 0.01. (C) RT-qPCR analysis
of TP73-AS| expression in CCLPI cells after TP73-AS| overexpression. **P < 0.01
versus empty vector control group. (D) Effect of TP73-AS| overexpression on
viability of Huaier-treated CCLP| cells was evaluated by CCK-8 assays. **P < 0.01.
(E) Effect of TP73-AS| overexpression on proliferation abilities of Huaier-treated
CCLPI cells was detected by colony-forming tests (2 weeks of incubation). **P <
0.01. CTL, empty vector control. (F) Effect of TP73-AS| overexpression on mobi-
lity of Huaier-treated CCLP| cells was assessed by wound healing assays. **P < 0.01.
(G) Transwell assays were performed to monitor the effect of TP73-AS| over-
expression on the migration and invasion abilities of Huaier-treated CCLPI cells.
**P < 0.01. Magnification, x 40 (F), x 200 (G). Scale bar, 500 um (F), 100 um (G).
Mean * SD of three independent experiments is shown.

Abbreviations: SD, standard deviation; CCA, cholangiocarcinoma; CCK-8, cell
counting kit-8.

Huaier Inhibits the Malignant Biological
Behaviors of CCLP| by Down-Regulating
TP73-AS|

In order to illuminate that Huaier inhibited tumor cell
proliferation and metastasis by down-regulating RNA,
CCK-8, colony formation, wound healing and Transwell
assays were performed. As shown in Figure 2D and E,
Huaier attenuated the viability of CCLP1 cells compared
with the control group, instead overexpressed TP73-AS1
protected cells from the cytotoxic effects of Huaier. In
wound healing and Transwell assays, the potential of
migration and invasion of CCLP1 cells was suppressed
by Huaier, but reversed by TP73-AS1 overexpression
(Figure 2F and G). All of the above findings suggested
that Huaier might play an antitumor effect through regu-
lating IncRNA TP73-AS1 in CCA.

Knockdown of TP73-AS| Attenuates the
Malignant Biological Behaviors of CCA Cells

In a previous study, we had confirmed that TP73-AS1 was
present at higher levels in CCA cells relative to human
intrahepatic biliary epithelial cells (HIBEC); meanwhile,
the oncogenic properties of TP73-AS1 were revealed in
QB(C939 and Huh-28 cells.”” In our present research, the
function of TP73-AS1 was further explored in CCLP1
cells. The results indicated that transfection with TP73-
AS1 siRNA resulted in a significantly restrained CCLP1
cell viability and proliferation ability (Figure S1A-1C).
Furthermore, the cellular motility and apoptosis were mon-
itored. As shown in Figure S1ID-1E, knockdown of TP73-
AS1 suppressed the migration and invasion capabilities of
CCLP1 cells. In addition, the apoptosis rate increased
significantly after TP73-AS1 silencing in CCLP1 cells as
shown in Figure S1F-1G. The results are consistent with
our previous study, indicating that TP73-AS1 also plays an
oncogenic function in CCLP1 cells.

Huaier Induces Oxidative Stress and
Damages the Mitochondrial Membrane
Potential in CCLP| and RBE Cells

