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ABSTRACT: pPeOp is a protein extracted from the sclerotium of Omphalia lapidescens. Several studies have shown its
anti-carcinogenic effects. However, its functions in cervical cancer and the underlying cellular mechanisms are relatively
unknown. Here, we examined the effect and molecular mechanism of pPeOp on HeLa cells. The MTS assay and EAU
assay showed that pPeOp decreased Hela cell viability and proliferation in a dose-dependent manner. Besides, the
quantitative real-time PCR (qQRT-PCR) and western blot analysis showed that the mRNA levels of JAK1, JAK2, GP130,
and STAT3 and protein levels of STAT3 and p-STAT3 were significantly decreased, whereas the mRNA expression levels
of SOCS1 and SOCS3 were significantly elevated in HeLa cells. Furthermore, Interleukin-6 (IL-6) and NSC74859 were
used as the agonist and inhibitor of the JAK/STAT3 signaling pathway, respectively. The flow cytometry and MTS assay
showed that the antitumor effect was increased when pPeOp was co-treated with IL-6, while decreased with inhibitor
treatment. These results demonstrate that pPeOp could effectively inhibit the proliferation and viability of cervical
cancer cells by regulating JAK/STAT3 signaling pathway, suggesting that pPeOp may serve as a novel therapeutic agent

for cervical cancer.
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INTRODUCTION

Cervical cancer was the fourth most common cancer
in women [1, 2]. Although multimodal treatments, in-
cluding surgery, radiotherapy, and chemotherapy, have
improved, patients with cervical cancer still have poor
prognosis [3,4]. Therefore, it is of great importance
to find an effective alternative to traditional treatment
for cervical cancer with fewer side effects.

Omphalia lapidescens [5-7], one of the most im-
portant medical fungi in Traditional Chinese Medicine,
was first recorded in Shennong Bencao Jing. It has the
effect of softening hardness and transforming phlegm,
used as deworming medicine frequently. However,
recent studies have shown that it has significant antitu-
mor properties. China Food and Drug Administration
has approved O. lapidescens tablet and Leiwan capsule
as antitumor auxiliary drugs [8]. pPeOp, a protein
extracted from Omphalia lapidescens with PVP extrac-
tion buffer, has no toxicity to MC-1 normal gastric
cells [9]. Previous studies demonstrated that pPeOp
can negatively regulate the activity of JAK/STAT3 sig-
naling pathway and significantly inhibits proliferation
and induces apoptosis in gastric cancer cells and hu-
man colon cancer cells [8,10-12]. To date, however,
no studies have investigated its efficacy for treating
cervical cancer.

Therefore, the present study aimed to investigate
the inhibitory effect and mechanism of pPeOp in hu-
man cervical cancer cells. Our results confirmed that
pPeOp has a markedly negative regulation effect on
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JAK/STAT3 signaling pathway in HeLa cells and thus
inhibits cell activity, proliferation, and cell cycle.

MATERIALS AND METHODS
Experimental materials and reagents

RPMI-1640 was provided from Genom Biomedical
company (Hangzhou, China). TRIzol used in RNA
extraction was provided from Thermo Fisher Scien-
tific (Massachusetts, USA). Recombinant human IL-
6 was purchased from Beyotime (Shanghai, China).
NSC74859 was purchased from MedChemExpress
(New Jersey, USA). Primers were purchased from San-
gon Biological Technology (Shanghai, China). The
primer sequences were listed in the Table 1. All anti-
bodies were purchased from Cell Signaling Technology
(Boston, USA).

pPeOp extraction and purification

The fruiting body of Omphalia lapidescens was pur-
chased from Fang Hui Chun Tang (Hangzhou, China).
pPeOp was a purified bioactive protein in O. lapidescens
which was obtained using polyvinylpyrrolidone (PVP)
followed by gel filtration chromatography. Protein
extraction and purification were performed according
to a previously published protocol [9].

Cell culture

Human cervical cancer cell lines, HeLa, obtained from
the Zhejiang Provincial Center for Disease and Preven-
tion Centre (Hangzhou, China) were cultured in RPMI-
1640 supplemented with 10% fetal bovine serum
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Table 1 Primer sequences for qRT-PCR.

