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Abstract

Introduction: Breast cancer cells produce exosomes
that promote tumorigenesis. The anticancer
properties of gallic acid have been reported.
However, the mechanism underlying its anticancer
effect on the exosomal secretory pathway is still
unclear. We investigated the effect of gallic acid on
exosome biogenesis in breast cancer cell lines.
Methods: The cytotoxic effect of gallic acid on MCF-
10a, MCF-7, and MDA-MD-231 cells was measured
by MTT assay after 48 hours treatment. Expression of
miRNAs including miRNA-21, -155, and 182 as well
as exosomal genes such as Rab27a, b, Rab11, Alix,
and CD63; along with HSP-70 (autophagy gene),
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was determined using Q-PCR. The subcellular distribution of it was monitored by flow cytometry
analysis. Isolated exosomes were characterized by transmission and scanning electron microscopes
and flow cytometry. Acetylcholinesterase activity is used to measure the number of exosomes in
supernatants. In addition, autophagy markers including LC3 and P62 were measured by ELISA.

Results: Data showed that gallic acid was cytotoxic to cells (P<0.05). Gallic acid modulated
expression of miRNAs and down-regulated transcript levels of exosomal genes and up-regulated
the HSP-70 gene in three cell lines (P<0.05). The surface CD63/total CD63 ratio as well as
acetylcholinesterase activity decreased in treated cells (P<0.05). The protein level of LC3 was

increased in three cell lines, while the expression of P62 increased in MCF-7 and MDA-MB-231

cancer cell lines.

Conclusion: Together, gallic acid decreased the activity of the exosomal secretory pathway in breast
cancer cell lines, providing evidence for its anti-cancer effects.

Introduction

Breast cancer, prevalent cancer, is the second cause of
death among women worldwide.! According to global
cancer statistics, more than 2 million new cases of breast
cancer patients were diagnosed in 2018.> Currently,
different treatment methods including radiotherapy,
chemotherapy, hormone therapy, and surgery are
available*; unfortunately, some patients suffer from
resistance to therapies. Therefore, breast tumor is one of
the aggressive and therapy-resistant tumors that release
more exosomes with distinct cargo upon exposure
to different therapies such as radiotherapy,>® and
chemotherapy.” Exosomes are extracellular vesicles (30-
120 nm) that originate from multivesicular bodies (MVBs)

via intrigue mechanisms and are secreted out of cells
following MVB-the plasma membrane fusion.® Several
vital mechanisms are involved in exosome formation and
release upon cells' responses to stimuli, despite the fact,
that our knowledge of this scenario is still insufficient.”*
Different molecules such as CD63 and Alix play pivotal
roles in exosomes biogenesis; and Rab proteins (Rab27,
Rab11) regulate intracellular trafficking and secretion of
MVB/exosomes.® Various miRNAs such as miRNA-21,
miRNA-155, and miRNA-182 have been shown to
regulate tumorigenesis.''> These miRNAs are non-coding
RNAs with about 22 nucleotides that target the expression
of exosomal genes post-transcriptionally."*'* In the tumor
environment, tumor cells communicate with each other
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and adjacent stromal cells through exosomes containing
biological components.”*'” Tumor cells derived exosomes
containing different types of biological molecules such
as proteins, nucleic acid, and lipids that contribute
to promoting proliferation, invasion, angiogenesis,
metastasis, and also resistance to therapies.'®

Previous studies indicated that gallic acid, a yellowish-
white crystalline phenolic compound, represents broad-
spectrum therapeutic properties like anti-carcinogenic,
anti-inflammatory, anti-fungal, anti-bacterial, anti-
tyrosinase, and anti-diabetic."”?' Besides, due to its
scavenging capacity against free radicals, gallic acid acts
as an ideal antioxidant agent and is frequently used as
a constituent of various cosmetic products. It can also
protect cells from damage induced by ionizing radiation.?
Most studies have only focused on the cytotoxic properties
of gallic acid on different cancer cells and declared that
it is a useful additive with vitamins and as a nutritional
complement to inhibit cancer metastasis and relapse.?*%
Furthermore, it was suggested that gallic acid and its
derivatives could be further developed as hopeful lead
molecules for new drug development.