In this research, the cellular morphological changes after
Huaier stimulation (2.25 mg/mL and 3.75 mg/mL for
CCLP1, 3.0 mg/mL and 4.5 mg/mL for RBE) were
observed. As shown in Figure 3A, Huaier caused signifi-
cant changes in cell morphology, mainly including the
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Figure 3 Huaier causes morphological change, induces oxidative stress, and unbalances the oxidation-reduction system in CCA cells. (A) The cellular morphological
changes of CCLP| and RBE cells caused by Huaier were analyzed by applying image analysis. (B and C) Effect of Huaier on oxidative stress levels in CCLP| and RBE cells was
initially detected by DCFH-DA fluorescent probe under inverted fluorescence microscope and microplate reader. *P < 0.05, **P < 0.01 versus CTL. *P < 0.01 versus Huaier
(3.75 mg/mL for CCLPI) at 3 h or Huaier (4.5 mg/mL for RBE) at 2 h. CTL, control. (D and E) Effect of Huaier on oxidative stress levels in CCLP| and RBE cells was further
assessed by mito-SOX fluorescent probe under inverted fluorescence microscope and microplate reader. *P < 0.01 versus CTL. *P < 0.01 versus Huaier (2.25 mg/mL for
CCLPI or 3.0 mg/mL for RBE) single treatment groups. CTL, control. (F) JC-1 probe was performed to evaluate the effect of Huaier on MMP in CCLP| and RBE cells. *P <
0.01 versus CTL. *P < 0.01 versus Huaier (2.25 mg/mL for CCLP| or 3.0 mg/mL for RBE) single treatment groups. CTL, control. (G—I) The GSSG/GSH quantification kit
was applied to assess the effect of Huaier on intracellular GSH, GSSG levels and the ratio of GSH to GSSG in CCLPI and RBE cells. *P < 0.05, **P < 0.0l versus CTL. CTL,
control. (J) The thioredoxin reductase assay kit was used to detect the effect of Huaier on intracellular TrxR activity. *P < 0.05, **P < 0.01 versus CTL. CTL, control.
Magnification, X100 (A), X 200 (B and D). Scale bar, 200 um (A), 100 um (B and D). Mean % SD of three independent experiments is shown.

Abbreviations: SD, standard deviation; CCA, cholangiocarcinoma; DCFH-DA, 2’, 7'-dichlorofluorescein-diacetate; NAC, N-acetylcysteine; GSH, glutathione; GSSG,
oxidized glutathione; TrxR, thioredoxin reductase.
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decrease in cell adhesion potential and loss of normal cell
morphology. In contrast, pre-stimulation with ROS sca-
venger (NAC 3 mM) for 2 h could rescue cells from
Huaier’s cytotoxicity.

Previous experiments had found that NAC protected
cells from Huaier cytotoxic effects. In addition, Huaier
has been shown to induce oxidative stress in human
osteosarcoma and hepatocellular carcinoma. So, oxida-
tive stress in CCLP1 and RBE cells after Huaier stimula-
tion was initially detected using DCFH-DA probe. As
shown in Figure 3B, the fluorescence intensity of DCF
(bright green) was enhanced by Huaier. The fluorescence
signal intensity of DCF was up-regulated as early as
1 h of Huaier stimulation (3.75 mg/mL for CCLP1
cells, 4.5 mg/mL for RBE cells), and actually peaked at
2 h (CCLP1 cells) and 3 h (RBE cells) respectively; then,
gradually return to the initial level (Figure 3C). Instead,
pretreatment with NAC could reverse Huaier-induced
oxidative stress. In addition, the oxidative stress in
CCA cells induced by Huaier was further verified by
mitochondrion-specific small-molecule fluorescent probe
(mito-SOX). Fluorescence detection results showed that
the fluorescence signal intensity of mito-SOX (bright red)
was up-regulated by Huaier (3.75 mg/mL for CCLPI
cells, 4.5 mg/mL for RBE). Additionally, it could be
relieved by mito-TEMPO, a kind of mitochondrion-
targeted antioxidant (Figure 3D and E).

Studies have shown that oxidative stress is closely
related to the decrease of mitochondrial membrane poten-
tial. In this study, the MMP changes after Huaier stimula-
tion were detected. As shown in Figure 3F, Huaier
treatment significantly increased the number of polarized
cells, and this process could be reversed by NAC. Similar
results were observed in CCK-8 assay, indicating that the
cytotoxicity of Huaier was indeed mediated by oxidative

stress (Figure S2A).

Huaier Exhausts Intracellular GSH and
Reduces TrxR Activity in CCLP| and RBE
Cells

In order to further clarify the presence of intracellular
oxidative stress caused by Huaier, biochemical indica-
tors in the REDOX system were detected. After expo-
sure to Huaier (2.25 mg/mL and 3.75 mg/mL for
CCLP1, 3.0 mg/mL and 4.5 mg/mL for RBE), the intra-
cellular

GSH concentration significantly decreased,

whereas the GSSG concentration increased (Figure 3G

and H). The decrease in the ratio of GSH to GSSG
further confirmed the influence of Huaier on the
REDOX system (Figure 3I). As shown in Figure 3J,
the TrxR activity was attenuated by Huaier (2.25 mg/
mL and 3.75 mg/mL for CCLP1 cells, 3.0 mg/mL and
4.5 mg/mL for RBE cells), when compared with the
control group.