Name Primer F (sequence 5'-3") Primer R (sequence 5'-3")
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA
GP130 TAGTGACCAGCAGTTATAT CGACTACAGTGTCAAATAA
JAK1 CCTGCTGGTGGCTACTAAGA AGATGTGTGTTCTCGTGCCT
JAK2 GCCTTCTTTCAGAGCCATCA CCAGGGCACCTATCCTCATA
STAT3 GACATGGAGTTGACCTCGGAGTG GGTGGCAGAATGCAGGTAGGC
SOCS1 TCGCCCTTAGCGTGAAGA CTGCCATCCAGGTGAAAGC
SOCS3 GCCACTCTTCAGCATCTCT GGTCCAGGAACTCCCGAAT

(Zhejiang Tianhang Biotechnology Co. Ltd., Huzhou,
China) and 1% penicillin-streptomycin (Gibco, New
York, USA) in a humidified atmosphere of 5% CO, at
37°C.

RNA extraction and quantitative real-time
polymerase chain reaction (QRT-PCR)

TRIzol reagent was used to extract total RNA from
cells. RNA reverse transcription was operated using
Maxima First Strand cDNA Synthesis kit while real-
time PCR was performed with the SYBR-Green Master
Mix (Thermo Fisher Scientific, USA). qRT-PCR and
data collection was conducted by means of Eppendorf
Realplex 4 Real Time PCR Machine (Eppendorf, Sax-
ony, Germany). The relative expression levels were
evaluated by using the 2724% method, and GAPDH
served as an internal control.

Western blot analysis

HeLa cells were lysed with RIPA (Beyotime, China)
supplemented with PMSE and the concentration of
total protein was measured using BCA Protein As-
say Kit (Solarbio, Beijing, China) according to the
manufacturer’s protocol. Equal amounts of protein
were separated on a 10% SDS polyacrylamide gel and
then transferred to a polyvinylidene difluoride (PVDF)
membrane (Millipore, Massachusetts, USA). After be-
ing blocked with 5% skim milk for 2 h at room tem-
perature, the membrane was incubated with primary
antibodies (from CST, Boston, USA) against p-STAT3
(1:1000), STAT3 (1:1000) and GAPDH (1:1000) at
4°C overnight followed by a wash with TBST for
3 times. The membranes were incubated with HRP-
conjugated goat anti-rabbit IgG (1:1000, Beyotime,
China) at room temperature for 2 h and then washed
in TBST for 3 times. The protein expression levels
were detected by ECL STAR luminous solution (Bey-
otime, China) using Aplegen Gel Documentation Sys-
tem (OmegaLum G, San Francisco, USA). Protein gray
values were analyzed by Image J software.

Cell cycle detected by flow cytometry

Cells in each group were first harvested with EDTA-
free trypsin (0.25%), and cell density was adjusted to
about 1x10° /ml. Then, the cells were fixed overnight
with 1.0 ml 70% cold ethanol at 4°C. The cells were

washed with cold PBS and then incubated with 0.5 ml
PI/RNase staining buffer (BD Biosciences, New Jersey,
USA) for 15 min at room temperature in the dark.
Cell cycle distribution was finally detected by a flow
cytometer (Beckman FC500, Miami, USA).

MTS assay

Cell viability was determined using the MTS reagent
(Promega, Wisconsin, USA) according to the manu-
facturer’s instructions. At the same time, 20 ul MTS
was added to each well of 96-well plates, containing
100 pl medium. After incubation for 4 h at 37 °C in the
dark, the absorbance at 490 nm of each well was mea-
sured using a microplate reader (BioTek Instruments,
Vermont, USA).

EdU incorporation assay

The proliferation activity of cells was analyzed using
the BeyoClick™ EdU Cell Proliferation Kit with Alexa
Fluor 594 (Beyotime, China) according to the man-
ufacturer’s instructions. Briefly, cells were incubated
with 10 uM EdU in normal medium at 37°C for 2 h,
followed by fixing with 4% formaldehyde for 30 min
and permeating with 0.3% Triton X-100 for 10 min
at room temperature. Then, the cells were incu-
bated with 1 x Apollo® reaction cocktail for 30 min
at room temperature. Finally, the nuclear DNA was
stained with Hoechst 33342 for 10 min. Samples
were analyzed by a fluorescence microscope (ZEISS,
Oberkochen Germany).

