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Abstract: Triple negative breast cancer (TNBC) accounts for about 10-15% of all breast cancers. It is a heteroge-
neous disease, characterized by early relapse, aggressive behavior, and poor prognosis, when compared to other
breast cancer subtypes. Interestingly, most of the heat shock protein 90 (Hsp90) client proteins are oncoproteins,
and some are closely related to the key factors that promote the progression of TNBC. Anacardic acid (AA), which is
commonly seen in natural plants of Anacardiaceae, exhibits potent Hsp90 ATPase inhibition activity. In this study,
the anticancer effects of AA on TNBC MDA-MB-231 cells were investigated. The results of our study showed that
AA inhibited cell proliferation, induced GO/G1-phase cell cycle arrest, suppressed cell invasion and migration, and
induced apoptosis in the MDA-MB-231 cells. Regulation of the key Hsp90-dependent tumor-related molecules or
endoplasmic reticulum stress (ERS) related molecules, such as GRP78, Hsp70, CDK-4, MMP-9, Bcl-2, and Mcl-1 by
AA may be related to these effects. Taken together, our results suggest that AA shows potential as a possible new

drug for therapy of TNBC.
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Introduction

Triple negative breast cancer (TNBC) is defined
by the lack of estrogen receptors (ERs), proges-
terone receptors (PRs), and by human epider-
mal growth factor receptor 2 (HER2)-negative
status. TNBC accounts for about 10-15% of all
breast cancers and is associated with a higher
mortality rate, compared to other subtypes [1].

In recent years, several targeted treatment
options have been explored for patients with
TNBC, such as poly (ADP ribose) polymerase
(PARP) inhibitors, angiogenesis inhibitors, EG-
FR-targeted agents, mTOR inhibitors, src tyro-
sine kinase inhibitors and androgen receptor
inhibitors. However, efficacy data and results
are limited and the only available treatment
options are surgery, chemo and/or radiothe-
rapy.

The molecular chaperone heat shock protein
90 (Hsp9O0) is responsible for maintaining the
correct folding and stability of many signaling
proteins, and is emerging as an important tar-
get in cancer therapeutics [2, 3]. Hsp9O0 is often
overexpressed in a range of cancers, including
breast cancer, and high levels of Hsp90 have
been associated with poor prognosis in breast
cancer patients [4]. Hsp9O0 inhibition can trig-
ger proteasomal degradation of multiple on-
coproteins, thereby reducing cancer cell prolif-
eration, survival, invasion, and angiogenesis,
hence promoting apoptosis [5-7]. In particular,
HSP9O levels are markedly increased in tumors
and high HSP9O0 expression is associated with
a negative prognosis in breast cancer [8].

Bark of plants belonging to the family Anacar-
diaceae, are frequently used in treating gastric
ulcer, gastritis and gastric cancer in Mexico [9].
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Figure 1. Inhibitory effect of AA on cell viability in MDA-MB-231 cells. A.
Chemical structure of AA; B. Dose- and time-response curve of the effects
of AA on cell viability in MDA-MB-231 cells. Cells were treated with DMSO or
variant concentrations of AA for 24 h, 48 h, and 72 h. The cell viability was

measured by an MTT assay.

Anacardic acid (6-pentadecylsalicylic acid, AA)
(Figure 1A), a natural compound, isolated from
the traditional medicine Amphipterygium adst-
ringens or commonly seen in plants of Anacar-
diaceae, is an important composition of cash-
ew, ginkgo leaf and fruit, and it has been re-
ported to possess antibacterial and anticancer
effects [10-12]. Additionally, AA has a number
of roles, including the inhibition of lipid synthe-
sis, enzyme activity such as lipoxygenase, pros-
taglandin endoperoxide synthase and histone
acetyltransferase, expression of nuclear factor-
kB as well as the activation of aurora kinase A
[13-17]. Li H et al. [18] also showed that AA
exhibited the inhibition of Hsp90 ATPase activ-
ity. However, the molecular mechanisms have
not been well understood. The aim of this study
was to investigate the effects of AA on cell
proliferation, cell cycle, invasion, migration and
apoptosis in MDA-MB-231 cells, and to explore
its preliminary mechanism.