Huaier Induces Apoptosis in CCLPI and
RBE Cells

Due to Huaier could induce oxidative stress in CCA cells,
its effect on apoptosis was initially assessed by AO/EB
and Hoechst 33342 assays. The AO/EB results showed
that the apoptosis rate was significantly increased after
exposure to Huaier compared to the control group
(Figure 4A). In contrast, pretreatment with NAC could
reduce the cytotoxicity induced by Huaier (Figure 4A).
In addition, similar results were obtained in the Hoechst
33342 assays; Huaier could induce changes in nuclear
morphology and staining, indicating an increase in apop-
tosis (Figure 4B). Flow cytometry (Annexin V-FITC and
PI double staining) was used for further confirming the
Huaier-induced apoptosis. Experimental results suggested
that Huaier could induce apoptosis in CCLP1 and RBE
cells in a concentration-dependent manner (Figure 4C).
However, NAC pretreatment could alleviate this proce-
dure, suggesting that the Huaier-induced apoptosis was
primarily mediated by oxidative stress.

Huaier Modulates the Expression of
Proteins Involved in the Mitochondrial
Apoptotic Pathway

In view of Huaier could induce oxidative stress and mito-
chondrial membrane potential destruction in CCA cells,
the expression of key proteins associated with mitochon-
drial apoptotic pathway was assessed by immunoblotting
assays (Figure 5A and B). The results confirmed that
Huaier up-regulated Bax expression (Figure 5C and D),
meanwhile down-regulated Bcl-2 expression (Figure S5E
and F). As shown in Figure 5G and H, changes in the
expression ratio of Bax to Bcl-2 resulted in the increase of
mitochondrial membrane permeability, which led to the
release of cytochrome c¢ from the mitochondria into the
cytoplasm. Since caspase-9 and caspase-3 are downstream
executors of the mitochondrial apoptotic pathway, their
activation status (cleaved caspase) was evaluated. After
exposed to Huaier, the expression of cleaved caspase-9

submit your manuscript

7828

Dove

OncoTargets and Therapy 2020:13


https://www.dovepress.com/get_supplementary_file.php?f=257738.doc
http://www.dovepress.com
http://www.dovepress.com

Dove

Jietal

A CCLP1
CTL 2.25 mg/ml 3.75 mg/ml 2.25 mg/ml+NAC ceLPt
4 = -
% 30
‘-E 104 -
<
- CTL 225 3.752.25+NAC
) Huaier concentration(mg/ml)
RBE

CTL 3.0 mg/ml 4.5 mg/ml 3.0 mg/mlI+NAC

@
3
T

Apoptosis rate (%)
° 2 8
; ? ?
|
o
m
¥

CTL 3.0

4.5 3.0+NAC

Huaier concentration(mg/ml)

B CCLP1
CTL 2.25 mg/ml 3.75 mg/ml 2.25 mg/ml+NAC ceLp
40
?30 T
% 20
;:10 "
<
o CTL 225 3.752.25+NAC
“RBE Huaier concentration(mg/ml)
3.0 mg/mi 4.5 mg/ml 3.0 mg/mI+NAC RBE
30 -
F .
<
0
CTL 3.0 4.5 3.0+NAC

Huaier concentration(mg/ml)

CTL 2.25 mg/ml 3.75 mg/ml 2.25 mg/mI+NAC
@ iat 1 { @ ccLPt
3| a0
1 Y -
i (<}
- §%
‘ %t
o i
| 2o
I o < CTL 225 3.752.25¢NAC
- L. Huaier concentration(mg/mi)
o CTL 3.0 mg/ml 4.5 mg/ml 3.0 mg/mI+NAC
<{Q1 @ Q2 at -] RBE
a0
3
é 30 il
g % 2 -
o 210
g
2o
@ ! @@ < CTL 3.0 45 3.0+NAC
AR - RN - "4 - ’ o T 1 ""‘"“'—1—"‘7;, T g Huaier concentration(mg/ml)

