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Ellagic acid inhibits cell proliferation, migration,
and invasion in melanoma via EGFR pathway
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Abstract: Ellagic acid (EA), a polyphenolic compound from pomegranate fruit extracts, has been reported to pos-
sess anti-proliferation, pro-apoptosis, and anti-invasion effects on many cancers. However, its effect on melanoma
is yet to be clarified. In the present study, we investigated the anti-cancer effects of EA on melanoma cells in vitro
and in vivo. The results indicated that 40 uM of EA significantly inhibited the proliferation, migration, and invasion
of WM115 and A375 cells. The EA treatment significantly decreased the expression of p-EGFR and Vimentin, but
increased the expression of E-cadherin in both cell lines. We further found that EGFR activation significantly abol-
ished the effect of EA on WM115 and A375 cells. Moreover, EA treatment impaired in vivo tumorigenesis of A375
cells. Moreover, elevated pEGFR expression was an independent detrimental factor for melanoma patients. Taken
together, our study provided evidence that EA treatment inhibits the migration, invasion and proliferation of mela-
noma cells via EGFR signaling pathway. These findings strongly suggested that EA might be useful for the develop-

ment of new therapeutic strategies at melanoma.
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Introduction

Melanoma is a highly lethal cancer, and the
number of newly diagnosed cases of melano-
ma in the world is as high as 80,000 every
year. The incidence of melanoma is annually
increasing at a rate of 4.1%, and it is faster
than any other malignancies. From the dis-
tribution of melanoma in various parts of the
world, environmental and genetic factors play
significant roles in the pathogeny of Melano-
ma. Many therapeutic approaches may impro-
ve patients’ survival, including surgical resec-
tion, immunotherapy, biotherapy, radiation, or
chemotherapy [1, 2]. As the understanding of
the molecular biology of melanoma is further
deepened, some specific drugs targeting me-
lanoma have been developed and undergone
clinical trials.

Several natural products, including fruit and
vegetable components, could prevent the de-
velopment of various types of cancer. Ellagic
acid (EA) is a kind of natural polyphenol com-
pound with a wide range of pharmacological

effect. At present, many reports have showed
that EA inhibited the activity of tyrosinase and
blocked the formation of melanin. The antican-
cer activity of EA has been studied and the
results showed that EA can significantly redu-
ce the growth rate of tumor cells and promote
their apoptosis. It has been also reported that
EA may exert effect on melanoma cells.

Receptor tyrosine kinase epidermal growth fac-
tor receptor (EGFR) belongs to the ErbB recep-
tor family, which also includes three other me-
mbers, ErbB2 (HER2), ErbB3 (HER3), and ErbB4
(HER4) [3]. EGFR is usually strongly activated in
various tumorigenic processes [4], which also
participates in the development and metasta-
sis of melanoma [5, 6]. Bankfalvi et al found
that over-expression of EGFR in tumor cells
enhanced the adhesion of the tumor cells to
the extracellular matrix and promoted distant
metastasis of tumor cells [7]. High positive rate
of EGFR is detected at advanced TNM stages,
indicating that over-expression of EGFR not
only promotes the proliferation of tumor cells,
but also is closely related to the invasion and
metastasis of tumors [8, 9].
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However, the molecular mechanism involved in
the effect of EA on melanoma is still far from
elucidation. We hypothesized that EA could
inhibit the proliferation and invasion of mela-
noma cells via targeting EGFR. First of all, we
first examined the effect of EA on cellular
behaviors, the expression levels of EGFR and
EMT makers in melanoma cells. Thereafter, we
silenced EGFR expression in melanoma cells,
and measured the effect of EA on cellular func-
tions and EMT in vitro and in vivo.

Materials and methods
Cell culture

The human melanoma cell lines A375 and
WM115 were obtained from the Cell Bank of
Type Culture Collection of Chinese Academy of
sciences (Shanghai, China), which were main-
tained in Dulbecco’ s modified Eagle’ s medi-
um, and supplemented with 10% foetal bovine
serum and Penicillin/Streptomycin (10 mg/mi
solution diluted 1:100) and grown in a humidi-
fied atmosphere at 37°C under 5% CO,,.

