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Abstract

Prostate cancer is an epithelial malignant tumor occurring in the prostate and is the most common malignant tumor in the
male genitourinary system. In recent years, the incidence of prostate cancer in China has shown a trend of sudden increase.
The search for new and effective drugs to treat prostate cancer is therefore extremely important.The canonical Wnt/p-catenin
signaling pathway has been shown to be involved in the regulation of tumor proliferation, migration and differentiation.
Activation of the canonical Wnt/p-Catenin signaling pathway in the prostate has oncogenic effects. Drugs targeting the
canonical Wnt/B-catenin signaling pathway have great potential in the treatment of prostate cancer. In this study, we found
that Gastrodin could significantly inhibit the proliferation of prostate cancer cell line PC3 and DU145. Oral administration
Gastrodin could significantly inhibit the tumor growth of PC3 cells subcutaneously injected. Gastrodin has an inhibitory
effect on canonical Wnt/p-Catenin signaling pathway in Prostate cancer, and this inhibitory effect can be abolished by Wnt/f-
Catenin agonist LiCl. These findings raise the possibility that Gastrodin can be used in the treatment of Prostate cancer by

targeting canonical Wnt/B-Catenin signaling pathway.
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Introduction

Prostate cancer (PCa) is the second most frequent cancer and
the fifth-leading cause of cancer-related death in men [1].
Prostate cancer is one of the most common cancers in the
United States and Japan and is the leading cause of cancer-
related deaths [2, 3]. In China, prostate cancer has also been
increasing dramatically at a rate of 10% per year in recent
years, especially as China is entering an aging society, and
a peak incidence is likely to occur in the next decade. Most
patients are already in the middle or late stages of prostate
cancer when diagnosed [4—6]. Although the survival time
of patients is greatly prolonged with continuous advances in
diagnosis and treatment, the 5-year overall survival rate of
some highly malignant patients remains low [7, 8].

Many advanced prostate cancers initially respond to
androgen ablative therapy, but later develop an aggressive
androgen non-dependent phenotype that is resistant to con-
ventional therapy and metastasizes to lymph nodes and bone
[9-11]. The multidrug resistance exhibited by prostate can-
cer has been the main cause of tumor recurrence, metasta-
sis, and even treatment failure, which is the most common
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and difficult problem to overcome in clinical prostate cancer
treatment [12—14]. The efficacy of current chemotherapeutic
drugs against prostate cancer is not very satisfactory and
searches for active ingredients from natural substances are
an important development strategy for the development of
anti-prostate cancer drugs. Therefore, the search for effective
herbal or bioactive ingredients for the treatment of Prostate
cancer has become a new trend [15]. As the use of herbal
medicine becomes more widespread, increasing interests
have switched to the natural components from herbs.
Gastrodin (4-hydroxybenzyl alcohol-4-o0-p-D-
glucoside), its molecular weight is 286.28 (Fig. 1A).
Gastrodin is a traditional ingredient in Chinese medicine,
which has been shown to have the functions of anti-inflam-
mation, anti-oxidation, anti-apoptosis, anti-central nerv-
ous aging [16-22]. In tumors, gastrodin has the potential
to alleviate tumorigenesis through a GTP-Ras-dependent
pathway [23]. It can represses transplanted H22 hepatic

ascitic tumor cell growth by stimulating anticancer
immune response [24]. But whether gastrodin regulates
the development of Prostate Cancer is unclear. Basing on
the anti-tumor activity of gastrodin, we chose to study its
function in Prostate Cancer.

In this study, we will investigate the effect of Gastrodin
on prostate cancer by observing the effect of Gastrodin on
the proliferation of PC3 cells and DU145 cells in vivo and
in vitro. Finally, we found that Gastrodin could inhibit the
proliferation of PC3 and DU145 cells and the expression
of proliferation-related molecules in vitro. Furthermore,
Gastrodin could inhibit the growth of PC3 cell xenografts.
Mechanically, gastrodin inhibits canonical Wnt/p-catenin
signaling pathway so that inhibits prostate cancer cell pro-
liferation. In conclusion, gastrodin exhibited anti-tumor
effect on prostate cancer cells, suggesting its potential as
a new therapeutic medicine for prostate cancer treatment.
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Fig. 1 Gastrodin inhibits the activity of Prostate cancer cells. A
Chemical structures of Gastrodin. B CCKS8 assay results of PC3 cell
treated with Gastrodin (0, 1, 2, 4, 6 mM) for 24 h, 48 h, and 72 h. C
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CCKS8 assay results of DU145 cell treated with Gastrodin (0, 1, 2, 4,
6 mM) for 24 h, 48 h, and 72 h. **, p<0.01; *, p<0.05. n.s., no sig-
nificant difference
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Material and methods
Animal model