Given an excellent useful profile, gallic acid is an
attractive candidate as a possible anticancer agent.
Nevertheless, there remains limited knowledge regarding
its effect on the exosomal secretory pathway. In the present
study, therefore, we studied the effects of gallic acid on the
exosomal and autophagy pathways in MCF-7 and MDA-
MB-231 cells as breast cancer cell lines and MCF-10a cells
as normal breast epithelial cells; clarifying its effects on the
viability of cells and the exosomal secretory pathway. Our
findings present new evidence for the potential effect of
gallic acid on exosome biogenesis and secretion in breast
cancer cells as well as in non-cancerous cells.

Materials and Methods

Reagents

All chemicals and reagents were used as received. The
human breast cell lines such as MCF-7, MDA-MB-231,
and MCF-10A cells were purchased from the Pasteur
Institute of Iran (Tehran, Iran). Gallic acid, Thiazolyl
blue tetrazolium bromide (MTT), TRIzol reagent,
chloroform, isopropanol, dimethyl sulfoxide (DMSO),
BSA, Chromogen substrate 1,2,4,5- tetramethyl benzene
(TMB), ethanol, and PBS were purchased from Sigma-
Aldrich Company (Munich, Germany). RPMI-1640, FBS,
penicillin, and Trypsin-EDTA were received from Gibco
Company (USA). Exosome isolation kit obtained from
Cell Guidance Systems Ltd Company (UK). Primary rabbit
LC3 antibody and primary P62 antibody purchased from
Cell Signaling Company (USA). SYBR Green High ROX
Master mix and miRNA First-Strand cDNA Synthesis Kit
obtained from Stem Cell Technology Research Center
(Tehran, Iran). cDNA synthesis kit and SYBR Green PCR
Master Mix were obtained from Yektatajhiz Company
(Tehran, Iran), Cholinesterase kit was provided from

Pars-Azmun Company (Tehran, Iran). Secondary anti-
mouse IG-FITC was obtained from Biolegend Company
(UK). Triton X-100 solution and H2SO4 solution were
purchased from Merck Millipore Company (USA).
Primary anti-CD63 antibody was obtained from Sunta
Cruz Biotechnology Inc (Germany). Horseradish
peroxidase (HRP)-conjugated goat anti-mouse secondary
antibody was received from DNAbiotech Company
(Tehran, Iran).

Cell culture and treatment

The human breast cancer cell lines MCF-7 and MDA-
MB-231 cells, and a normal epithelial cell line MCF-
10A were cultured in RPMI-1640, supplemented with
10% FBS and streptomycin, and penicillin (100 pg/100
U ml™), and incubated at 37°C in a 5% CO, incubator.
About 1 x 10° cells were cultured in each flask and
grown until confluence was reached. Every 2-3 days, the
supernatants were replaced by a fresh complete medium.
We used cells between the second and sixth passages for
experiments. Gallic acid was dissolved in double-distilled
water (ddH20) and stored at a concentration of 1000 mM
at 4°C.

Cell viability assay
Cell viability was detected by the classical MTT assay based
on the manufacturer’s directions. For example, 5000 cells
were seeded per well in 96-well cell culture plates and
kept at 37°C for 24 hours, to grow monolayer cells. After
treatment of cells with serial dilutions of gallic acid (0, 10,
20, 40, 80, 160, 320 mM) for 48 hours, the medium was
removed and 20 uL MTT solution (5 mg/mL) was added
to each well of a 96-well plate and kept at 37°C and 5% CO,
for 4 hours. Next, the medium in the wells was replaced
with 100 uL. DMSO for solubilizing the formazan crystals.
Using a microplate reader (Biotek), optical density (OD)
was recorded at 570 nm. The percentage of cell viability
was evaluated by the following equation: Viability (%) =
(OD570 of treated cells) / (OD570 of control cells) x100
Cellular cytotoxicity was assessed by the calculation of
the inhibitory concentration of the gallic acid required to
cause 50% of cells death recognized as the half-maximal
inhibitory concentration (IC50). IC50 was calculated
by GraphPad software version 8. For downstream
experiments, cells were co-cultured with IC50 gallic acid
for 48 hours.

