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Erianin inhibits human cervical cancer cell through
regulation of tumor protein pS3 via the extracellular
signal-regulated kinase signaling pathway
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Abstract. Erianin, a natural bibenzyl compound, is present in
Dendrobium chrysotoxum Lindl. (commonly known as Shihu
in China), which is used as an antipyretic and analgesic in
traditional Chinese medicine, and has been reported to exert
inhibitory effects on cancer cells in vitro. Cervical cancer
is the third-most common cancer in women worldwide, and
has the highest morbidity rate of gynecological malignan-
cies. Thus, the identification of effective chemotherapeutical
agents to treat this disease is urgent. The aim of the present
study was to elucidate the biological functions and molecular
mechanism of erianin on HeLa cells. Cellular proliferation
was assessed using an MTT assay and flow cytometry assay
with propidium iodide (PI) staining. Apoptosis rates were
observed using a high content screening system via annexin
V-fluorescein isothiocyanate/PI double staining, and measured
by flow cytometry. The protein levels of tumor protein p53,
extracellular signal-regulated kinase 1/2 (ERK1/2), caspase-3,
B-cell lymphoma-2 (Bcl-2) and Bcl-2-associated X (Bax)
were assessed by western blot analysis. Erianin inhibited the
growth of HeLa cells and induced apoptosis in a dose- and
time-dependent manner, inducing cell cycle arrest at the G,/M
stage. Erianin treatment also increased the expression of Bax
and caspase-3, but decreased levels of Bcl-2 and phosphory-
lated-ERK1/2. Cells treated with paclitaxel were regarded as
the positive group. Together, the results of the present study
indicated that erianin could be considered as an effective drug
candidate; in HeLa cells it inhibited cellular proliferation and
promoted apoptosis via regulation of the ERK1/2 signaling
and mitochondrial-based apoptosis pathways. Thus, erianin
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has the promise to be developed further for cervical cancer
therapy.

Introduction

Cervical cancer, which is often induced by human papil-
loma virus (HPV) infection, is one of the most serious
life-threatening diseases among women in developing coun-
tries (1,2). Recently, two prophylactic vaccines, Cervarix
and Gardasil, against the high-risk strains HPV-16 and
HPV-18 have been developed and are used in more than 100
countries worldwide (3). However, these vaccines offer no
benefit for patients that are already infected with HPV, have
pre-cancerous lesions or cervical cancer (4). The long-term
use of routine approaches to treat cervical cancer, including
surgical removal, radiotherapy and chemotherapy, further
damage the health of patients. Accordingly, seeking effec-
tive treatment agents from natural compounds to prevent
and treat cervical cancer without these adverse effects is
clinically urgent.

Erianin [2-Methoxy-5-(2-(3,4,5-trimethoxyphenyl)-ethyl)-
phenol] (Fig. 1) is a natural bibenzyl compound present in
Dendrobium chrysotoxum Lindl., which is commonly known
as Shihu in China; it has been used as a herbal drug for thou-
sands of years in traditional Chinese medicine (TCM), where
it is often used as antipyretic and analgesic medication (5).
Previous studies have demonstrated that erianin can elicit
multiple pharmacological effects, including anti-oxidative (6)
and antitumor activity (7). Erianin has been reported to inhibit
cell proliferation and induce apoptosis in human promyelocytic
leukemia HL-60 cells (8), and reverse multidrug resistance
in BI6/hMDR-1 cells (9). However, the effect of erianin on
cervical cancer HeLa cells and the underlying molecular
mechanisms behind these effects remain unclear. Thus, in the
present study, the anticancer effects of erianin in HeLa cells
compared with paclitaxel, a frequently used chemotherapeutic
drug, were examined. Additionally, the involvement of tumor
protein p53 and extracellular signal-regulated kinase (ERK)
signaling were also investigated as potential molecular mecha-
nism. The present study aimed to elucidate the effects and
potential mechanism of erianin on cervical cancer HeLa cells
in vitro.
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Materials and methods

Reagents. Erianin and paclitaxel (PTX) were purchased from
Chengdu Must Bio-Technology Co. Ltd. (Chengdu, China),
purity >98%, and dissolved in dimethyl sulfoxide (DMSO)
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for use.