Sixteen six-week-old male Balb/c nude mice, weighted
20-23.5 g, were purchased from Beijing Vital River Lab-
oratory Animal Technology Co., Ltd. (Beijiing, China)
and treated in accordance with the Guide for the Care and
Use of Laboratory Animals. Mice used in this study were
sourced from the SPF animal room and maintained in a
temperature-controlled room (24 °C+2 °C) with a 12-h
light/dark cycle and 40-70% humidity, and had ad libi-
tum access to food and water. PC3 cells were collected
by trypsin digestion and resuspended in PBS. Briefly, the
animals were anesthetized by inhaling 2.0% isoflurane and
oxygen/nitrous oxide mixed gas. After anesthesia, the mice
were grasped and fixed with the left hand, the syringe was
pierced parallel to the axilla of the mice, and 200 pl of
injection solution was injected (5 x 10° cells per mice, 8
mice per group). Slowly rotate and pull out the syringe,
put the mice back into the cage for further feeding, observe
the status of the mice and the appearance of tumors in the
axilla every 2 or 3 days. When the tumor volume reached
100mm?, Gastrodin (50 mg/kg) was given to the mice by
gavage everyday. According to the tumor size, the mice
were euthanized by inhaling excessive isoflurane, tumors
were collected, weighed and photographed. At the time of
sacrifice, the tumor volume was no more than 2000mm?,
the tumor weight was no more than 10% of the animal’s
original body weight, and the weight loss of mice was no
more than 15% of the original body weight. During the
experiment, the mice did not suffer from virus infection.
All animal experiments were reviewed and approved by
the Animal Care and Use Committee of Renmin Hospital
of Wuhan University (APPROVAL#WDRM?20211204C).

Immunohistochemistry staining

The tissues was fixed in neutral formalin and embedded
in paraffin. For immunohistochemistry staining, par-
affin samples were cut into 5-pm sections and repaired
the antigen by using citrate buffer. Then primary anti-
body (anti-Ki67, GB13030-2,1:100 dilution, Servicebio,
Wuhan, China) was added and incubated overnight at 4 °C
After washing, the secondary antibody (Rabbit Two-step
Detection Kit (Rabbit Enhanced Polymer Detection Sys-
tem; PV-9001, ZSGB-BIO, Beijing, China) was added at
37 °C for 30 min, and DAB (ZLI-9018, ZSGB-BIO, Bei-
jing, China) was used as the chromogen. and hematoxylin
(G1004, Servicebio, Wuhan, China) was used to stain the
nucleus. After the staining was completed, the staining

was observed under a microscope (ECLIPSE 801, Nikon)
and photographed.

Cell culture and treatment

The prostate cancer cell lines (PC3, DU145) were purchased
from the BeNa Culture Collection. The PC3 cells cells were
cultured with RPMI 1640 (Gibco, C11875500BT) complete
medium containing 10% serum (Kangyuan, super grade) and
1% dual antibody (Biosharp, BL505A) in 5% CO2 incuba-
tor at 37 °C, and DU145 cells were cultured in Dulbecco
modified Eagle medium (DMEM) (Bio-Channel, BC-M-
005) complete medium containing 10% serum and 1% dual
antibody in 5% CO?2 incubator at 37 °C.

Cell viability assays

Cells were inoculated into 96-well plates (Thermo,167,008)
(3000 cells/well). 24 h after inoculation, different concentra-
tions of Gastrodin (0, 1, 2, 4, 6 mm, dissolved in DMSO)
were added. After that, the culture was continued in the
incubator at 37 °C for 24, 48, 72 or 96 h. After reaching the
predetermined time, the cell viability was detected using the
CCKS kit (Bimake, B34304) according to the instructions.

Colony formation assay

2000 cells/well were seeded into six-well plates for colony
formation assays. 24 h after inoculation, different concentra-
tions of Gastrodin (0, 1, 2, 4 mM, dissolved in DMSO) were
added after the cells were completely adherent to the wall.
After 9-day’s culture (changing the medium every 2 days
and Gastrodin was maintained), cells were fixed using 4%
paraformaldehyde (Biolight, BLRE150) at room tempera-
ture for 15 min and stained with 0.1% crystal violet (hushi,
SCRC71012314) at 37 °C for 20 min. Then visible colonies
were photographed and counted.

