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Abstract

Introduction: Ellagic acid (EA) is a kind of herb extract. However, the effects
and mechanisms of EA in cervical cancer treatment are unclear.

Material and methods: Our present work investigated the effects of EA on
Hela cervical cancer cell biological activities and relative mechanisms. Hela
cells were divided into 5 groups as the NC group, Low group, Middle group,
High group and 5-Fu group. MTT assay and cell apoptosis assay were per-
formed to evaluate cell proliferation and apoptosis. Wound closure assay
was used to assess the effect of EA on Hela cell migration. We also assessed
the anti-tumor effect of EA on a cervical tumor bearing BALB/c mouse mod-
el. Furthermore, western blotting and immunohistochemistry assay were
performed to evaluate the effect of EA on the activation of AKT/mTOR/STAT3
in vitro and in vivo.

Results: The cell experiments showed that EA had effects to inhibit Hela
cell biological activities including cell apoptosis, migration and invasion
dose-dependently and AKT, mTOR, and STAT3 phosphorylation expression
levels were significantly depressed after EA supplementation in the in vitro
study. In the in vivo study, EA significantly depressed tumor growth with cell
apoptosis significantly increasing and the AKT/mTOR/STAT3 pathway was
significantly down-regulated in tumor tissues.

Conclusions: EA had anti-tumor effects on cervical cancer by depressing the
AKT/mTOR/STAT3 pathway in in vitro and in vivo study.

Key words: ellagic acid, AKT, mTOR, Hela cervical cancer cells, cervical
tumor.

Introduction

Phenolic compounds are among the important secondary metabolites
in fruits and vegetables. Their beneficial effects on human health are
related to antioxidant and anti-inflammatory effects and potential tumor
prevention [1]. Relevant studies have confirmed that eating vegetables
and fruits rich in polyphenols has a positive significance for the preven-
tion of various tumors [2]. Ellagic acid (EA) is a kind of polyphenol existing
in a variety of natural foods. It is considered as a candidate compound
for clinical application because of its antioxidant capacity and potential
antitumor effect [3—5]. EA showed its antitumor activity by eliminating
MDR, inducing apoptosis and caspase-3 expression [6-9].
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Cervical cancer and cervical precancerous le-
sions are still a global health problem. Despite
various screening and treatment methods, cervi-
cal cancer is still the third leading cancer in the
world and the main cause of cancer in women
[10]. Cervical cancer is closely related to human
papillomavirus (HPV) infection [11]. HPV cancer
protein E6 interacts with cell protein E6AR which
is a ubiquitin enzyme that catalyzes the ubiquiti-
nation of p53 and leads to the degradation of
tumor suppressor protein [12]. Cancer involves
many signaling pathways. Therefore, the treat-
ment should include molecules that target specific
signaling pathways [13].

It is worth noting that the signal transduction
and activator of transcription (STAT3) of the mam-
malian target of serine threonine protein kinase
(Akt)/rapamycin (mTOR) has been proved to be
essential for the survival and proliferation of can-
cer cells [14]. STAT3 is continuously activated by
non-receptor tyrosine kinases such as Akt and
mTOR. The Akt/mTOR pathway has been widely
reported as an effective signal axis to promote
survival and metastasis, while new drugs specif-
ically inhibiting its activation provide a new tar-
geted treatment for many cancers [15]. STAT3 ac-
tivation can lead to the enhancement of oncogene
expression [16].

In previous reports on the role of EA and tu-
mor cells, researchers mainly used cancer cells,
such as colon, prostate, oral, pancreatic cells
and the leukemia cell line HL-60 [1, 7, 17-19].
EA extracted from pomegranate has antitumor
activity towards a variety of cancer cells. Elec-
troacupuncture induces GO/G1 arrest and apop-
tosis of human cervical cancer CaSki cells [1].
Researchers are interested in natural compounds
that enhance cancer prevention and treatment.
In this study, the Akt/mTOR/STAT3 axis was used
as the target to observe the anti-cancer effect of
electroacupuncture on Hela cervical cancer cells,
and to observe the dose-dependent induction of
apoptosis, inhibition of cell proliferation, migra-
tion and anti-tumor growth activity of electroacu-
puncture.