Cell culture. HeLLa cells, human cervical cancer cell line, were
obtained from American Type Culture Collection (Manassas,
VA, USA). HeLa cells were cultured in Dulbecco's modified
Eagle's medium (DMEM) (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS)
(Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a humidified
atmosphere of 5% CO,.

Cell viability assay. The cytotoxic activity of erianin on HeLa
cells was assessed using an MTT assay. HeLa cells were treated
with erianin at various concentrations (3.9, 7.8, 15.7, 31.4 or
157.0 uM) for different time points (24, 48 or 72 h), and then
incubated with MTT (0.5 mg/ml) at 37°C for 4 h. Meanwhile,
HeLa cells were treated with PTX (7.81, 15.63, 31.25, 62.50,
125.0 and 250.0 nM) for 48 h as the positive groups. The
purple formazan crystals were dissolved in 0.15 ml of DMSO.
Following shaking, the plates read on an automated microplate
spectrophotometer at 570 nm. Assays were performed in tripli-
cate in three independent experiments.

Cellcycle assay.Following exposure toerianin (3.9,7.9,15.7 and
31.4 uM) and 0.05 uM PTX for 12,24, 36 and 48 h, the control
(without treatment) and experimental groups (3.0x10° cells in
a 60-mm dish) were harvested using 0.25% trypsin, washed
with ice-cold PBS and collected by centrifugation at 400 x g
for 15 min at 4°C. The cells were suspended in PBS and fixed
with 70% ethanol (v/v) overnight at 4°C. The following day,
subsequent to three washes with ice-cold PBS, the cells were
treated with 100 1 RNase at 37°C for 30 min and stained with
400 ul propidium iodide (PI) (Nanjing KeyGen Biotech Co.
Ltd., Nanjing, China) for 30 min. Next, cell cycle analysis was
performed by flow cytometry (Coulter Epics XL; Beckman
Coulter, Inc., Brea, CA, USA). The data were analyzed using
MultiCycle software (version 6-16-03-F32; Beckman Coulter,
Inc.).

Cell apoptosis assay. For apoptotic cells analysis, HeLa cells
were treated with various concentrations of erianin (3.9, 7.9,
15.7,31.4) uM and 0.05 uM PTX for 12, 24, 36 and 48 h. The
cells were then collected and washed with ice-cold PBS. Next,
early apoptosis was measured using an Annexin V-Fluorescein
Isothiocyanate (FITC)/PI apoptosis detection kit (BD
Pharmingen; BD Biosciences, Franklin Lakes, NJ, USA). The
cells were suspended with 100 ul of binding buffer and stained
with 5 ul annexin V-FITC and 5 pl PI for 20 min at room
temperature in the dark and then 400 yl binding buffer was
added. The proportion of apoptotic cells were determined by
flow cytometry and observed using the ImageXpress® Micro
XLS High Content Screening system (Molecular Devices,
LLC, Sunnyvale, CA, USA), with Hoechest 33342 staining.

Western blot assay. Cells were treated with 3.9, 7.8, 15.7 or
31.4 uM erianin or 0.05 yM PTX for 48 h, lysed using lysis
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Figure 1. Chemical structure of erianin. C,iH,,05; molecular weight, 318.36.