Annexin-V

Figure 4 Huaier induces apoptosis in CCLP| and RBE cells in vitro. (A) The AO/EB double-staining assays were used to test Huaier-induced apoptosis in CCLP| and RBE
cells. P < 0.01 versus CTL. *P < 0.01 versus Huaier (2.25 mg/mL for CCLP| or 3.0 mg/mL for RBE) single treatment groups. CTL, control. (B) Huaier-induced apoptosis in
CCLPI and RBE cells was detected using Hoechst 33342 staining assays. **P < 0.01 versus CTL. *P < 0.0 versus Huaier (2.25 mg/mL for CCLP| or 3.0 mg/mL for RBE)
single treatment groups. CTL, control. (C) Huaier-induced apoptosis in CCLP| and RBE cells were analyzed using flow cytometry (Annexin V-FITC/PI double staining).
Annexin V-FITC (-) and PI (-) cells were classified as alive, Annexin V-FITC (+) but PI (-) cells were classified as early apoptosis, Annexin V-FITC (+) and PI (+) cells were
defined as late apoptosis. Annexin V-FITC (-) and PI (+) cells were defined as necrosis. The total rate of apoptosis was the sum of early apoptosis and late apoptosis. **P <
0.01 versus CTL. P < 0.01 versus Huaier (2.25 mg/mL for CCLP| or 3.0 mg/mL for RBE) single treatment groups. CTL, control. Magnification, x 200 (A and B). Scale bar,

100 um (A and B). Data are shown as mean * SD of at least three independent experiments.
Abbreviations: SD, standard deviation; AO/EB, acridine orange/ethidium bromide.
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Figure 5 Effect of Huaier on the expression levels of proteins in the mitochondrial apoptotic pathway. (A and B) Huaier modulated apoptosis-related proteins in CCLP|
and RBE cells in a concentration-dependent manner. Quantitative statistics of immunoblotting analysis for Bax levels (C and D), Bcl-2 levels (E and F), cytochrome c levels
(G and H), cleaved caspase-9 levels (I and J) and cleaved caspase-3 levels (K and L), *P < 0.05, **P < 0.01 versus CTL. CTL, control. Data are shown as mean * SD of at least

three independent experiments.
Abbreviations: SD, standard deviation; Cyto ¢, cytochrome c.

and cleaved caspase-3 was up-regulated, as shown in
Figure 5I-L. Moreover, pretreating CCLP1 cells with
z-VAD-fmk (100 uM), a pancaspase inhibitor, could elim-
inate the toxicity of Huaier (Figure S2B). The above
results confirmed that Huaier-induced apoptosis was
indeed mediated by activating the caspase cascade reaction

(Figure S2C).

Huaier Inhibits the Growth of CCA in vivo
In the current research, a nude mouse subcutancous tumor
model was performed to verify the effect of Huaier on tumor
growth. The specific experimental groups and intervention
strategies are listed in Figure 6A and B. The results indicated
that Huaier significantly decreased subcutaneous tumor
growth rate compared with the control group (Figure 6C).
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Figure 6 Huaier suppresses the growth of CCA in vivo. (A) The detailed grouping strategies and therapeutic schedules of subcutaneous tumor model. (B) Xenograft
tumors were established by subcutaneous injection of CCLPI cells (n=5). (C) Curves of subcutaneous tumor volume in nude mice. **P < 0.0l versus CTL. CTL, control.
(D and E) The final quantitative statistics of tumor volume and tumor weight at the end of treatment. **P < 0.0 versus CTL. CTL, control. (F) Ki-67, PCNA and E-cadherin
staining and quantitative statistics of the subcutaneous tumor specimens were exhibited. *P < 0.05, **P < 0.01 versus CTL. CTL, control. (G) EMT-related proteins
expression levels in subcutaneous tumor specimens were evaluated and quantified by Western blotting assays. **P < 0.01 versus CTL. CTL, control. Magnification, x 200 (F).