Material and methods
Reagents

The Hela cell line of human cervical cancer
was obtained from NCCs in Pune, India. Dulbec-
co’s modified Eagle medium (DMEM) was ob-
tained from MediaTek in Herndon, Virginia. Fetal
bovine serum (FBS), penicillin/Streptomycin were
obtained from GIBCO. Ellagic acid (EA) and stau-
rosporine were purchased from Sigma Aldrich (St.
Louis, Mo). Ellagic acid was diluted in 0.1 M NaOH
and sterile filtered through a 0.2 M nylon filter

(SMI Labhut, Gloucester, UK). Rabbit anti-Akt poly-
clonal antibody (SC-8312), rabbit anti-P-AKT poly-
clonal antibody (SC-7985) and mouse anti-p-PI3K
monoclonal antibody (sc-12929), rabbit anti-Stat3
polyclonal antibody (sc-7179), rabbit anti-p-Stat3
polyclonal antibody (sc-135649), and mouse an-
ti-EAPDH monoclonal antibody (sc-32233) were
from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Mouse anti-PI3K polyclonal antibody
(ab86714), rabbit anti-mTOR polyclonal antibody
(ab45989) and rabbit anti-pmTOR polyclonal anti-
body (ab2732) were from Abcam (BurlinEAme, CA,
USA). (3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) was from Sigma Aldrich (St
Louis, MO, USA). The TACSH annexin V (AnV) fluo-
rescein isothiocyanate (FITC) kit (4830-01-K) was
from Trevigen (EAL, MD, USA).

Cell culture and treatment

Hela cells were cultured in DMEM medium
with 10% fetal bovine serum, 100 U/ml penicillin
and 100 U/ml streptomycin (pH 7.2). Cells were
cultured in a 5% CO, humidified incubator at
37°C. The cells grew to about 70-80% and then
transferred to a 10 cm culture dish for further cul-
ture. Hela cells were treated with different con-
centrations (0 uM, 2.5 uM, 5 pM, 10 uM; O uM as
control) of EA and 5-Fu for 48 h at 37°C, 5% CO,.

Western blot analysis

After treatment, cells were rinsed with cold
phosphate buffer. On ice, they were dissolved
in RIPA buffer (50 mm Tris, pH 7.2; 1% sodium
deoxycholate; 150 mm NaCl; 0.1% sodium do-
decyl sulfate; 10 mm NaF; 1% Triton X100; 1 mm
Na,VO,; protease inhibitor mixture (1 : 1000)). The
lysate was treated with ultrasound for 10 s, centri-
fuged at 4°C for 13 000g for 10 min, and the con-
centration of BSA was determined by the method
of dioctanoic acid. The same amount of protein
was separated on the 7.5-12% twelve alkyl sul-
fate polyacrylamide gel and transferred onto the
PVDF membrane. The membrane was incubated
with PBS containing 0.05% Tween 20% and 5%
skimmed milk powder to prevent nonspecific bind-
ing, and then incubated with primary antibody,
and then combined with appropriate secondary
antibody to produce horseradish peroxidase. The
band density was quantitatively analyzed with the
density measurement software Gel-Pro Analyzer
(media control netics, MD, USA).

QRT-PCR

According to the manufacturer’s instructions,
total RNA was extracted from cultured cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The
first strand of cDNA was generated using Prime-
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Script Gamma RT Kit (Takara, Japan). We used
SYBR premier ex Taq for quantitative real-time
PCR Gamma Il (Japanese plateau). GAPDH is the
internal control of mRNA expression. The primer
sequence was designed according to the require-
ments.