buffer radioimmunoprecipitation assay (RIPA; 3 ml; cat.
no. AR0102; Wuhan Boster Biological Technology, Ltd.,
Wuhan, China) buffer with phenylmethane sulfonyl fluoride
(40 pl; cat. no. AR1778; Wuhan Boster Biological Technology,
Ltd.) and a protease inhibitor cocktail (cat. no. P8340; 30 ul
Sigma-Aldrich; Merck KGaA) and the lysates were measured
for protein concentrations with a total protein quantitative
assay (Coomassie brilliant blue method) kit (cat. no. A405-2;
Nanjing Jiancheng Bioengineering Institute, Nanjing, China)
as described previously (10), according to the manufacturer's
protocols. Protein samples (20 pug) were separated by 10%
SDS-PAGE and then transferred to a polyvinylidene fluoride
membrane. The membrane was blocked for 2 h with 5% non-fat
dry skimmed milk. Following incubation overnight at 4°C with
antibodies against tumor protein p53 (hereafter p53) (dilution,
1:1,000; cat. no. ab131442; Abcam, Cambridge, UK), ERK1/2
(dilution, 1:1,000; cat. no. ab50011; Abcam), phosphory-
lated ERK1/2 (dilution, 1:1,000; cat. no. ab36991; Abcam),
caspase-3 (dilution, 1:1,000; cat. no. 9665; Cell Signaling
Technology, Inc., Danvers, MA, USA), B-cell lymphoma-2
(Bcl-2) (dilution, 1:1,000; cat. no. ab136285; Abcam),
Bcl-2-associated X (Bax) (dilution, 1:1,000; cat. no. ab32503;
Abcam), GAPDH (dilution, 1:1,000; cat. no. BA2913; Wuhan
Boster Biological Technology, Ltd.) and p-actin (dilution,
1:1,000; cat. no. ab3280, Abcam), the membrane was incubated
with horseradish peroxidase-conjugated anti-rabbit antibody
(dilution, 1:5,000; cat. no. RA1054; Wuhan Boster Biological
Technology, Ltd.) at 37°C for 2 h. Finally, the reaction was
visualized using SuperLumia enhanced chimiluminescence
kit (cat. no. K22020; Abbkine Scientific Co., Ltd, Wuhan,
China) and detected using a Molecular Imager® Gel Doc™
XR* (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
integrated density of the bands was quantified using Image
Lab 5.1 software (Bio-Rad Laboratories, Inc.).

Bioinformatics methods. The data concerning the association
between p53 expression and survival ratios in patients with
cervical cancer were acquired from The Cancer Genome
Atlas (TCGA) database (https://cancergenome.nih.gov/). The
interaction regulatory function of p53, ERK1/2, Bax and Bcl-2
was analyzed using Pathway Commons (http://www.pathway-
commons.org/) (11).

Statistical analysis. All experiments were independently
repeated three times. All quantitative data were presented as
the mean =+ standard deviation and analyzed using SPSS 19.0
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Figure 2. Changes of proliferation ability of HeLa cells following treatment with erianin and paclitaxel. The viability of HeLa cells at different time points
were evaluated by MTT following incubated with different concentrations of erianin. “P<0.05, “P<0.01.
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Figure 3. Effects of erianin on cell cycle of HeLa. (A) HeLa cells were harvested following treatment with the indicated concentration of erianin or PTX for
(A) 12, (B) 24, (C) 36 and (D) 48 h. Data are presented as the mean. PTX, paclitaxel.

software (IBM Corp., Armonk, NY, USA). The half-maximal
inhibitory concentration (ICs,) and combination index values
were calculated using a logit regression model. One-way
analysis of variance with a least significant difference post-hoc
test was used to compare mean values between the control and
treatment groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effects of erianin on the proliferation of HeLa cells. To
evaluate the inhibitory effect of erianin on HeLa cells, cell
viability was assessed using an MTT assay after 24, 48, or
72 h of treatment. The results showed that erianin inhibited
HeLa cells growth in a dose- and time-dependent manner.
At doses of 3.9,7.8,15.7,31.4 and 157.0 uM, erianin elicited
a significant inhibition in HeLa cell viability after a 48-h
treatment (P<0.05). The ICs, values of erianin and PTX
after 48 h were 8.3+1.3 and 0.055+0.0017 uM, respectively
(Fig. 2).

Effects of erianin on cell cycle of HeLa cells. To investigate
whether the inhibition in cell proliferation induced by erianin
could be attributed to the induction of cell cycle arrest, cell
cycle analysis was performed. This analysis revealed that
erianin induced cell cycle arrest in a time- and dose-dependent
manner (Fig. 3). Compared with the control, the proportion
of cells in Gy/G, phase following treatment with erianin and
PTX decreased significantly after 12 h of treatment (P<0.01),
whereas the proportion of cells in G,/M phase increased
significantly (P<0.01) (Fig. 3A), indicating that erianin could
at least partly inhibit HeLa cells proliferation via G,/M check-
point arrest.