Quantitative real-time PCR (qRT-PCR) assay

Total RNA was extracted from cells and tumor tissues using
TRIzol Reagent (Invitrogen, 15,596-026), and then reverse
transcribed to cDNA using Transcriptor First Strand cDNA
Synthesis Kit (Roche, 04896866001), according to the
manufacturer’s instructions. The SYBR Green PCR Mas-
ter Mix (Roche, 04887352001) was used for the qRT-PCR,
with B-ACTIN as the internal reference. RT-PCR results
were analyzed using relatively quantitative methods. The
ACt value of each group was obtained by comparing the Ct
value of the target gene with the Ct value of internal refer-
ence, and then the experimental group and the control group
were calculated to obtain AACt. The 2-AACt method was
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Table 1 Primers used in qRT-PCR

Gene Sequence 5'—3'

Myc F TCGGGTAGTGGAAAACCAGC
R TCCTCCTCGTCGCAGTAGAA

CCNDI1 F CAGATCATCCGCAAACACGC
R AGGCGGTAGTAGGACAGGAA

Table 2 Antibodies used in WB

Antibody Cat no. Manufacturer Dilution rate

f-catenin A19657 Abclonal 1:1000

C-myc A1309 Abclonal 1:1000

Cyclind1 GTX16663 GeneTex 1:10,000

B-actin ACO026 Abclonal 1:1000

used to compare the expression of the same gene between
groups. The primers are listed in Table 1.

Western blot analysis

The total proteins of cells and tumor tissues were collected
using RIPA lysate buffer (Termo Scientifc, Rockford, IL),
and the protein concentration was quantified using BCA Pro-
tein Quantification Kit according to the instruction. Protein
samples (20 ug) were uniformly loaded onto SDS-PAGE,
and then electro transferred to PVDF membrane. Subse-
quently, the PVDF membrane was blocked with 5% non-fat
milk for 1 h and incubated overnight at 4 °C with primary
antibody against B-catetin, C-Myc, Cyclind1, and f-ACTIN
(loading control for normalization). The membranes were
washed three times with TBST buffer, and then bound to
secondary antibodies at 37 °C for 1 h. The signal was visual-
ized by enhanced chemiluminescence (ECL). The primary
antibodies are listed in Table 2.

Statistical analysis

All data are presented as the mean + SD and analyzed with
SPSS software (version. 21.0). When the data conform to
the normal distribution, the differences between the two
groups were compared with a two-side student’s t-test. The
differences among multiple groups (containing three groups)
were analyzed with One-way ANOVA that the Bonferroni
analysis for the data of homogeneous variance and Tam-
hane’s T2 analysis for heteroscedasticity data. When the
data showed abnormal distribution, the non-parametric test
(Kruskal-Wallis test) was used for analysis. P <0.05 was
considered significant difference.
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Fig. 2 Gastrodin inhibits Prostate cancer cells proliferation in vitro A,
B Clone formation and quantitative results of PC3 and DU145 cells
treated with Gastrodin (0, 1, 2, 4 mM). C, D The mRNA levels of
MYC and CCNDI1 in PC3 cells (C) and DU145 cells (D) treated with
Gastrodin (0, 1, 2, 4 mM).Actb was used as a reference control. E-H
Representative western blot images and quantitative results of MYC
and CyclinD1 in PC3 cells (E, F) and DU145 cells (G, H) treated
with Gastrodin (0, 1, 2, 4 mM). GPADH was used as a loading con-
trol.¥*, p<0.01; *, p<0.05. n.s., no significant difference

Results

Gastrodin inhibits the activity of prostate cancer
cells

First, we analyzed PC3 and DU145 cells activity under dif-
ferent concentration conditions and drug stimulation at dif-
ferent times. Cell viability was detedted by CCKS8 assay, and
the results showed that 1 mM Gastrodin could significantly
inhibit the activity of PC3 cells and DU145 cells at 48 h
and 72 h. The cells treated with Gastrodin showed reduced
viability in a dose-dependent manner. When the cells were
treated with 6 mM Gastrodin, the cell viability was almost
half that of the control group (Fig. 1B-C). These findings
indicated that Gastrodin can inhibit the activity of prostate
cancer cells.