Real-time polymerase chain reaction

For real-time PCR, initially, total RNA was isolated
from cells by Trizol reagent based on the manufacturer’s
instruction. Briefly, treated and control cells were lysed
by Trizol reagent and then the components of lysates
were separated by chloroform. Afterward, samples
were centrifuged at 12000 g for 15 minutes at 4°C and
the colorless upper aqueous phase was obtained, and
isopropanol was added for 20 minutes at -20°C. Samples
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were centrifuged and then the RNA pellet was washed
using ethanol (75%) twice. The RNA pellet was dissolved in
DEPC-treated water. The concentration and purity of total
RNA were calculated using a Nanodrop system (BioTek).
A proper amount of total RNA (1000 ng) was converted
into cDNA using a cDNA synthesis kit and miRNA First-
Strand ¢cDNA Synthesis Kit according to protocols. PCR
was done on a MIC Real-Time PCR System (Swiss), with a
PCR Master Mix for exosomal mRNA analysis and SYBR
Green High ROX Master mix for the relative expression
level of miRNAs. Expressions of mRNAs were controlled
against GAPDH and the expression of miRNAs was
normalized to that of Snord47. Relative expression was
evaluated using the 2724“* method. Primers were designed
by Oligo v7.60 software and evaluated by Primer-Blast
tool of NCBI databases (https://www.ncbi.nlm.nih.gov/).
The sequences of primers are presented in Tables 1 and
2, and the conditions for real-time PCR are presented in
Table 3.

Isolation of exosomes

Exosomes were extracted from the supernatant of treated
and control cells.*® Cells were cultured in FBS-free
medium for 48 hours. In brief, according to the exosome
isolation kit’s recommendation, cell culture supernatants
were cleared of cell debris by continuous centrifuging (300

Table 1. List of miRNA primers

x g and then 10000 x g for 10 minutes at 4°C) to remove
cellular debris. Then, the supernatant was filtered by a 0.22
um filter. Supernatants were mixed with isolation buffer
and kept overnight at 4°C. Next, samples were centrifuged
at 16000 x g for 1 hour and then precipitate dissolved in
200 uL PBS and moved onto filter columns and centrifuged
670 x g for 1 minute. Exosome pellets were suspended in
100 uL PBS and kept at 4°C for downstream studies.

Quantification of exosomes

The amount of exosome released into supernatants
of treated and control cells was evaluated using the
acetylcholinesterase activity (AChE activity) assay?®
according to the manufacturer’s recommendation for a
cholinesterase kit. Briefly, 500 pL R1 buffer was mixed
with 100 pL of exosome from each group and incubated
for 5 minutes at room temperature. Then, samples were
mixed with 20 pL R2 buffer, and absorbance was read at
405 nm at three different intervals with a microplate reader
system. AChE activity was calculated accordance with the
following formula: Activity (U/1) = AAbs/ min X 65,800

Characterization of exosomes

We used TEM (The Netherlands) and SEM (Tescan),
and flow cytometry analysis for the characterization of
exosomes. For TEM analysis, glutaraldehyde 1% was
mixed with 20 uL exosome samples with, and then placed
on the carbon grids at room temperature and were allowed
to dry. After twice washing, uranyl acetate stain 1% added