Effects of erianin on apoptosis of HeLa cells. Induction of
apoptosis is an central mechanism by which anticancer drugs
can inhibit cancer cell growth. Flow cytometry analysis demon-
strated that erianin at a dose of 7.8 yM induced apoptosis rate
compared with the control, 0.22+0.26 vs. 1.52+0.29% at 12 h,
0.10+0.1 vs.8.12+0.92% at 24 h,1.83+0.71 vs. 11.53+1.22% at 36
h and 5.99+5.12 vs. 41.83+£5.32% at 48 h, respectively (Fig. 4).
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Figure 4. Effects of erianin on apoptosis of HeLa. (A) HeLa cells were harvested and stained following erianin or PTX treatment for 12, (B) 24, (C) 36 and
(D) 48 h. (E) Images were acquired when HeLa were exposed to erianin for 48 h, and early apoptotic cells were marked. "P<0.05, “P<0.01. PTX, paclitaxel;

PI, propidium iodide.

As shown in Fig. 4D, erianin could increase rates of early apop-
tosis in HeLa cells, from 5.99+5.12% in the control (untreated
cells at 48 h) to 48.91£5.22% in cells treated with 31.4 uM
erianin after 48 h of treatment (P<0.05). Therefore, the results
of the present study demonstrated that erianin induced apop-
tosis in HeLa cells in a time- and dose-dependent manner.

Effects of erianin on the expression of p53, ERK1/2, caspase-3,
Bcl-2 and Bax proteins. It has been reported that the p53
and ERK pathways are involved in mitochondrial-based
apoptosis (12,13). Therefore, whether erianin induced mito-
chondrial-based apoptosis through the inhibition of ERK1/2
signaling and activation of p53 was examined. The results of
western blot analysis revealed that erianin could reduce the
levels of p53 expression and phosphorylated-ERK1/2 expres-
sion without decreasing total ERK1/2 expression, indicating
that erianin could affect ERK1/2 phosphorylation in a concen-
tration-dependent manner, compared with the control (P<0.05;
Fig. 5A and B). Further study indicated that administration
of erianin for 48 h evidently promoted caspase-3 cleavage,
upregulated the expression of Bax and downregulated the
expression of Bcl-2 (P<0.05; Fig. 5C and D), Note that, since
the effect of erianin on p-ERK1/2 and caspase-3 expression at
a concentration of 1.9 yuM was similar to that at 3.9 yM, these
data were therefore not included in the figure. A concentration

of 3.9 uM as the minimum concentration was selected for the
further investigation.

ERK and p53 expression are associated with mitochon-
drial-based apoptosis in cervical cancer. p53 is an essential
tumor suppressor gene in various types of cancer (14). According
to data from TGCA, high expression of p53 was positively
associated with the survival rates in patients with cervical
cancer (P=0.038) (https://cancergenome.nih.gov/), indicating
that promoting p53 expression may represent a promising
approach to treating cervical cancer (Fig. 6A). Furthermore,
data from Pathway Commons (http:/www.pathwaycommons.
org/) in cervical cancer revealed that p53 serves essential
roles in numerous different pathways, including apoptosis.
Specially, pS3 could control the expression and activation of
Bcl-2 and Bax, and control phosphorylation of ERK1/2. The
activation of the ERK1/2 pathway could control the activity of
Bcl-2 (Fig. 6B).

Discussion

An epidemiological study indicated that in 2008, cervical
cancer was the third-most common cancer in women
worldwide and the gynecological malignancy with the
highest morbidity, with an estimated 529,000 new cases
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Bcl-2 and Bax proteins were measured following treatment with compounds, with (D) quantification of this expression.
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occurring, resulting in 274,000 mortalities (15). Treatments
for cervical cancer, including surgery, chemotherapy, radia-
tion therapy, and chemotherapy combined with radiation
therapy, can have a curative effect; however, these treat-
ments are accompanied by adverse effects and recurrence
within a short time (16-20). Accordingly, seeking effective
chemotherapeutical agents to increase the curative rate,
reduce the risk of recurrence and metastasis, and improve
patient quality of life is highly desirable.

The development of antitumor drugs, particularly those
based on natural products, is receiving considerable atten-
tion. Erianin, a naturally occurring product isolated from
Dendrobium chrysotoxum Lindl., was reported to exert
antitumor (21-23) and anti-oxidative effects (8). However, the
anti-cervical cancer activity and the potential mechanisms of
erianin have, to the best of our knowledge, not been assessed.
The present study aimed to elucidate the effects of erianin on
cell growth and apoptosis, and clarify the potential mechanism
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by which this occurred, which was associated with regulation
of the ERK1/2 signaling and mitochondrial pathways.