Scale bar, 100 um (F). Mean % SD of three independent experiments is shown.
Abbreviations: SD, standard deviation; CCA, cholangiocarcinoma.

In addition, the tumor size and tumor weight in the medica-
tion group were also lower than these in the control group at
the end of treatment (Figure 6D and E). The IHC assay
showed that the expression of proliferation-related proteins
(Ki-67 and PCNA) were lower, while the EMT-related pro-
tein (E-cadherin) was higher in the subcutaneous tumor
specimens of Huaier therapy group compared with these of
the control group (Figure 6F). In addition, the EMT-related
proteins in tumor tissues were further evaluated by immuno-
blotting assays. Experimental results confirmed that the
expression levels of Snail, N-cadherin and Vimentin were

lower in the Huaier treatment group compared with these of
the control group (Figure 6G). On the contrary, the expres-
sion level of N-cadherin was higher as same as that of IHC
assay (Figure 6G).

Huaier Suppresses the Metastasis of CCA
and Prolongs the Survival in Nude Mice
with Acceptable Drug Safety

In this study, lung metastatic tumor model was applied to
explore the effect of Huaier on metastasis of CCA. The
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mice between the treatment groups (n=6). *P < 0.05 versus CTL. CTL, control. Magnification, X 100 (C and D). Scale bar, 200 um (C and D). Data are shown as mean *+ SD

of at least three independent experiments.
Abbreviations: SD, standard deviation; CCA, cholangiocarcinoma.

specific grouping strategies and treatment methods were
exhibited in Figure 7A. The inhibitory effect of Huaier on
tumor metastasis was detected by the in vivo biolumines-
cence imaging system. The data showed that the lung bio-
luminescence signal intensity of nude mice in the Huaier

treatment group was significantly lower than that in the
control group (Figure 7B). In addition, H&E staining of
lung tissues further confirmed the above experimental
results. The number of pulmonary metastatic nodules in
the Huaier treatment group was fewer than that in the control
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group (Figure 7C). The normal alveolar structure was more
fully preserved in the Huaier treatment group compared with
the control group (Figure 7C). The above experiments indi-
cate that Huaier significantly inhibited tumor metastasis.

This study also provided a preliminary assessment of
Huaier drug safety in vivo trials. The heart, kidney and
liver obtained from the lung metastatic tumor model were
examined using H&E staining assay. There was no sig-
nificant difference in the intrinsic structure of these organs
between the control group and the Huaier treatment group,
suggesting that the drug safety of Huaier was acceptable
in vivo (Figure 7D).

In order to further demonstrate the antitumor effect of
Huaier in CCA, survival and quality of life in nude mice
were evaluated via the lung metastatic tumor model. Body
weight analysis showed that there was no significant
weight change in the Huaier-treated group compared to
the control group (Figure 7E). In addition, the survival
time of mice in the Huaier treatment group was signifi-
cantly longer than that of the control group (Figure 7F).

Discussions

Malignant tumor is one of the leading causes of human
death on the world scale.”® Although CCA accounts for
only 2% of all malignancies, it ranks second among hepa-
tic malignancies.”® At present, in addition to surgical exci-
sion, chemotherapy is another important method to treat
CCA, which could prolong survival and improve prog-
nosis for CCA patients.° Despite some chemotherapeutic
drugs have been confirmed to play antitumor effects in
CCA, they are still toxic to normal cells.>'~** Severe side
effects of agent will lead to the interruption of chemother-
apy and thus attenuate the chemotherapeutic efficacy.**~*
Therefore, seeking new low toxicity chemotherapy agents
and therapeutic targets are urgent to improve the prognosis
of CCA patients.