Materials and methods
Reagents and antibodies

Dulbecco’s modified Eagle’s medium (DMEM),
trypsin, and fetal bovine serum (FBS) were ob-
tained from Gibco (Grand Island, NY). 3-(4,5-
Dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide (MTT), cocktail of protaease inhibitors,
and Propidium iodide (Pl) were purchased from
Sigma (USA). Mitochondrial membrane poten-
tial (AW ) assay kit (JC-1) was obtained from
Beyotime Institute of Biotechnology (China).
Anacardic acid, anti-B-actin, anti-GRP78, anti-
HSP70, anti-E-cadherin, anti-Vimentin, and sec-
ondary antibodies were obtained from Santa
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75 100 pase-3 monoclonal antibod-

AA /uM ies were obtained from Ab-

cam (Cambridge, UK). Anti-
CDK-4 was obtained from
Proteintech (USA). Anti-Hsp-
90 was obtained from Stre-
ssgen (USA). Transwell boy-
den chamber system was
purchased from Corning Life
Sciences (NY). Matrigel was purchased from
BD Biosciences (Bedford, MA, USA).

Cell culture

Human breast cancer MDA-MB-231 cell was
obtained from Shanghai Cell Bank (China).
Cells were grown in DMEM, supplemented with
10% FBS, penicillin (100 units/ml), streptomy-
cin (100 units/ml), and HEPES (25 mM). All
cells were maintained in the presence of 5%
CO, at 37°C.

Cell viability assay

The cell viability was determined by the MTT
assay [19]. 1 x 10* cells were plated in 96-well
microtiter plates and treated with various con-
centration of Anacardic acid for 24 h, 48 h, and
72 h. At the end of each time point, 15 ul of
MTT (5 mg/ml in PBS) were added to each well
incubated at 37°C for 4 h. After 4 h, the MTT
solution was removed, and 150 ul DMSO were
added to each well to dissolve the formazan
crystals. The plate was further incubated at
room temperature for 10 min, and the absor-
bance (A) of the wells was determined using a
plate reader at a test wavelength of 570 nm.

Colony formation assay

Cells were cultured in 6-well plates (1 x 10*
cells/well) overnight. The medium was then
exchanged with fresh medium containing AA.
The plates were incubated under cell culture
conditions for another 8 days, at which point
the medium was removed and the cells were
washed twice with PBS and fixed with parafor-
maldehyde for 10 min at -20°C. The colonies
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were stained with 2% crystal violet for 10 min,
washed with double-distilled water and dried at
room temperature, before being counted.

Determination of apoptotic cells (Pl staining)

MDA-MB-231 cells were seeded at 1 x 10°
cells/well in 6-well cell culture plates and
allowed to reach exponential growth for 24
h before treatment. Whole-cell lysates from
MDA-MB-231 cells were treated with various
concentration of AA for 24 h/48 h using Pl
staining and then evaluated using flow cyto-
metry. Quantitative analysis of subG, cells we-
re carried out in a BD Accuri C6 flow cytome-
ter using the Cell Quest software.

Mitochondrial membrane potential (AW ) as-
say using fluorescent microscope

The cells were seeded at 2 x 105 cells/well in
12-well culture plates and allowed to attach
overnight before treatment. Changes in AW
after different treatments were evaluated by
staining with the cationic dye tetrechloro-te-
traethylbenzimidazol carbocyanine iodide (JC-
1) according to the manufacturer’s instruction
(Beyotime Institute of Biotechnology, China).
After the incubation, the dye was aspirated
from the plates, and the plates were washed
three times with 1 x JC-1 buffer and examined
with an invert fluorescent microscope (Olym-
pus IX71, Japan) using both red and green
channels.

Cell invasion assay

The invasion assay was performed using a 24-
well cell culture plate with 8.0 ym pore mem-
brane inserts. The membrane undersurface
was coated with 50 ul Matrigel with serum
free medium for 30 min at 37°C. MDA-MB-231
cells were starved in serum-free medium over-
night, and 5 x 10* cells were resuspended in
100 ul serum-free medium and placed in the
upper chambers. The lower well of each cham-
ber was filled with 800 pl of DMEM supple-
mented with 10% FBS and incubated for 36
h. Reagents added to the upper surface of
the membrane were removed by cotton buds,
and the cells on the lower chamber were in-
cubated with paraformaldehyde in PBS buffer
and stained with 0.1% crystal violet. Five visual
fields were randomly selected for each insert
and photographed under a light microscope at
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200 x magnification. The number of invasive
cells was then counted and analyzed to deter-
mine statistically significant differences. Each
condition was assayed in triplicate, the experi-
ments were performed independently at least
three times, and the results are expressed as
the number of cells/field. A one-way analysis
of variance was used to determine significant
differences.