For EGFR activation treatment in vitro, EGFR
activation in EA treated cells was achieved by
specific agonist treatment (NSC228155, 100
UM, Selleckchem). DMSO (0.02%) was used as
a control. Typically, the medium was replaced
every 24 h with fresh medium. Cells were har-
vested 48 h after agonist treatment for further
examinations.

Cytotoxicity and growth inhibition assay

The cells were plated at 2.5x102 cells per well
in 96-well plates. After 12 h or 24 h, various
concentrations of EA were added into the
wells. The cells were incubated for 48 h at
37°C, then cell growth were assessed by solu-
tion formazan formation, WST-1 colorimetric
assay (Roche, Mannheim, Germany). In each
experiment, determinations were carried out
in triplicate.

Cell migration and invasion assay

In order to evaluate cell migration, wound heal-
ing assay is performed. Cells were seeded into
each chamber at densities of 1x10° cells/ml
and grown to > 80% confluence. Then, cell
monolayers were wounded by sterile plastic
pipette tips and washed with PBS twice to
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remove floating cells. Cells were treated with
serum-free medium (control), 180 uM Erlotinib
Hydrochloride (also called as CP-358774, MCE,
NJ) or 40 uM EA and cultured for another 48
hours. Images were analyzed using by the
TScratch software, and rates of cell migration
were determined by counting cells in the gaps
using Image J software (NIH, Bethesda, MA).

The analysis of the invasion ability of melano-
ma cells was performed using transwell assay.
Melanoma cells (2x10%), treated with serum-
free medium (control), CP 180 uM or EA 40 uM,
were plated in the upper chamber, a BioCoat™
Matrigel™ Invasion Chamber (BD Biosciences)
with inserts containing an 8-um-pore-sized
membrane with a thin layer of Matrigel in the
24-well Transwell plate filled with 500 pL
serum-free RPMI1640 medium. In the lower
chamber, 750 uL of the 10% FBS-containing
medium were added. After cells were cultured
for 24 h, the invaded wells were counted under
microscopic observation using a Diff-Quick
staining kit (Sysmex, Kobe, Japan).

Western blot

Proteins were harvested from cells and animals
with M-PER® Mammalian Protein Extraction
Reagent (Thermo Scientific, IL). 30 pg of pro-
teins was separated on a 12% sodium dodecyl
sulfate polyacrylamide gel and electroblotted
on a PVDF membrane. The membrane was
blocked overnight at 4°C with 5% fat-free dry
milk in PBS and incubated with primary anti-
bodies. Following incubation with secondary
rabbit. Cross-reactivity was visualized using
ECL western blotting detection reagents and
then analyzed via scanning densitometry using
a Tanon image system. p-EGFR (phosphor-
Y1068) (ab182618, 1:200, Abcam), EGFR (ab-
32077, 1:1000, Abcam), B-catenin (ab6302,
1:1000, Abcam), Vimentin (ab137321, 1:1000,
Abcam), E-cadherin (ab1416, 1:1000, Abcam),
GAPDH (10494-1-AP, 1:1000, Proteintech).

Immunohistochemistry staining

Paraffin sections (4 pm thick) were deparaf-
finized in xylene and rehydrated in grade alco-
hol, followed by boiling in 10 mmol/L of citrate
buffer (PH 6.0) for antigen retrieval. After inhibi-
tion of endogenous peroxidase activities for 30
min with methanol containing 0.3% H.O,, the
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sections were blocked with 2% bovine serum