In recent years, traditional Chinese medicine (TCM)
has gained extensive attention from researchers.*>~ More
and more investigations suggested that TCM has great
potential in the prevention and therapy of
malignancies.’”*® Huaier granule is the aqueous product
of Huaier extract, which is approved by the National
Medical Products Administration (NMPA) to be applied
alone or combined with other chemotherapeutic agents in
the treatment of malignant tumors.”® In addition, recent
pharmacological studies have revealed that the main active
constituent of Huaier extract is polysaccharide protein

(PS-T), including 6 monosaccharides and 18 amino

acids. The specific content is 41.5% polysaccharides,
12.93% amino acids and 8.72% water, and the relative
molecular weight is 30,000.*> Meanwhile, other studies
suggested that a neutral water-soluble polysaccharide
(W-NTRP), which is isolated from the fruit bodies of
Huaier and confirmed to be an arabinogalactan mainly
consisting of galactose and arabinose, could inhibit the
proliferation of CCA cells in a concentration-dependent
manner.*’ Similar studies have been done in hepatocellular
carcinoma, Huaier polysaccharide (HP), which consists of
56.2% carbohydrates, 19.2% proteins and 23.4% uronic
acid, could suppress tumor metastasis.*' Studies also indi-
cated that some bioactive components of Huaier during
extraction with water might be lost; By refining the extrac-
tion process and using different extraction solvents,
researchers found that flavonoids, which make up 51.4%
of the Huaier n-butanol extract, could play a role in inhi-
biting the proliferation and metastasis of gastric cancer
cells.*? Although there have been many studies on the
bioactive components of Huaier, the basic research and
clinical application on its anticancer effects are mainly
based on the aqueous product of Huaier extract. With the
in-depth study of Chinese medicine components and phar-
macology, the antitumor and immune conditioning effects
of Huaier have been gradually revealed.’® In studies of
breast cancer, hepatocellular carcinoma and renal cancer,
Huaier could inhibit cell proliferation, induce cell cycle
arrest and apoptosis, enhance immunocyte function and
suppress metastasis.*>*> Cumulative studies showed that
Huaier could exert antitumor effects through modulating
multiple classical signaling pathways and molecular tar-
gets, such as pAKT/mTOR/S6, ER/NF-kB, Wnt/B-catenin
and GSK3p/B-catenin pathways.38 Furthermore, few stu-
dies have reported that Huaier could inhibit the malignant
biological behavior of tumors by regulating non-coding
RNAs, including IncRNA-H19 and 1inc00339.2*¢ Until
now, the underlying molecular mechanisms have not been
completely revealed, especially in CCA. In our current
study, we investigated the effects of Huaier on the malig-
nant biological behaviors of CCA and explored IncRNAs
associated with proliferation, migration, and invasion
using microarray technology. In the present study, Huaier
was shown to be effective in inhibiting the ability of
migration and invasion of CCA cells. This is closely
related to Huaier’s potential to suppress the EMT process,
which was revealed in the nude mice subcutaneous tumor
model. In addition, CCK-8 and colony formation assays
showed that Huaier could down-regulate cell viability and
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cause cell damage, which might also have a close relation-
ship with the decreased ability of tumor cell migration and
invasion. However, at present, the correlation between cell
viability and cell migration or invasion is not completely
clear, further studies are needed to explore it in the future.

LncRNAs are a series of RNAs that are longer than
200 nucleotides and do not encode proteins.*’” Because of
the important regulatory functions, IncRNAs are involved
in many biological processes and pathways, and are clo-
sely related to the occurrence and development of various
diseases.*” In this research, IncRNAs associated with
Huaier’s antitumor effects in CCA were initially explored
through microarray analysis. After 24 h of exposure to
Huaier, the expression level of IncRNA TP73-AS1 was
dramatically reduced. In this study, the oncogenic effect
of TP73-AS1 in CCA was confirmed again, which was
consistent with our previous experimental results.”’ In
addition, overexpressed TP73-AS1 could alleviate the
inhibitory effects of Huaier on cell proliferation, migration
and invasion, suggesting that the antitumor effect of
Huaier in CCA might be mediated by modulating TP73-
ASI expression. Additionally, the more detailed mechan-
ism between TP73-AS1 and malignant biological behavior
regulated by Huaier needed to be further revealed in future
studies.