Name Sequence (5 3) Tm (°C) on samples for 10 minutes at room temperature and
miRNA-21 GGC TTG TCA GAC TGA TG 60 photographs were taken at 80 kV by a TEM system. For
miRNA-182 TTG GCA ATG GTA GAA CT 60 SEM .analy51s, briefly, exosome sample ('20 uL) was placed
on grids and then freeze-dried. After, grids coated by gold
miRNA-155 TAG GCT AAG CGT GAT AG 60 . .
and exosomes were visualized by the SEM system at 30
SNORDA7 ATCACT GTAAAA CCGTT €0 kV. For flow cytometry analysis, the primary anti-CD63
Table 2. List of miRNA primers
Genes Sense Antisense Tm (°C)
Rab27a AGAGGAGGAAGCCATAGCAC CATGACCATTTGATCGCACCAC 59
Rab27b GGAACTGGCTGACAAATATGG CAGTATCAGGGATTTGTGTCTT 59
Rab11 CCTCAGCCTCTACGAAGCAAA CCGGAAGTTGATCTCCTCCTG 59
CD63 TCCTGAGTCAGACCATAATCC GATGGCAAACGTGATCATAAG 63
Alix CTGGAAGGATGCTTTCGATAAAGG AGGCTGCACAATTGAACAACAC 63
HSP-70 GCCGAGCATTCTCTGATCCA AACACTTTCGGCTGTCTCCT 59
GAPDH CAAGTTCAACGGCACAGTCAAG ATACTCAGCACCAGCATCACC 60
Table 3. The real-time PCR conditions for mRNAs and miRNAs
Bio-materials Temperature (C°) Duration Cycles
95 5 min 1
95 10s
MRNAs
Tm 35s
40
72 20s
95 2 min 1
MiRNAs 95 5s
40
60 30s
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antibody mixed with 200 uL exosome samples for 2 hours
at 4°C. Then, samples were incubated with secondary
anti-mouse IG-FITC for 1 hour at 37°C. Expression of the
CD63 marker was detected by a BD FACSCalibur system
(BD Biosciences) and evaluated by FlowJo software
(version 7.6.1).

Flow cytometry analysis

The intracellular distribution of exosomal marker CD63
inside treated and control cells analyzed by flow cytometry.
Two protocols were planned as follows: protocol I (total
CD63): cells firstly were fixed and then permeabilized
with 0.1% Triton X-100 solution. Protocol II (surface
CD63): cells only fixed. In brief, the primary anti-CD63
antibody) was added to cell suspension and incubated
for 2 hours at 4°C. Next, cells were mixed with secondary
anti-mouse IG-FITC for 1 hour at 37°C. Finally, exosomal
marker CD63 was measured using a BD FACSCalibur
system and Flow Jo software (version 7.6.1). The data was
presented as a surface CD63/total CD63 ratio.

Enzyme-linked immunosorbent assay (ELISA)

ELISA assay was designed to measure the protein level
of the autophagic markers LC3 and P62 in treated and
control cells.** Briefly, primary rabbit LC3 antibody and
primary P62 antibody was added into each well of 96-well
plates and kept plates at 4°C overnight. Then, wells were
washed twice in PBS and 1% BSA was added to wells for
blocking the remaining free activated sites for 1 hour at
room temperature. After washing, an equal amount of
protein (30 ng) were poured into wells and kept for 40
minutes at room temperature. Next, wells were incubated
with either 100 pL of HRP-conjugated goat anti-mouse
secondary antibody and then wells were washed with PBS
twice. For 20 min, 50 uL of TMB were added. To end the
reaction, 50 pL of H2SO4 solution (5%) was added to each
well. The absorbance of wells at 450 nm was recorded by
an ELISA reader. The quantity of LC3 and P62 in treated
cells was described as the level of protein against the
control.

Statistical analysis

All experiments were accomplished in triplicate.
Measurements were presented as mean + standard
deviation (SD). A one-way analysis of variance (ANOVA)
and a Tukey post hoc test were used to analyses differences
between the multiple groups, whereas comparisons
between two groups were analyzed by the two-sided
Student’s ¢ test. The SPSS Statistics software (version 16.0)
used to analyze experimental data.

Results

Gallic acid was cytotoxic to cells

Gallic acid dose-dependently reduced the survival rate
of MCF-10a, MCF-7, and MDA-MB-231 breast cancer
cells after 48 hours as shown in Fig. 1. Compared with