Am J Transl Res 2020;12(5):2295-2304



Inhibitory effects of EA on melanoma

B
A 0
= 1504
OH B 3 WM115
0 g BB A375
o
‘s 100
B
HO OH =
s
r 50+
2
3
7]
o 3
HO S o
0
G WM115.0d WM115.control-2d WN115.CP(1804M)-2d WV 15-EA4OpM) 2 15
’ 3 control
;‘; E& CP (180uM)
=D B8 EA (40uM)
8 ;
1
A375 control - 2d ASTE-CP(180pM)-2d A3T6-EA(AOPM)-2d g 0.5 i
D WM115-control1d WM116-CP(180uM)1d WM115-EAGORM)1d

3 control
E3 CP (180uM)
EZ8 EA (40uM)

ASTS.CP(180uMMd

Control
2 CP (180LIM)
B EA (40uM)

EGFR ‘e w— w—
B-catenin " , s iy

E-cadherin wes - amms— am—""

Relative Expression Level

VIMEntin ee— s o

GAPDH o o S
WMI1S

ta

F > & S

RS ] 5

OOQ QQ\' Q,?‘\

P-EGFR " s

S
\?‘\ [ Control

E=& CP (180uM)
E& EA (40uM)
EGFR e — — 1
B-catenin .. e == 2

E-cadherin = L — —

Relative Expression Level

Vimentin e oo s
GAPDH [l - —
A375

2297 Am J Transl Res 2020;12(5):2295-2304



Inhibitory effects of EA on melanoma

Figure 1. EA suppresses proliferation, migration, invasion, and the expression of EGFR and EMT markers in WM115
and A375 cells. A. The structure of EA. B. The cells were incubated with various concentration of EA for 48 h and
then the cell growth was assessed by MMT assay. The results are expressed as a percentage of the untreated cell
(O uM). C. Wound healing assay was used to examine the migratory potential of WM115 and A375 cells. After 48
h for the migration assays, WM115 and A375 cells migration was reduced by EA. D. Transwell invasion assay was
performed to detect the invasive potential of WM115 and A375 cells. After 24 h for the invasion assays, WM115
and A375 cells invasion was reduced by EA. E, F. Western blot was used to assess the expression and phosphoryla-
tion status of EGFR and EMT markers (B-catenin, E-cadherin, and Vimentin). Note that phosphorylation of EGFR,
B-catenin, and Vimentin were reduced, and E-cadherin was increased by EA.

albumin for 30 min and incubated overnight at
4°C with primary monoclonal antibody for
p-EGFR (phosphor-Y1068) (ab182618, 1:200,
Abcam). After washing thrice with PBS, the
slides were incubated with HRP polymer-conju-
gated anti-rabbit secondary antibody for 30
min, followed by reaction with diaminobenzib-
ine and counterstaining with Mayer’s hematox-
ylin. Negative control was done by omission of
the primary antibody and substituting it with
nonspecific rabbit I1gG.

Animal experiments

Procedures for animal experiments were all
approved by the Institutional Animal Care and
Use Committee at Jiangjin District Central
Hospital. The mice were 4-6 weeks of age and
housed on a 12-hour light dark cycle with food
and water. All mice were fed with a standard
caloric diet for their age, were randomly divided
into three groups and given respectively 1x10°
A375 cells by subcutaneous injection in the
right flank area of the mice. Tumors were
inspected 5 to 6 days after inoculation. The
tumor inoculation efficiency was approximately
75%. When tumors reached nearly 2-4 mm in
diameter, three groups mice were respectively
split into sterile water, 70 mg/kg EA, and 150
mg/kg EA by gavage with 10 mli/kg/d.

The injections were continued for 30 days, with
a total of 6 animals per group used for the
experiment. The tumor dimensions were mea-
sured every three days, in order to estimate the
volume we considered the tumors as prolate
spheroids with volume equal to (4/3)*mab?,
where a is the measurement for the long semi-
axis and b is the measurement for the short
semi-axis.

Statistical analysis

Data were analyzed with statistical software
Graphpad prism Ver. 6.04 (GraphPad Software,
San Diego, CA) and results were expressed as
mean values = SEM. Student’s t test was
employed for intergroup comparison. Corre-
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lation was evaluated using Pearson’s correla-
tive analysis. P < 0.05 was considered statisti-
cally significant.