Statistical analysis

All experiments were repeated at least 3 times, the
results were expressed as the mean =+ standard devia-
tion (SD), and the statistical analysis was performed
by SPSS 16.0 software (IBM Corp, Armonk, NY, USA)
and GraphPad Prism 6 (GraphPad Software, Inc., San
Diego, CA, USA). The comparison of 2 independent
groups was detected by t-tests. One-way ANOVA was
used for comparison among 3 or more groups. A
p-value of < 0.05 was considered statistically signifi-
cant.
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RESULTS
Effects of pPeOp treatments in HeLa cells
Effect on morphology

Light microscopy was applied to analyze the morpho-
logical changes of the HeLa cells. When treated with
PVP buffer (90 ug/ml), as shown in Fig. 1a, HeLa cells
retained normal morphology compared to control cells.
When exposed to 30-90 pg/ml pPeOp, however, cells
became markedly damaged, reverting to a spherical
morphology and showing signs of shrinkage.

Effects on viability

HeLa cells were exposed to varying concentration of
pPeOp or 90 pg/ml PVP for 24 h, after which the cell
viability was assayed by the MTS assay. As shown
in Fig. 1b, when compared with control group, the
inhibition of cell viability in HeLa cells became more
significant with increasing concentration of pPeOp
(p < 0.05). On the contrary, there was no significant
difference in the viability of cells treated with PVP
These data indicated that pPeOp inhibited the viability
of Hela cells in a dose-dependent manner.

Effects on proliferation

The EdU assay was used to test cell proliferation
ability. As shown in Fig. 1c, the relative EdU-positive
cell numbers significantly decreased with increasing
concentration of pPeOp (p < 0.01). In addition, there
was no significant difference in the EdU-positive cell
numbers with PVP Our data demonstrated that the
proliferation activity of HeLa cells was significantly
inhibited by pPeOp.

Effects on JAK/STAT3 signaling pathways

STAT3, as a transcription factor, plays an important
role in tumor cell proliferation and progression [13].
Therefore, we wondered if pPeOp could regulate the
JAK/STAT3 pathway in HeLa cells. Results showed that
the mRNA levels of JAK1, JAK2, GP130, and STAT3 and
protein levels of STAT3 and p-STAT3 were significantly
decreased, whereas the mRNA expression levels of
SOCS1 and SOCS3 were significantly elevated in HeLa
cells (Fig. 2).

Screening for optimum concentration of agonists
and inhibitors

MTS and RT-qPCR were used to determine the optimal
concentration of agonists and inhibitors for further
experiment. As shown in Fig. 3a-d, in cervical can-
cer HeLa cells, the mRNA expression level of STAT3
and cell viability were significantly elevated after be-
ing treated with 100 ng/ml IL-6, and the opposite
was treated with 50 ng/ml NSC74859. Thus, the
most optimum concentration of IL-6 and NSC74859 is
100 ng/ml and 50 ng/ml, respectively.
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Effects of IL-6 and NSC74859 on pPeOp regulation
of cell viability and cell cycle

In order to further study the role of JAK/STAT3 signal
pathway in the anticancer of pPeOp, we studied the
cell viability of cervical cancer cells when the agonist
and inhibitor of the JAK/STAT3 signaling pathway and
pPeOp acted together or alone. The MTS assay results
(Fig. 3e) showed that cell proliferation was slowed in
the treatment with pPeOp alone group compared with
that in the control group. pPeOp in the combination
with IL-6 and NSC74859 could inhibit 57.11% and
23.61% of cells, respectively. These data indicated that
pPeOp significantly inhibited the activity of HeLa cells,
and IL-6 significantly enhanced the inhibitory effect of
pPeOp on the activity, whereas NSC74859 weakened
the effect. To further investigate the mechanism of
pPeOp-induced suppression of HeLa cell proliferation,
the cell cycle distribution of HeLa cells was determined
by flow cytometry. Our results (Fig. 3f,g) showed
that pPeOp induced HeLa cell cycle arrest in S phase.
The blocking of pPeOp was enhanced by IL-6, while
weakened with NSC74859.