the control group, cell viability values decreased in treated
MCEF-10a cells (P<0.001) (Fig. 1A). In addition, there was
a significant difference between 10 mM treated cells and
other treated cells (P<0.05). We found that the viability of
160 mM and 320 mM treated cells was low as compared
with 20 mM, 40 mM, and 80 mM treated cells (P < 0.001;
Fig. 1). There was a significant reduction in cell viability
at 320 mM (35.34 + 1.7 %) treated cells compared with
that of 160 mM treated cells (43.75 + 1.54 %) £<0.01).
Similar to MCF-10a cells, gallic acid reduced the survival
rate of MCF-7 cells in comparison with control cells (P,
and 10mM vs.20 mM < 0.0 1; PC(mtmI and 10mM vs.40mM, 80mM, 160mM, and 320mM <
0.001, Fig. 1B). As shown in Fig. 1, gallic acid declined the

viability of cells in a dose manner (P, . - @ 0
. <0.001; P

A0mM vs.160mM and 320mM < 0.001 0; P
0.01).

The same results were observed in MDA-MB-231 cells
cultured with gallic acid (Fig. 1C). Results pointed out that
MDA-MB-231 cells exhibited a significant decrease in
percentage of viability than cells of control group (P,
10mM and 20mM vs.40mM, 80mM, 160mM, and 320mM < 0'001’ Flg‘ 1)' We also
found that viability of cells in 40 mM, 80 mM, 160 mM,
and 320 mM decreased as compared to 20 mM treated cells
(PZOmM vs.40mM< 0’ 05, P20mM vs. 80mM <0'0 1 ; PZOmM vs. 160mM and 320mM <
0.001). The same results were observed when 40 mM and
80 mM treated cells were compared with 160 mM and 320
mM treated cells (P <0.001; Fig. 1). Compared to 160 mM
treated cells (58.14 £ 6.9 %), a decreased level of viability
in 320 mM cells (14.2 + 2.19 %) was observed (P<0.001).
Results indicate the viability of MCF-10a, MCF-7, and
MDA-MB-231 cells was dose-dependently reduced after
48 hours. Furthermore, results from Graph pad software
showed that gallic acid IC50 for MCF-10a (Fig. 1A), MCEF-
7 (Fig. 1B), and MDA-MB-231 (Fig. 1C) cells were 140
mM, 302 mM, and 151.6 mM for 48 hours respectively.

160mM vs. 320mM <

Gallic acid modulated expression of miRNAs in cells

Fig. 2A shows that, in MCF-10a cells treated with gallic
acid, the expression of miRNA-21 was not affected
significantly (P>0.05), however, the expression levels
of both miRNA-155 (0.31 + 0.014 fold change) and
miRNA-182 (0.39 + 0.019 fold change) significantly
decreased (P<0.01). In addition, we found that relative
expression of miRNA-21 and miRNA-155 were slightly
decreased (P>0.05), reversely, expression of miRNA-182
was increased in gallic acid treated MCEF-7 cells (P<0.05,
Fig. 2B). In MDA-MB-231 cells, we found that expression
of miRNA-21 was not affected significantly (0.76 + 0.05
fold change; P>0.05), and expression of miRNA-155
was decreased, whereas expression of miRNA-182 was
increased (P<0.05, Fig. 2C).

Gallic acid down-regulated expression of CD63, Alix,
and Rabs

We used quantitative PCR analysis to measure the
expression of genes regulating exosome secretion
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Fig. 1. The cell survival rate of MCF-10a (A), MCF-7 (B), and MDA-MB-231 (C) was evaluated in response to Gallic acid at different concentrations by MTT
assay. IC50 assay was performed after 48 h Gallic acid treatment by GraphPad (Prism) software. MCF-10a (IC50= 140 mM; A), MCF-7 (IC50= 302 mM; B),
and MDA-MB-231 (IC50=151.6; C). One-way ANOVA with Tukey test. The data is the mean + SD. *P<0.05, **P<0.01, ***P<0.001.

pathways including Rab27a, Rab27b, Rab11, CD63, and
Alix. Data showed that mRNA levels of Rab27a in treated
MCEF-10a cells were not affected significantly (0.7 £+ 0.13
fold change; P>0.05), however, mRNA levels of Rab27b
(P<0.05), Rabll (P<0.01), CD63 (P<0.05), and Alix
(P<0.05) significantly decreased (Fig. 3). In addition, we
detected the expression of Rab27a in MCF-7 cells was
decreased (0.48 + 0.02 fold change; P<0.05). mRNA level
of Rab27b (0.56 + 0.034 fold change) was lower in treated
MCEF-7 cells, while mRNA level of Rab11 (1.7 + 0.075 fold
change) increased in gallic acid-treated cells as compared
with non-treated control cells (P<0.05). Similar to MCF-
10a cells, expression of Alix and CD63 decreased in treated
cells (P<0.01 and P<0.05 respectively).