Cell proliferation assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) method was used to de-
termine the inhibitory effect of EA on Hela cell
proliferation. Simply put, the cells were inoculat-
ed on 96-well plates for 12 h, treated with differ-
ent concentrations of EA for 72 h, then 50 ml of
MTT solution (DMEM w/O phenol red 5 mg/ml)
was added to each well, further incubated for 4
h, the culture medium was absorbed, 80 ml of
DMSO was added to dissolve the purple formalin
crystal, and slowly shaken in a shaker for 30 min.
The absorbance was measured at 570 nm with
a microplate reader. The cell proliferation rate was
calculated.

Transwell assay

The Hela cells were seeded on the surface of
carbonate phospholipid Transwell chambers, the
upper chamber Matrigel coated with BioCoat (BD
Biosciences, San Jose, CA). The Hela cells were cul-
tured at 37°C for 24 h. Remove the upper cham-
ber, the lower chamber of the cell invasion and 1%
paraformaldehyde mixed with 0.2% (w/w) crystal
violet staining solution for 15 min. We counted
the number of cells entering the membrane with
a microscope, randomly took 10 visual fields, and
took the average.

Cell migration assay

Hela cells were plated in 6-well plates and
grown until confluency. A scratch was made in the
confluent monolayer using a 200 pl pipet tip. The
medium was replaced with serum-free DMEM cul-
tured for 48 h.

Cell apoptosis and cell cycle assay

Hela cells were treated with EA and 5-FU of
different concentrations (0 um, 2.5 pm, 5 pm,
10 pm; O pm as control) for 48 h. Cells were col-
lected, washed with cold PBS solution three times,
fixed with 70% ethanol for 30 min, washed with
PBS solution three times according to the manu-
facturer’s instructions, and then labeled with an-
nexin V-FITC and disodium iodide (PI) (CST, USA).
Flow cytometry (BD Biosciences) was used to an-
alyze the cells. The content of DNA was detected
by PI staining and flow cytometry. The experiment
was repeated three times.

Xenograft models and
immunohistochemistry detections

Female BALB/c mice (7-8 weeks old) were pur-
chased from NBRI. The animal use procedure was
approved by the institutional Committee of the Beck-
man Institute of Hope Medical Center. Mice were
implanted with 2.5 x 106 Hela cervical cancer cells.
Mice with appropriate tumor size were randomly di-
vided into 5 groups: control group, low dose group
(50 mg/kg/day), middle dose group (75 mg/kg/day),
high dose group (100 mg/kg/day) and 5-FU group.
Mice were intraperitoneally injected with electroacu-
puncture. The tumor volume and the weight of mice
were measured every 3 days. After the mice were
killed on the 30™ day, tumor and normal tissues were
collected for molecular evaluation. Specifically, tumor
and normal tissues were fixed in 10% PBS solution,
dehydrated in 70% ethanol, embedded in 4% paraf-
fin at 4°C, and then sectioned (5 pm). The specific
antibodies p-pi3k, p-Akt, p-mTOR and p-STAT3 (cell
signal transduction) were used to stain the paraffin
removed tumor tissue. The compound of avidin bio-
tin horseradish peroxidase (CA) and diaminobiphe-
nylamine (DAP) were used as chromogenic agents.
The nuclei were re-stained with hematoxylin and the
images were taken under a light microscope.

TUNEL assay

In order to detect apoptosis in tumor tissue
treated by electroacupuncture, the TUNEL test
(dUTP nick end labeling mediated by terminal
DEOXYNUCLEOTIDYLTRANSFERASE, in situ cell
death detection kit, PDO, Roche) was carried out
according to the manufacturer’s instructions. In
short, the tumor tissue sections were dewaxed
and infiltrated, washed in PBS, and then incubat-
ed for 60 min in a labeled solution composed of
TDT and fluorescein binding deoxynucleotides at
37°C. After washing with PBS solution three times,
the slices were incubated in the solution of trans-
forming POD (anti-fluorescein peroxidase) at 37°C
for 30 min. We observed them under an optical
microscope, took photos and analyzed them with
Image J image analysis software.