Results

EA inhibited cell proliferation, invasion and mi-
gration of melanoma cells

To investigate the anti-cancer effect of EA
(Figure 1A) on melanoma, human WM115 and
A375 melanoma cells were treated with in-
creasing concentrations (0-80 uM) of EA for
48 h. An MTT assay was used to determine cell
viability and a dose-dependent decrease in cell
survival was observed in A375 and WM115
cells (Figure 1B). The results revealed that 40
UM and 80 uM EA treatment resulted in death
of > 50% of cells, and 40 uM EA treatment was
used to subsequent experiments.

Wound healing assays were performed to in-
vestigate the effect of EA on malignant mela-
noma cell migration in vitro. Each cell line is
compared as Day O (starting point) and Day 2
for both malignant cell lines (Figure 1C). Cells
treated with CP 180 uM and EA 40 uM were
compared with their respective controls. The
areas of the scratch (wound) were calculated
and compared to determine the statistical sig-
nificance (Figure 1C, Right). We found that both
inhibitors significantly reduce the wound clo-
sure of both cell lines compared to respective
controls (Figure 1C, Right).

Transwell assays were performed to investigate
the effect of EA on the invasion of malignant
melanoma cells in vitro. Invading cells on the
bottom chamber were stained with crystal vio-
let and images were taken in randomly chosen
fields as the visual representation of the inva-
sion assay. It was showed that invading cells
were respectively reduced by about 50% in CP
(180 uM) or EA (40 uM) treated WM115 and
A375 cells compared to the control (Figure 1D).
These results suggested that both drugs are
equally effective in reducing cell migration in
vitro.
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Figure 2. EGFR activation abolishes the effect of EA on migration, invasion and the expression of EGFR and EMT
markers in WM115 and A375 cells. A, B. Western blot was performed to examine the phosphorylation status of
EGFR and the expression of EMT markers after NSC228155 treatment in EA treated WM115 and A375 cells. Note
that the phosphorylation of EGFR, B-catenin, and Vimentin were significantly increased by NSC228155 treatment,
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and the expression of E-cadherin was significantly decreased. C, D. Wound healing assay was performed to assess
the migratory potential of EA treated WM115 and A375 cells after NSC228155 treatment. The migration potential
of EA treated cells was increased by NSC228155 treatment. Transwell invasion assay was employed to assess the
invasive potential of EA treated WM115 and A375 cells after NSC228155. Cell invasion of EA treated cells was
increased by NSC228155 treatment.
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Figure 3. EA impairs the tumorigenesis of melanoma cells in vivo. A and B. Statistical analysis of xenograft tumor
sizes and weights show that a significant impairment in tumorigenesis of WM115 and A375 cells treated by EA.
C. Western blot was performed to examine the phosphorylation status of EGFR and E-cadherin in xenigraft tumor
samples. Note that EGFR phosphorylation was significantly reduced, and E-cadherin was significantly increased by
EA in vivo.

EA attenuated EGFR phosphorylation and cell
EMT of melanoma cells

EGFR in WM115 and A375 cells, which were
treated with 40 uM EA, and examine the cells
migration, invasion, and proliferation. As a re-
sult, the phosphorylation of EGFR was signifi-
cantly increased by NSC228155 administra-
tion (Figure 2A, 2B). Elevated B-catenin and
Vimentin was observed with EA (40 uM) and
NSC228155 combined administration, where-
as decreased E-cadherin expression in wes-
tern blot analysis (Figure 2A, 2B). These resu-
Its support enhanced EGFR expression parti-
cipates in the EMT of melanoma cells, which
was blocked by EA treatment.

Expression levels of EGFR and EMT markers
(B-catenin, E-cadherin and Vimentin) were de-
tected by western blot from CP or EA treated
WM115 and A375 cells. Western blot analysis
demonstrated a significantly decreased phos-
phorylation of EGFR, adhesive factors [-cat-
enin, and mesenchymal marker Vimentin, and
conversely, increased expression of epithelial
maker E-cadherin compared to control in
WM115 and A375 cells (Figure 1E, 1F).