Recent studies have indicated that appropriate oxidative
stress is crucial for tumor cells to maintain essential prolifera-
tion and differentiation.*® At the same time, some reports
have also suggested that this trait could be applied in tumor
therapy, persistently higher oxidative stress level could
damage tumor cells, thus promoting apoptosis through intrin-
sic apoptotic pathways.*’ In our present research, the oxida-
tive stress level of CCA cells was up-regulated by Huaier
treatment. In addition, the MMP was disturbed while the
apoptosis rate was enhanced after exposure to Huaier.
Mitochondria play an on-off role in intrinsic apoptotic path-
ways, starting with a decrease in mitochondrial membrane
potential.*® Next, apoptosis was achieved by remodeling the
Bcl-2 family proteins, releasing cytochrome ¢ and activating
the caspase cascade reaction. To further confirm the effect of
Huaier on apoptosis, the expression of proteins involved in
mitochondrial apoptotic pathway, including Bcl-2, Bax, cyto-
chrome c, cl.caspase-9 and cl.caspase-3, was analyzed using
immunoblotting tests. The results showed that Huaier down-
regulated the expression of anti-apoptotic Bcl-2 and up-
regulated the expression of pro-apoptotic Bax. Moreover,
the expression changes of Bcl-2 and Bax promoted the mito-
chondrial permeability transition, which released cytochrome

¢ from mitochondria to cytoplasm and activated caspase-9
and caspase-3. The above experimental data confirmed that
Huaier induced apoptosis through mitochondrial apoptotic
pathway in CCA cells.

The REDOX system plays an important role in com-
bating oxidative damage.’' In the present study, two key
biochemical indicators of REDOX balance were detected,
including GSH and TrxR. Data showed that the intracel-
lular GSH level and TrxR activity were down-regulated by
Huaier, further validating the previous conclusions.

In addition, the antitumor effect of Huaier has also been
demonstrated in vivo experiments. In subcutaneous tumor
model and lung metastatic tumor model, Huaier effectively
inhibited tumor growth and metastasis by regulating the
expression of various proteins, such as proliferation-related
proteins Ki-67 and PCNA, and metastasis-associated proteins
Snail, E-cadherin, N-cadherin and Vimentin. Adverse reac-
tions of traditional chemotherapy drugs remain a challenge in
the chemotherapy of CCA. In our present research, the drug
safety of Huaier was monitoring in vivo. The results indi-
cated that Huaier significantly prolonged the survival of nude
mice without causing severe weight loss and organ damage.
These studies suggested that Huaier might be used as a novel
agent for the CCA chemotherapy. Additionally, there are still
some insufficiencies in the current research. In this study, we
confirmed that Huaier could effectively inhibit the malignant
biological properties of CCA with lower side effects in vivo.
Therefore, we wondered if it is possible to reduce the dose of
traditional chemotherapy drugs and combined with Huaier,
thereby obtaining better efficacy with less adverse reactions.
This will play an important role in improving the current
chemotherapy situation of CCA, which is the goal of our
future research.

Conclusions

To sum up, our current research confirmed that Huaier could
inhibit cell proliferation, invasion and metastasis by modu-
lating TP73-AS1 expression, meanwhile promote apoptosis
of CCA cells through disturbing mitochondrial function,
inducing oxidative stress and activating caspases in vitro.
In addition, Huaier could suppress tumor growth and metas-
tasis by regulating the expression of proliferation and EMT-
related proteins. In the meantime, Huaier prolonged the
survival of nude mice in lung metastatic model with accep-
table drug safety. Nevertheless, further investigations are
needed to explore the more detailed mechanism between
Huaier and IncRNAs. Our research lays the foundation for
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the development of Huaier as a novel chemotherapeutic
agent to improve the prognosis of CCA.

Highlights
1. Huaier inhibited the proliferation, migration and inva-
sion of CCA cells by down-regulating TP73-AS1.

2. Huaier induced apoptosis of CCA cells through mito-
chondrial apoptotic pathway.

3. Huaier suppressed the growth and metastasis of CCA
by modulating the expression of proliferation and EMT-
associated proteins.
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