Statistical analysis

The data are expressed as mean + SD. The dif-
ferences between the two groups were evaluated
by two tailed t-test or one-way ANOVA and Dun-
nett test. The difference was statistically signifi-
cant at p < 0.05.

Results
Ellagic acid inhibits proliferation in vitro

In order to determine whether electroacupunc-
ture has a direct antitumor effect on Hela cells,
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the dose-response process of Hela cells was stud-
ied. The MTT method was used to detect the cell
activity, and EA significantly inhibited the cell ac-
tivity in a dose-dependent manner (Figure 1 A).
Then flow cytometry (FCM) was used to detect
apoptosis. Flow cytometry showed that EA could
induce apoptosis of Hela cells in a dose-depen-
dent manner (Figure 1 B).

Ellagic acid induced cell cycle arrest in G2
phase

We used flow cytometry to detect DNA content
of cells to monitor the effect of EA on cell cycle
progression. The G1 phase of any given cell cycle
lasts from the end of mitosis (M phase) to the
beginning of DNA synthesis (S phase). Compared
with other stages of the cell cycle, EA with G2
phase length changed the distribution of DNA con-
tent. At 48 h after electroacupuncture treatment,
the number of cells in G2 phase increased signifi-
cantly in a dose-dependent manner (Figure 1 C).

Ellagic acid inhibits cervical cancer cell
migration and invasion abilities

Cell migration and invasion are the key to Hela
cell metastasis. We conducted wound healing and
hole experiments to study the effect of electroacu-
puncture on cell invasion and migration, and ob-
served that electroacupuncture strongly inhibited
HelLa cell invasion and migration in a dose-depen-
dent manner (Figures 2 A, B).

Ellagic acid inhibits activation of PI3K/AKT/
mTOR/STAT3 signaling in vitro

In order to investigate the regulatory mecha-
nism of the effect of EA on Hela cells, we studied
the most important carcinogenic signaling path-
way of PI3K/Akt/mTOR/Stat3. Western blot analy-
sis and QRT PCR results showed that EA decreased
the levels of phospo-PI3K, phospho-Akt and phos-
pho-mTOR in Hela cells in a dose-dependent
manner (Figures 3 A, B). Considering that STAT3
is continuously activated in a variety of cancers
(including Hela cells), we evaluated whether EA
induced tumor growth and migration inhibition
is related to STAT3 inhibition. Our results showed
that EA significantly inhibited the expression of
activated STAT3 in Hela cells (Figures 3 A, B).

Ellagic acid inhibited cervical cancer growth

in vivo

Next we evaluated whether electroacupuncture
inhibited tumor growth in vivo. Compared with the
carrier control group, ellagic acid can significantly
inhibit tumor volume, indicating that ellagic acid
can significantly inhibit the growth of cervical can-

cer (tumor volume and weight) (Figure 4 A). Im-
munohistochemical TUNEL staining also showed
that EA induced apoptosis of Hela cells (Figure
4 B). In conclusion, these data indicate that EA
has a strong antitumor effect on Hela cells. Elec-
troacupuncture can effectively inhibit the growth
of cervical cancer, which is related to the decrease
of p-PI3k, p-AKT, p-mTOR and p-STAT3 activities
in the tumor (Figure 5). At the same time, there
was no significant difference in the weight of mice
in each group, indicating that electroacupuncture
had little toxic effect on mice. In conclusion, these
data indicate that EA can significantly reduce the
growth of cervical cancer in vivo.

Discussion

Cervical cancer is a leading cause of death for
women all over the world [10]. Although the cur-
rent chemotherapy is effective in some cases, it
cannot be completely cured, and there are serious
side effects [20-23]. Therefore, the use of less tox-
ic compounds to kill cancer cells is of great value
to alternative methods with lower toxicity towards
healthy cells. Some reports show that plant-de-
rived compounds have a killing effect on cervical
cancer cells [24, 25]. In this study, we used ellagic
acid to characterize their anticancer properties.