DISCUSSION

Despite cervical cancer being now preventable in the
developed world, it is still the leading cause of death
in developing nations with limited access to care.
At present, most of chemical drugs and radiotherapy
methods for cervical cancer treatment have serious
side effects [14, 15]. Previous studies have shown that
O. lapidescens can effectively inhibit tumor growth, and
its negative regulation of JAK/STAT3 signaling path-
way is one of the main mechanisms for its anticancer
effect [8].

The JAK/STAT signaling pathway is mainly com-
posed of 2 genes, JAK and STAT, which jointly partici-
pate in the response of various cytokines and growth
factors, including cell proliferation, differentiation,
migration, apoptosis, and cell survival, through the
transfer of extracellular information to the nucleus
[16,17]. JAKs are a class of non-receptor tyrosine
kinases, which generally need to bind to receptors
to form complete receptor/kinase signal transduction
functions [18]. The STAT family consists of 7 mem-
bers: STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5SB,
and STAT6 [19,20]. Each STAT has 7 conservative
characteristics: NH2 terminal domains (ND), Coiled-
coil, DNA-binding domains (DBD), Linker, and Src ho-
mology 2 domain (SH2), followed by a transcriptional
activation domains (TAD) at the C-terminal [21]].
STATs are both a signal transducer and a transcription
factor. After activation by tyrosine phosphorylation,
STATs dimerized and transferred to the nucleus, where
they play an active transcription role by binding to cor-
responding sites on promoters [13]. Previous studies
have shown that abnormal activation of JAK/STAT3
signaling pathway has been found in many diseases, es-
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Fig. 1 Treatment effects of pPeOp on HeLa cells. Cells were treated with PVP (90 pg/ml) or pPeOp (30, 60, and 90 pg/ml)
for 24 h. (a) Cell morphology observed by light microscope. (b) Cell viability detected by MTS assay. (c) Cell proliferation
activity tested by EAU assay. EdU-positive cells were counted under the fluorescence microscope after 2 h. *p < 0.05 and

~,'.~~,&p < 0.01 vs. control group.

pecially breast cancer [22], lung cancer [23], liver can-
cer [24], ovarian cancer [25], and other tumors [13].
STAT3 is currently recognized as a very promising
target for cancer therapy. Although current studies are
not enough to reach the stage of clinical application,
STAT3 has long been identified as a typical oncogene
[26,27]. The JAK/STAT3 signaling pathway is one
of the most clearly described STAT3 phosphorylation
pathways. In addition, Rho family proteins also play
a significant role in regulating STAT3 phosphorylation
and nuclear translocation [28,29]. In gastrointestinal
cancer cells, pPeOp interacts with GP130 by competing
with IL-6 to activate the JAK family protease, thereby
inhibiting the phosphorylation of STAT3 and playing an

antitumor role. In this process, the expression levels of
JAK1, STAT3, and p-STAT3, the key factors of JAK/S-
TAT3 signaling pathway, were significantly decreased,
and the protein expression level of SOCS1, a negative
feedback regulator of JAK/STAT3, was significantly up-
regulated [8]. In addition, another regulator of STAT3
phosphorylation, the Rho family, is also inhibited by
pPeOp, which can significantly inhibit the expression of
Cdc42, Racl, and the effector molecule, MgcRacGAB
thus cutting off the signal of promoting STAT3 phos-
phorylation from the abnormally expressed Rho family
proteins in tumor cells [12].

In this study, we observed that HeLa cells showed
significant shrinkage in morphology and decreased cell
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Fig. 2 Effects of pPeOp on JAK/STAT3 signaling pathway. HeLa cells were treated with PVP (90 pug/ml) or pPeOp (30, 60, and
90 p.g/ml) for 24 h. (a—f) mRNA expression levels of JAK1, JAK2, GP130, STAT3, SOCS1, and SOCS3 detected by RT-gPCR.
(g) Protein expression of STAT3 and p-STAT3 in HeLa cells detected by Western blot. Results are expressed as mean + SD from

3 separate experiments.