As shown in Fig. 3, gallic acid did not affect the
expression of Rab27a and Rabll in MDA-MB-231 cells
(P>0.05), conversely, it decreased the expression of
Rab27b, CD63, and Alix (P<0.05). These results indicate
gallic acid could decrease the expression of genes involved
in the exosomal secretory pathway.

Gallic acid altered the intercellular distribution of CD63
in treated cells

We used flow cytometry analysis to further monitor
the distribution of exosomal marker CD63 inside cells
following exposure to gallic acid. For this purpose, the
total and surface CD63 were measured by permeabilizing
or nonpermeabilizing methods, respectively (Fig. 4A).
As compared to the control cells, flow cytometry analysis
showed that the surface CD63/total CD63 ratio was
considerably decreased in the treated cells (P <0.05; Figs.
4B, C, D). This observation suggested an increase in the
cell-surface CD63 accumulation in gallic acid-treated
cells.

Gallic acid reduced AChE activity in exosome

AChE is an enzyme that is associated with exosomes®
and AChE activity could serve as a sign of the amount
of secreted exosomes.*! Data showed that the AChE
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Fig. 2. Relative quantitative expression of oncogenic miRNAs including
miRNA-21, miRNA-155, and miRNA82 in three cell types; MCF-10a (A),
MCEF-7 (B), and MDA-MB-231(C). Student’s t test. The data represent the
mean + SD from three independent experiments. *P<0.05, **P<0.01.
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activity of treated three cell lines decreased as compared
to corresponding control cells (P < 0.05, Fig. 5B).

Characterization of purified exosomes

We characterized exosomes released from cells according
to International Society for Extracellular Vesicles (ISEV)
guidelines by SEM, TEM, and flow cytometry techniques.
SEM and TEM showed the round shape and nano-scale-
sized exosomes derived from MCE-7 cells (Fig. 6A, 6B).
Immunophenotyping by flow cytometry confirmed the
CD63 marker in isolated exosomes (Fig. 6C).

Gallic acid altered mRNA level of HSP-70 gene and
protein levels of LC3 and P62 in cells

We further investigated the levels of autophagy markers
in gallic acid-treated cells (Fig. 7 I, II). Real time-PCR
showed that the mRNA level of HSP-70 increased in
treated cells (The >1.32-fold for MCF-10a, the >1.6-fold

for MCF-7, the >1.8-fold for MDA-MB-231) (P<0.05, Fig.
7A, 7B, and 7C). In addition, ELISA showed that levels of
LC3 and P62 increased and decreased in treated MCF-10a
cells, respectively (P<0.05; Fig. 7D). Levels of both LC3
and P62 proteins increased in MCF-7 and MDA-MB-231
cells against control cells (P<0.05, Fig. 7E, 7F). Gallic acid
has been identified as a cellular stressor that modulates
autophagy in cells.

Discussion

The effect of gallic acid on exosome biogenesis and secretion
in breast epithelial cells remains elusive. In our study,
gallic acid was initially found to be cytotoxic to cells for 48
hours. Gallic acid dose-dependently decreased the viability
of cells (Fig. 1), which is in excellent agreement with the
previous reports on breast cancer cells.*>** Rezaei-Seresht
et al showed that gallic acid decreased the proliferation of
MCE-7 cells and induced apoptosis through the intrinsic
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t-test. The data represent the mean + SD. *P<0.05.