EGFR activation abolishes the suppression on

proliferation, migration, invasion, and EMT of
melanoma cells treated with EA

To examine the impact of EGFR on EA treated
melanoma cells, we enhanced expression of
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Moreover, wound healing and transwell assays
demonstrated that enhanced EGFR activation
abolished the effect of EA on cell migration and
invasion in WM115 and A375 cells (Figure 2C,
2D). Taken together, these data suggested th-
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Figure 4. Elevated pEGFR expression is an independent detrimental factor
for melanoma patients. A. IHC analysis of pEGFR expression in melanoma
tissues. Representative images of melanoma tissue with positive and nega-
tive expression are presented. Scale bars represent 100 um. B. The overall
survival and metastasis-free survival of melanoma patients were analyzed
with Kaplan-Meier analysis. Positive pEGFR expression was correlated with
poor patient survival (P = 0.003, P = 0.002, respectively).

at EA suppresses the migra-
tion, invasion, and EMT by de-
creasing activation of EGFR.

EA impairs the tumorigenesis
of melanoma cells in vivo

A nude-mice A375 xenograft
model was used to further
determine whether EA treat-
ment affected the tumorigen-
esis of melanoma cells in vivo.
In line with in vitro results,
EA significantly reduced xeno-
graft tumor sizes and wei-
ghts in vivo (Figure 3A, 3B).
Moreover, western blot also
indicated that EA treatment
significantly inhibited EGFR
phosphorylation and increas-
ed E-cadherin in vivo (Figure
3C). These data confirmed th-
at EA suppresses tumorigene-
sis via EGFR signaling path-
way.

Elevated pEGFR expression
was an independent detri-
mental factor for melanoma

Table 1. Correlation of pEGFR expression with
clinicopathological characteristics of mela-
noma patients

o pEGFR
Characteristic Cases —
Positive (%) P-value

Total 104 35 (33.65)

Age

<57 51 17 (16.35) 0.946

> 57 53 18 (17.31)

Gender

Male 67 21(20.19) 0.502

Female 37 14 (13.46)

TNM stage

-1 53 23(22.12) 0.367

I-1Iv 51 12 (11.54)
Ulceration

No 42 12 (11.54) 0.032

Yes 62 23(22.12)

LN metastasis

Yes 57 23(22.12) 0.111

No 47 12 (11.54)
2301

patients

Our study collected totally 104 melanoma pa-
tients for further clinicopathological analysis.
The cohort included 67 men and 37 women,
and the age was ranging from 18 to 87 years
(mean 58.70). All patients were followed up
every three months and the mean survival time
was 38.15 (0.5-69.2) months after diagnosis.
IHC staining for pEGFR was performed with
melanoma specimens, which showed 35 cases
were positive for pEGFR (33.65%) (Figure 4A).
Further analysis was performed for the correla-
tions between pEGFR expression and clinico-
pathological parameters, which showed signifi-
cant correlation with ulceration, whereas no
significant correlation with age, gender, clinical
stage and sentinel node metastasis (Table 1).
However, univariate survival analysis indicated
pPEGFR expression was a prognostic factor for
poor metastasis free survival (HR =2.118, 95%
Cl: 1.279-3.507, P = 0.004) and overall survival
(HR=2.272,95% CI: 1.323-3.904, P = 0.003).
Multivariate analysis also supported pEGFR ex-
pression was an independent prognostic fac-
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Table 2. Cox regression analysis of pEGFR expression in metastasis free survival and overall survival
estimation of melanoma patients