Gastrodin inhibits the proliferation of prostate
cancer cells invitro

We then performed the colony formation assays to investi-
gate the influence of Gastrodin on the proliferation of pros-
tate cancer cells. Consistent with the results of cell viability
studies, 1 mM gastrodin significantly inhibited the clone
formation of PC3 and DU145 cells, and the effect of gas-
trodin was dose-dependent (Fig. 2A-B). Furthermore, we
detected the expression of proliferation-related molecules by
gRT-PCR and Western blot, the results showed that mRNA
expression levels (Fig. 2C-D) and protein levels (Fig. 2E-
H) of MYC proto-oncogene, bHLH transcription factor
(MYC) and cyclin DI(CCND1) were significantly inhibited
by Gastrodin in PC3 and DU145 cells. In summary, Gastro-
din can significantly inhibit Prostate cancer cell proliferation
in vitro.

Gastrodin inhibits the growth of PC3 cell xenografts

In order to further study the effect of Gastrodin on pros-
tate cancer tumor growth, PC3 cells were used to enstab-
lished Prostate cancer xenograft models. We found that
the tumor growth rate of Gastrodin group was significantly
slower than that of control group and the size of tumor
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«Fig.3 Gastrodin inhibits the growth of PC3 cell xenografts A Rep-
resentative images of PC3 cell xenografts mice treated with or with-
out Gastrodin (50 mg/kg). B Representative images of tumors from
PC3 cell xenografts mice treated with or without Gastrodin (50 mg/
kg). C Tumor volumes analyzed results after inoculation. D The
tumor weight of PC3-injected mice. E Representative images and
quantitative results the results of Ki67 immunohistochemical staining
in tumor tissue. Scale bar,100 pm. F The mRNA levels of MYC and
CCNDI in tumor tissue treated with or without Gastrodin (50 mg/
kg). Actb was used as a reference control. G, H Representative west-
ern blot images and quantitative results of MYC and CyclinD1 in
tumor tissue treated with or without Gastrodin (50 mg/kg). GPADH
was used as a loading control.**, p <0.01; *, p <0.05. n.s., no signifi-
cant difference

Gastrodin administered group was lesser than control group
(Fig. 3E). Subsequently, qRT-PCR and Western blot analy-
sis showed that the mRNA and protein levels of MYC and
CCND1 were significantly down-regulated in tumor tissues
of Gastrodin group (Fig. 3F-H).Totally, our findings proved
that Gastrodin can significantly inhibit the tumor growth of
Prostate cancer.

Gastrodin inhibits the activation of canonical
Wnt/B-catenin signaling pathway

Previous studies have demonstrated that the activation of
Whnt/B-catenin signalling is a frequent driver event in human
cancer [25]. Gastrodin has been shown to inhibit canonical
Whnt/B-catenin signaling activation in microglia [26]. There-
fore, we hypothesized that Gastrodin may also inhibit the
development of prostate cancer by inhibiting the activation
of canonical Wnt/B-catenin signaling pathway. To test this
hypothesis, we collected PC3 cells treated with gastrodin
and tumor tissue from PC3 cells xenograft models to detect
the expression of f-catenin, a key protein of canonical Wnt/
[B-catenin signaling pathway. Results showed that the expres-
sions of P-catetin was reduced to different degrees after dif-
ferent concentrations of Gastrodin treatment (Fig. 4A-D).
In addition, we added LiCl, an activator of Wnt/f-catenin
signaling, to gastrodin treated PC3 cells, we found that the
inhibitory effect of gastrodin on canonical Wnt/f-catenin
signalling pathway was completely abolished (Fig. 4E-H).
Furthermore, the result of the CCKS8 experiment showed that
LiCl abolished the inhibitory proliferation effect of Gastro-
din on PC3 cells (Fig. 41). These results reflected that Gas-
trodin can inhibit the activation of canonical Wnt/p-catenin
signaling pathway in Prostate cancer.