The proliferation, migration and invasion of
cells are closely related to the progress of tumor,
so inhibiting the growth and migration of tumor
cells may be an important means to prevent tumor
progression [26]. Hela cell activity enhancement
(proliferation, invasion and migration) plays an
important role in the occurrence and development
of cervical cancer. Therefore, we studied whether
EA has antitumor activity towards Hela cells. The
results showed that EA significantly inhibited the
proliferation, invasion and migration of Hela cells.
It was also found that the Akt/mTOR/STAT3 sig-
naling pathway was significantly inhibited with EA
intervention. In addition, the effect of EA on Hela
cells may be mediated by the Akt/mTOR/STAT3
pathway.

The AKT/mTOR/STAT3 signaling pathway is
an important intracellular signaling pathway in
tumor cell growth and migration [27]. Phosphor-
ylated AKT and mTOR are transported to the nu-
cleus to transmit extracellular signals regulating
cell growth, differentiation, proliferation, apopto-
sis and migration [28]. STAT3 is considered to be
an important regulator of cytoskeleton dynamics,
transcription, cell cycle progression and cell trans-
formation [29]. STAT3 activation has been shown
to regulate the migration and proliferation of leu-
kemia cells. Therefore, drug targeting of the AKT/
mTOR/STAT3 pathway may be helpful for tumor
treatment [30]. In the current study, we found that
EA can inactivate the AKT/mTOR/STAT3 pathway.
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Figure 1. Effect of EA on Hela cell proliferation and apoptosis. A — MTT assay was performed for cell proliferation
detection. B — Hela cell apoptosis was measured by Annexin V-FITC apoptosis detection kit: NC — cells treated with
0 pM EA. Low — cells treated with 2.5 uM EA. Middle — cells treated with 5 pM EA. High — cells treated with 10 pM
EA. 5-Fu — cells treated with appropriate concentration of 5-Fu
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Figure 1. Cont. C — The effect of EA on Hela cell cycle progression was determined by flow cytometry: NC — control

group. Low — EA low-dosage group (50 mg/kg/day). Middle — EA middle-dosage group (75 mg/kg/day). High — EA
high-dosage group (100 mg/kg/day). 5-Fu — 5-Fu group. *p < 0.05, compared with NC group; **p < 0.05, compared
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Figure 1. Cont. C — The effect of EA on Hela cell cycle progression was determined by flow cytometry: NC — control
group. Low — EA low-dosage group (50 mg/kg/day). Middle — EA middle-dosage group (75 mg/kg/day). High — EA
high-dosage group (100 mg/kg/day). 5-Fu — 5-Fu group. *p < 0.05, compared with NC group; **p < 0.05, compared

with Low group; ***p < 0.05, compared with Middle group
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Figure 2. Effect of EA on Hela cell invasion and migration. A — The effect of EA on Hela cell invasion was deter-
mined by transwell assay

8 Arch Med Sci



Ellagic acid inhibited cervical cancer growth via blocking the AKT/mTOR/STAT3 pathway
Middle High 5-Fu

Low

24 h

agh B

High
100 '8
80
S
3
E 60 -
oo
£
g
T 407 Figure 2. Cont. B — Effect of EA on Hela cell mi-
3 gration was detected by wound closure assay. NC
s 20 - — cells treated with O uM EA; Low - cells treated
with 2.5 uM EA; Middle — cells treated with 5 uM
EA; High — cells treated with 10 pM EA; 5-Fu — cells
0- T T treated with appropriate concentration of 5-Fu.
0 24 48 *p < 0.05, compared with NC group; **p < 0.05,
Time [h] compared with Low group; ***p < 0.05, compared
——5-Fu  ——High —— Middle -=Llow —e—NC with Middle group

Arch Med Sci 9



Jinyu

The relative PI3K gene expression in J>
difference tissues (fold)

The relative mTOR gene expression in
difference tissues (fold)