apoptotic signaling pathway.”” In addition, gallic acid has
been shown to inhibit cancer cell survival via suppressing
NFkB pathways like MEK1, JNK1/2, and p90RSK.* Based
on the IC50 data (Fig. 1), gallic acid is preferentially
cytotoxic to cells, therefore, it seems that breast cancer
cells (302 mM and 151.6 mM) are more resistant to
gallic acid rather than MCF-10a (IC50:140mM) cells
after 48 hours treatment. miRNAs participate in several
cellular activities including proliferation, metastasis,
differentiation, and chemoresistance.”*® We propose
that gallic acid may directly affect oncogenic miRNAs
such as miRNA-155, miRNA-21, and miRNA-182. We
found that expression of miRNA-21 was not affected
in both treated MCF-10a and MDA-MB-231 cells but
decreased in MCF-7 cells. Besides, the expression of
miRNA-155 decreased in MCF-10a and MDA-MB-231
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Fig. 5. Measurement of exosomes in supernatants of cells by
acetylcholinesterase (AChE) activity assay. MCF-10a (A), MCF-7 (B),
and MDA-MB-231 (C). Student’s t test. The data present the mean + SD.
*P<0.05.

cells, while was not altered in MCF-7 cells. The expression
of miRNA-182 was increased in MCF-7 cells and MDA-
MB-231 cells but was decreased in MCF-10a cells (Fig. 2).
These miRNAs are oncogenic,” chemoresistances,'>* and
angiogenic*' molecules that are implicated in promoting
tumorigenesis. Most likely, this is the first report and their
expression patterns may be related to cell type. Therefore,
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Fig. 6. Characterizing of purified exosomes from MCF-7 cells using
transmission electron micrographs (A), scanning electron micrographs (B),
and flow cytometry analysis for CD63 marker (C).
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Fig. 7. Relative quantitative expression of HSP-70 genes in three cell lines;
MCF-10a (A), MCF-7 (B), and MDA-MB-231(C). Detection of autophagy
markers like LC3 and P62 in three cell types by ELISA (enzyme-linked
immunosorbent assay); MCF-10a (D), MCF-7 (E), and MDA-MB-231(F).
Student’s t-test. The data represent the mean + SD from three independent
experiments. *P<0.05.

further scrutiny is essential to elucidate the underlying
mechanisms behind the diverse expression patterns of
these miRNAs in different breast cancer cells. Since stress
conditions such as exposure to the exogenous compound
are capable of affecting the exosome signaling pathway,
we seek to monitor the possible effect of gallic acid on
exosome biogenesis and secretion.

We found that gallic acid treatment down-regulated
key genes involved in exosome biogenesis and
secretion. Tumor cells produce abundant exosomes to
communicate with other cells and promote tumorigenesis
and resistance to therapies.”” Different Rab-GTPase
proteins are involved in the intracellular trafficking of
MVB/exosomes."> For example, Rab27b mediates the
movement of MVB/exosomes from the prenuclear area
to the plasma membrane,”* while Rab27a and Rabll
regulate the plasma membrane and MVB fusion.”** As
shown in Fig. 3, expression of Rab27a was not affected
in treated MDA-MB-231 and MCEF-10a cells however
were decreased in MCf-7 cells. Rab27b gene was down-
regulated in all three cells, however, Rab11 decreased in
MCF-10a cells and increased in MCF-7 cells, and was not
affected in MDA-MB-231 cells. It may be assumed that
the expression pattern of Rab proteins depended on cell
type. We found that the transcript levels of CD63 and
Alix genes simultaneously with CD63 protein levels were
decreased in treated cells. It was confirmed that CD63,
a tetraspanin protein located on MVB and exosome
membranes,* and Alix* are involved in exosome loading
and biogenesis. A decrease in expression of these genes
may indicate a reduction in exosome formation, loading,
and secretion. Commensurate with these findings, we
observed a decrease in surface CD63/total CD63 fraction
in cells incubated with gallic acid (Fig. 4), representing
the reduction of MVB/exosomes fusion with the plasma
membrane upon exposure to gallic acid. Moreover, the
activity of AChE, an exosome-associated enzyme, was
reduced (Fig. 5), demonstrating a decreased exosome
secretion rate in treated cells. Overall, these data support
the idea that gallic acid is able to inhibit the biogenesis and
abscission of exosomes in cells.