Investigating the molecular mechanisms of cancer cell
growth is critically important. Cell cycle dysregulation is a
major factor in cancer cell growth (24). ERKs have a key role
in promoting cell survival and cellular proliferation (25,26)
and have been considered to be significant targets for cancer
therapeutics (27). Evidence indicates that erianin affects
cell cycle progression, evidenced by inhibition of gastric
carcinoma SGC-7901 cell proliferation by blocking progres-
sion to S phase (28), and arresting progression at the G,/M
phase in hepatocellular carcinoma Huh7 cells (23) and human
colorectal cancer SW480 cells (29). In the present study,
erianin exhibited potent anti-proliferative activities against
HeLa cells (IC5,=8.3+1.3 uM; Fig. 2) at 48 h, induced the arrest
of HeLa cells at the G,/M phase (Fig. 3), and suppressing the
phosphorylation of ERK1/2.

As a tumor suppressor, pS3 has a pivotal role in cell
cycle progression, the DNA damage response and apop-
tosis (12). Previous studies confirmed that p53 was one
of the most commonly mutation genes in cancer (30-32).
Additionally, the upregulation of p53 in cancer cells may
prevent cancer cell proliferation by promoting cell cycle
arrest and apoptosis (33-36). Liu er al (37) revealed that the
p53 pathway in human cervical cancer cells is activated by
reversion-inducing-cysteine-rich protein with Kazal motifs
overexpression, which induces cancer cell apoptosis and
reduces migration. In the present study, erianin treatment of
HeLa cells could promote the activation of p53.

Apoptosis maintains the healthy survival/death balance in
metazoan cells. Defects in apoptosis can cause cancer autoim-
munity, whereas enhanced apoptosis may cause degenerative
diseases (38). Mitochondria have a notable role in the intrinsic
pathway of mammalian apoptosis. In various types of cancer,
inhibitors of apoptosis are highly expressed whereas apoptosis
promoters are mostly inactivated, resulting in a certain degree
of drug resistance. Thus, reactivation of the normal apoptosis
response in cancer cells through regulating apoptotic regula-
tors is a desirable treatment approach (39,40). Developing
therapeutic approaches has involved modifying the activity
of Bcl-2 family proteins to reactivate apoptosis, eradicating
cancer cells (41-43). It is generally recognized that Bcl-2,
regarded as an anti-apoptotic protein, was suppressed and
pro-apoptotic proteins like Bax was overexpressed following
cleavage of caspase-family proteins once cytochrome C was
released from the mitochondria into the cytoplasm (44.45).
Evidence indicates provided that baicalein and betulinic acid
induced apoptosis in HeLa cells by downregulating Bcl-2
expression and upregulating that of expression and caspase-8.
When HeLa cells were exposed to erianin, the apoptotic
rate was increased and expression of Bax was upregulated,
caspase-3 was activated and Bcl-2 levels reduced, which was
consistent with the results of previous studies (46,47), indi-
cating that apoptosis induced by erianin was associated with
the activation of the proteolytic caspase family and the Bcl-2
family.

Paclitaxel exerts an anticancer function and has been
manufactured into albumin-bound paclitaxel (nab-paclitaxel),
which received US Food and Drug Administration approval
for the treatment of metastatic breast cancer, non-small
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cell lung cancer and pancreatic cancer (48). The National
Comprehensive Cancer Network recommends paclitaxel
combined with carboplatin or cisplatin for treatment of recur-
rent or metastatic cervical cancer. Therefore, in the current
study paclitaxel was used as positive control agent and was
compared with erianin in terms of effects on HeLa cell prolif-
eration, cell cycle and apoptosis. The results of this analysis
revealed that erianin arrested progression at the G,/M phase
and enhanced the apoptotic rate, similar to paclitaxel, indi-
cating that erianin has the potential to serve as an anti-cervical
cancer drug.

In conclusion, erianin is a promising anticancer compound,
owing to its ability to inhibit growth of HeLa by arresting
progression at the G,/M phase transition and inducing apop-
tosis. The potential mechanism of action involves regulation of
the ERK1/2 signaling and mitochondrial pathways.
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