Xia, Chunyu Xue, Jie Yu

NC

Low

Middle

* ek Kkok

T
High 5-Fu

2.0 1.5
£
<
2
i)
£3
$g 104
L >
cwn
Qo wn
o0
kil
<2
v L 057
ZE
@ o
QJ
=
=
0-
NC Low Middle High 5-Fu
1.5 < 2.0
c
2
wv
=
ao 1.5
X &
- Q
1.0 o8
c 3
& 4
= 1.0
= o
=&
0.5 ngo
2E o054
" T
[
dJ
=
0- = 0-

NC Low Middle High 5-Fu

NC

Low

Middle

High 5-Fu

Figure 3. Effect of EA on activation of PI3K/AKT/mTOR/STAT3 signaling in Hela cells. A — gRT-PCR was performed

respectively to detect PI3K, AKT, mTOR and STAT3 gene expression

10

Arch Med Sci



Ellagic acid inhibited cervical cancer growth via blocking the AKT/mTOR/STAT3 pathway

B NC Low Middle High 5-Fu

P-PI3K | S o — ——— ——

P-AKT | M com— — — —

Sl B X ..

P-STAT3 | D S S— ——

GAPDH
1.5 1.5
) =
£ £
5 5
o o
< <
S 9
= ;
Eé- *vﬁ** ek e 1 *:(i‘k* % Kok kkk
T T
NC Low Middle High NC Low Middle High 5-Fu
1.5
s g
g g
) z
* Kk
% * Kk %
o o
< <
S e
E 0.5 HAEIHE sk E 0.5 1 ] ok KKK * ok kok
& T & T
00— T 0- T
NC Low Middle High 5-Fu NC Low Middle High 5-Fu

Figure 3. Cont. B — Western blotting was performed respectively to detect phospho-PI3K, phospho-AKT, phos-
pho-mTOR and phospho-STAT3 protein expression. NC — cells treated with O uM EA; Low — cells treated with 2.5 uM
EA; Middle — cells treated with 5 uM EA; High — cells treated with 10 pM EA; 5-Fu — cells treated with appropriate
concentration of 5-Fu. *p < 0.05, compared with NC group; **p < 0.05, compared with Low group; ***p < 0.05,
compared with Middle group
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Figure 4. Effect of EA on cervical cancer growth in vivo. A — Nude mice bearing cervical tumor were treated daily
with the vehicle or ellagic acid daily by intraperitoneal administration for 30 days. Representative tumor masses
are shown. B — To test for apoptosis in EA-treated tumor tissues, TUNEL assay was performed. NC — cells treated
with O pM EA; Low — cells treated with 2.5 uM EA; Middle — cells treated with 5 pM EA; High — cells treated with
10 pM EA; 5-Fu — cells treated with appropriate concentration of 5-Fu. *p < 0.05, compared with NC group; **p <
0.05, compared with Low group; ***p < 0.05, compared with Middle group
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Figure 5. Relative protein expression in vivo. A-D — Tumor tissues were prepared for immunohistochemistry detec-
tion with specific antibodies against P-PI3K (A), P-AKT (B)
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Figure 5. Cont. P-mTOR (C), and P-STAT3 (D). It was found that ellagic acid treatment could obviously attenuate

expressions of P-PI3K, P-AKT, P-mTOR, and P-STAT3

Ellagic acid not only inhibited the growth and
migration of Hela cells, but also directly inhibit-
ed the growth of cervical cancer. EA inhibited the
migration of Hela cells. EA 100 mg/kg/day was
injected intraperitoneally once a day. The results
showed that EA had a significant inhibitory ef-
fect on the volume of cervical cancer, indicating
that EA had a significant inhibitory effect on the
growth of cervical cancer in vivo. At the same
time, the results showed that EA could significant-
ly inhibit the expression of p-PI3k, p-AKT, p-mTOR
and p-STAT3 in tumor tissue. In general, our study
shows that a non-toxic dose of EA shows strong

anti-tumor growth activity by specifically target-
ing the AKT/mTOR/STAT3 signaling pathway.
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