Discussion

Prostate cancer is the most prevalent malignant tumor in
men in Europe and the United States, and its incidence is
increasing in China. Epidemiological surveys have shown a

strong correlation between dietary factors and the develop-
ment of prostate cancer. It is suggested that the ingredients
may have a role in the prevention, treatment and prevention
of tumor progression in prostate cancer. Therefore, in recent
years, herbal medicine has been increasingly used in the
treatment of prostate cancer in both Eastern and Western
countries [27]. Gastrodin, a main chemical constituent of
gastrodia, has been reported to inhibit tumor growth,such as
gastrodin was capable of repressing transplanted H22 ascitic
hepatic tumor cell growth in vivo with low toxicity [24].
Here,we found that in vitro, gastrodin (1 mM) could signifi-
cantly inhibited the proliferation of PC3 and DU145 cells
and in vivo, gastrodin (50 mg/kg) also markedly restrained
the growth of xenograft by gavage.

The C-MYC oncogene has been implicated in the devel-
opment of many human cancers.Under normal circum-
stances, expression level of c-myc is low, and once activated,
it could cause a high proliferation and malignant transforma-
tion [28]. CCND1 gene encodes protein CyclinD1, which
regulates cell cycle and is also a prognostic and predictive
factor for different cancers [29]. Here, the result of qRT-PCR
and western blot showed that gastrodin significantly inhib-
ited the transcription and protein levels of myc and ccndl in
prostate cancer cell (PC3 and DU4S5 cells) and also PC3 cell
xenograft tumor tissues.

The Wnt/B-catenin signaling pathway, also called the
canonical Wnt signaling pathway, is a conserved signaling
axis involved in the regulation physiological processes of
tumor such as proliferation, differentiation, apoptosis and
metastasis, and the Wnt/B-catenin signaling pathway has aslo
become an important target for clinical targeted therapy of
tumors [30]. B-catenin, a key mediator of the Wnt/p-catenin
pathway, which regulating the stabilization of the destruc-
tion complex and then adjusting p-catenin levels, could lead
to early events in carcinogenesis when in abnormal regu-
lation [31].It has been reported that the active ingredients
extracted from traditional Chinese medicine can inhibit
tumorigenesis by targeting the Wnt/f-catenin pathway. Such
as Scutellarin may ameliorate colitis-associated colorectal
cancer by weakening Wnt/p-catenin signaling cascade [32].
In our study, we found that gastrodin can inhibit the protein
levels of p-catenin and proliferation associated molecules
C-Myc and Cyclin D1. Furthermore, when LiCl, the agonist
of Wnt/p-catenin pathway was administrated, the regulatory
effect of gastrodin was abolished. These results suggested
that gastrodin may exert its function of inhibiting the prolif-
eration of Prostate Cancer by inhibiting the canonical Wnt/p-
catenin signaling pathway. However, the activation of the
canonical Wnt/p-catenin signaling pathway is a complex
process involving multiple molecules. The phosphorylation
and proteasome degradation of f-catenin is only a few of
the Wnt/B-catenin signaling pathways. It remains unclear
that how gastrodin regulates the protein levels of f-catenin
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Fig.4 Gastrodin inhibits the activation of canonical Wnt/B-catenin
signaling pathway A, B Representative western blots and quantita-
tive results of p-catenin in PC3 cells treated with Gastrodin (0, 1, 2,
4 mM).p-ACTIN was used as a loading control. C, D Representative
western blot and quantitative results of p-catenin in tumors of PC3
cells xenografts treated with Gastrodin (0, 50 mg/kg). B-ACTIN was
used as a loading control. E-H Representative western blot and quan-

and thus the activation of canonical Wnt/p-catenin signal-
ing pathway.

In summary, the study showed that gastrodin had sig-
nificant proliferation inhibitory activity on PC3 cells and
DU145 cells in vitro, and inhibited tumor growth rate,
reduced tumor size and improved anti-tumor efficacy in
tumor-bearing mice. Gastrodin can inhibits the activation
of canonical Wnt/B-catenin signaling pathway. The above
experimental results laid the mechanical foundation for the
study of the effect of gastrodin on tumor, and also provided
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titative results of B-catenin, C-Myc and CyclinD1 in PC3 cells treated
with Gastrodin (0, 4 mM) or LiCL (0, 25 pM). B-ACTIN was used as
a loading control. I CCKS8 assay results of PC3 cell treated with Gas-
trodin (0, 4 mM) or LiCL (0, 25 pM) for 24 h, 48 h, 72 h and 96 h.
For B and D,*vs Control group, For F-I *vs Control group, n.s. vs
Control-LiCL group,**, p<0.01; *, p<0.05

the experimental basis for the use of gastrodin for therapy
in oncology.
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