viability and proliferation ability after being treated
with pPeOp for 24 h. RT-qPCR and Western blot results
showed that after pPeOp treatment, the JAK/STAT3
signaling pathway in HeLa cells was significantly in-
hibited, and the expression levels of major genes in
the pathway were significantly decreased such as JAK1,
JAK2, GP130, and STAT3. In contrast, SOCS1 and
SOCS3, which prevent STAT3 activation by competing
with JAKs for STAT phosphorylation binding sites, were
significantly elevated. The SOCS family consists of
at least 8 members, namely SOCS1, SOCS2, SOCS3,
SOCS4, SCOS5, SOCS6, SOCS7, and CIS (cytokine
inducible SH2 containing protein) [18]. Members of
the SOCS family are structurally similar, all of which
contain n-terminal SH2 domain with varying lengths
of amino acids and c-terminal conserved sequence
composed of 40 amino acids, namely SOCS box [18].
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*p < 0.05 and **p < 0.01 vs. control group.

SOCS is also a target gene of STAT, which is activated
to promote transcription but in turn inhibits phospho-
rylation of STAT, thus forming a negative feedback
regulatory chain [16, 18].

To further study the regulatory role of pPeOp on
JAK/STAT3 signal pathway, IL-6 and NSC74859 were
used in the present study as the agonist and inhibitor,
respectively, of the JAK/STAT3 signaling pathway. IL-6
combining with GP130 activates the JAK/STAT3 signal
pathway directly [30]. NSC74859 inhibiting STAT3
phosphorylation and blocking a homology dimer struc-
ture of STAT3 was widely used to study the JAK/STAT3
signaling pathway [31, 32]. RT-qPCR results suggested
that IL-6 significantly activates JAK/STAT3 signal path-
way, but the signal pathway was significantly inhibited
when it acts with pPeOp together.

Through blocking proliferation and impairing via-
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Fig. 3 Effects of pPeOp on Hela cell cycle. (a—d) Selection of optimum concentration of agonists and inhibitors. Cell viability
and STAT3 mRNA expression level after treated with different doses of IL-6 (0.1, 1, 10, 100, and 1000 ng/ml) or NSC74859
(1, 5, 10, 50, and 100 ng/ml) for 24 h. (e) Cell viability tested by MTS assay. (f~g) Cell cycle distribution analyzed by flow
cytometry. HeLa cells were treated with pPeOp (60 pg/ml) for 24 h in the absence or presence of NSC74859 (50 ng/ml) or

IL-6 (100 ng/ml). * p < 0.05 and ** p < 0.01 vs. control group.

bility of cervical cancer cells, the antitumor effects of
pPeOp have been proved. It is worth noting that the
antitumor effects of pPeOp increased when pPeOp was
co-treated with IL-6, whereas NSC74859 weakened the
antitumor effect of pPeOp. PI, a classic fluorescent
dye, combines with DNA to emit strong red fluores-
cence [33]. Detecting the fluorescence intensity of
PI binding by flow cytometry, the amount of DNA
in the cell is accurately reflected. According to the
amount of DNA, the cell cycle is divided into Sub-
G1 phase, G1 phase, S phase, and G2 phase [34]. It
is reported that cell death is related to DNA damage
and degradation [35]. Hence, cells in Sub-G1 phase
were regarded as dead cells. In the present study,

the proportion of Sub-G1 in cervical cancer cells was
significantly increased after treating with pPeOp. IL-
6 significantly increased cells in sub-G1 phase after
treating with pPeOp, which was consistence with MTS
results. Therefore, the in vitro data demonstrated that
pPeOp could effectively inhibit the proliferation and
viability of cervical cancer cells possibly by regulating
JAK/STATS3 signaling pathway.

In conclusion, in terms of cell characterization,
pPeOp could significantly shrink the surface of HeLa
cells and significantly reduce cell activity and prolifer-
ation ability. From the perspective of molecular reg-
ulation mechanism, pPeOp has a significant negative
regulation effect on JAK/STAT3 signaling pathway in
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HelLa cells and thus inhibits cell cycle. Traditional Chi-
nese medicine has multi-component and multi-target
efficacy and is less likely to produce drug resistance
and other characteristics. Therefore, pPeOp is a very
promising candidate for cervical cancer treatment.
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