Furthermore, we found that gallic acid-induced
autophagy in cells by modulating the expression of HSP-
70, LC3, and P62 molecules (Fig. 7). Similarly, previous
studies indicated that gallic acid increased autophagy
both in vitro and in animal models.***” We found that the
transcript level of the HSP-70 gene increased in treated
cells (Fig. 7). Abdelwahab et al demonstrated that gallic
acid modulated expression of the HSP-70 in rat gastric
lesion model.*® HSP-70, heat shock protein, facilitates
the degradation of irreversibly denatured proteins, which
accumulate inside cells in response to stress conditions.*
Hsp-70 mediates suitable assembly, conformation, and
transport of proteins; and autophagy eliminates proteins
and organelles that are no longer useful or necessary
and recycles their components, thus, autophagy and
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HSP-70 under stress conditions complement each
other to maintain cell homeostasis.® Autophagy is a
multi-step process and is known to play a pivotal role
in conserving the homeostasis of tumor cells under
different stress conditions, like nutrient insufficiency,
chemotherapy, and radiotherapy.”** In the initiation step,
LC3 in the conjugation system contributes to inducing
autophagosome biogenesis.” Thus, LC3 is considered a
marker of an early stage of autophagy.”” P62, known as
sequestosome 1 (SQSTM1), is involved in the final step
of autophagy and indirectly mediates the fusion of the
autophagosome with thelysosome.* In fact, the P62 protein
directly cooperates with GABARAP family proteins and
also LC3, and transfers ubiquitinated molecules into the
lysosomes.* In keeping, P62 is hydrolyzed by autophagy
and then is accumulated when autophagy is suppressed
and its decrease is correlated with autophagy initiation
step.”® The preliminary results of our study showed that
gallic acid promoted autophagy flux in MCF-10a cells.
However in MCF-7 and MDA-MB-231 cells, gallic acid
induced the early step of autophagy by up-regulation of
LC3 protein, while the lysosome-autophagosome, which
is the final step of autophagy, was inhibited as shown by
increase of P62 after 48 hours treatment. Nevertheless,
these findings are preliminary and further studies are
essential.

In summary, by studying gallic acid-treated three cells,
we shed light on the cellular mechanism of exosome
biogenesis inside breast cancer cells and non-cancerous
cells. We showed that gallic acid treatment decreased
the activity of the exosomal secretory pathway as well
as exosome secretion. Presumably, these features could
be beneficial in using gallic acid as a tool for reducing
side effects and increasing the efficacy of therapies as
radiotherapy and chemotherapy through inhibiting
exosome biogenesis and secretion from cancer cells.
In addition, as we know that autophagy facilitates the
degradation of damaged molecules and organelles,”
and represents crosstalk with exosome biogenesis, and
synergically promotes cellular homeostasis through
removing damaged biomolecules.®® Further, the
coordination between autophagy flux and the exosomal
secretory pathway is a synchronized route, therefore,
deficiency in exosome biogenesis is compensated by
autophagy flux and vice versa.”” We would assume that
gallic acid decreased activity of the exosomal secretory
pathway and blocked autophagy after 48 h of treatment.

Conclusion

Our findings suggest that gallic acid can decrease exosome
biogenesis and secretion in all three cell lines. In addition,
it was capable of blocking autophagy in both MCF-7 and
MDA-MB-231 cancer cells. These results thus highlight
its favorable features for designing supplementary novel
cancer treatment approaches. Further studies, which take
in vitro and in vivo examinations into account, especially

Research Highlights

What is the current knowledge?

v Breast cancer is an aggressive and therapy-resistant tumor.
V Breast cancer cells abundantly produce exosomes that
support tumor growth.

v Gallic acid has anti-cancer properties.

What is new here?

v Gallic acid IC50 values of breast cancer cell lines are more
than normal breast cancer cell line

vV Gallic acid inhibits the activity of the exosomal pathway
and decreases exosome secretion in cells.

v Gallic acid affected miRNAs expression patterns in cells.

V Gallic acid regulated autophagy in cells.

V A decrease in the activity of the exosomal pathway may
correlate to the anticancer effects of gallic acid.

those combined with common therapies, will need to be
undertaken.
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