Metastasis free survival Overall survival

HR 95.0% CI p HR 95.0% ClI P

Univariate analysis

pEGFR 2.118 1.279-3.507 0.004 2.272 1.323-3.904 0.003
Multivariate analysis

Age 1.245 0.736-2.105 0.414 1.049 0.603-1.826 0.865

Gender 0.930 0.512-1.687 0.810 1.397 0.78-2.499 0.261

Stage 4.548 1.305-15.852 0.017 0.692 0.138-3.468 0.654

Ulceration 1.191 0.703-2.016 0.516 1.888 1.049-3.397 0.034

Lymph 0.532 0.170-1.663 0.278 1.994 0.407-9.769 0.395

pEGFR 3.010 1.671-5.422 0.000 2.146 1.207-3.818 0.009

Cl, confidence interval; HR, hazard ratios; Lymph, sentinel node metastasis. The variables were compared in the following
ways: Age, < 57 years vs. > 57 years; Gender, male vs. female; Stage, I-1l vs. IlI-IV; Ulceration, no vs. yes; Lymph, no vs. yes;

pEGFR, positive vs. negative.

tor for poor metastasis free survival (HR =
3.010, 95% CI: 1.671-5.422, P < 0.001) and
overall survival (HR = 2.146, 95% Cl: 1.207-
3.818, P =0.009) (Table 2). Kaplan-Meier anal-
ysis indicated the patients with pEGFR positive
tumors showed worse prognosis than those
with negative ones (Figure 4B). Taken together,
elevated pEGFR expression was an indepen-
dent detrimental factor for melanoma patients.

Discussion

EA is a kind of natural Polyphenolic phytoch-
emicals compounds which play critical func-
tions in protecting plants from microbial infec-
tions, preventing ROS stress, or deterrence of
herbivores [10-12]. Notably, growing evidence
shows that EA exert its chemopreventive effect
against different types of cancers in preclinical
studies. However, therapeutic function of EA in
melanoma remains poorly studied.

Melanoma is the most aggressive malignancy
arising from skin. Although local pathological
change of malignant melanoma can be cured
by surgical operation, the prognosis becomes
poor once metastasis occurs [13, 14]. Metas-
tasis is one of the main obstacles to improve
the therapeutic effect of tumor, which led to
the death of 90% of human tumors. It is well
established that EMT is the initiation of tumor
invasion and metastasis, during which tumor
cells probably gain enhanced migration, inva-
sion, proliferation and/or anti-apoptosis prop-
erties [15-18]. There is cumulative evidence
that the expression of EGFR is related to the
growth and metastasis mechanism of various
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tumors. EGFR has become a marker of poor
prognosis in many kinds of cancer, including
breast cancer [19], glioma [20], squamous cell
carcinoma [21], and larynx cancer [22]. Previ-
ous reports indicated over-expressed EGFR in
malignant melanoma was related to the me-
tastasis and invasion [5, 23-25]. In this study,
we provided further evidences that elevated
PEGFR expression was an independent detri-
mental factor for melanoma patients.

In the present study, we used WM115 and
A375 cells to address cancer-suppressing ef-
fects of EA, and revealed a novel molecular
mechanism underlying the antitumor activity
of EA in WM115 and A375 cells. The data sh-
owed that EA can inhibit the proliferation of
WM115 and A375 cells with time and concen-
tration gradient, and the immunohistochemical
results of Ki67 were also verified. We next con-
firmed migration and invasion-inhibitory func-
tion of EA via Transwell in WM115 and A375
cells. We speculated that EA might contribute
to suppress cell invasion by decreasing the
expression of EGFR. As we expected, EGFR was
over-expressed in WM115 and A375 cells, and
EA decreased the expression of EGFR. When
EGFR expression was knocked down, the prolif-
eration and invasion of WM115 and A375 cells
were weakened, and EA enhanced the effect.
Moreover, animal experiments further verified
our speculations.

Taken together, our study revealed that EA
inhibits melanoma cell proliferation and inva-
sion via decreasing the activation of EGFR.

Am J Transl Res 2020;12(5):2295-2304
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Therefore, the administration of EA might serve
as a potential adjuvant therapeutic strategy for
melanoma patients.
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