Cell migration assay

Migration assay was performed using a 24-well
cell culture plate with 8.0 ym pore membrance
inserts without Matrigel. 5 x 10* MDA-MB-231
cells were added to the upper wells, and the
chambers were incubated for 36 h at 37°C.
The lower chamber was filled with 800 ul 10%
FBS as the chemoattractant. After 36 h in nor-
moxic conditions the cells that had migrated
were stained and photographed under a light
microscope at 200 x magnification. The num-
ber of migratory cells was then counted and
analyzed to determine statistically significant
differences. Each condition was assayed in
triplicate, the experiments were performed in-
dependently at least three times, and the re-
sults are expressed as the number of cells/
field. A one-way analysis of variance was used
to determine significant differences.

Wound healing assay

Cell migration was assessed using a wound
healing assay. Cells were plated in 6-well pla-
tes (Corning Life Sciences) at 5 x 10° cells/
well and allowed to grow to 90% confluence.
The cells were scraped with a sterile micropi-
pette tip to create a gap of standard width. To
remove non-adherent cells, the plates were
rinsed gently with medium twice prior to incu-
bation. The wound closure was monitored for
36 h at x 100 magnification. The wound areas
were observed under an inverted microscope
and imaged at the appropriate fields to calcu-
late the healing percentages. Each experiment
was performed in triplicate.

Western blot analysis

The cells were plated in 6-well culture plate
at a density of 5 x 10° cells per well. After in-
cubation with drugs, the cell were harvested,
washed twice in PBS, and lysed in lysis buffer
[50 mM Tris-HCI pH = 7.4, 1% Triton X-100, 150
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Figure 2. Effects of AA on the expression of Hsp90 and AA induces cell cycle arrest of MDA-MB-231 cells. A. Whole-cell lysates from MDA-MB-231 cells treated with
vehicle or various concentration of AA for 24 h, were subjected to western blot analysis. B. Representative flow cytometry histograms of apoptosis. MDA-MB-231
cells were treated with: (a) Vehicle, (b) 25 uM of AA, (c) 50 uM of AA, and (d) 100 uM of AA for 24 h, respectively. Apoptosis was measured by the propidium iodide
(PI) method using flow cytometry. C. Representative flow cytometry histograms of cell cycle. MDA-MB-231 cells were treated with: (a) Vehicle, (b) 25 uM of AA, (c) 50
UM of AA, and (d) 100 uM of AA for 24 h, respectively. D. Cell cycle distribution expressed as percentage of control. Data are presented as mean * SD of triplicates.
AA arrested cells in the GO/G1-phase. The differences among the four treatments were analysed by Dunnett t-tests (*P < 0.05 vs control).
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Figure 3. Effects of AA on the expression of GRP78,
Hsp70 and CDK-4. Whole-cell lysates from MDA-
MB-231 cells treated with vehicle or various concen-
tration of AA for 24 h, were subjected to western blot
analysis.

mM NaCl, and a cocktail of protaease inhibitors
(Sigma)]. Lysetes were loaded onto 10%~15%
SDS-PAGE and transferred to a PVDF mem-
brance. The membranes were blocked with 5%
skim milk, and were incubated with primary
antibodies overnight at 4°C. Detection was
performed using secondary antibody for 1 h
at room temperature and an ECL detection
system (Bio-Rad, CA, USA).

Statistical analysis

All experiments were repeated at least three
times. Data were presented as the Mean +
SD. Statistical comparisons between Anacar-
dic acid treatment groups and control were
carried out using one-way analysis of variance
(ANOVA) followed by Dunnett t-tests. Differen-
ces were considered significant at P < 0.05,
and in here denoted as *. All statistical ana-
lyses were performed using SPSS 19.0 soft-
ware (Chicago, IL, USA).

Results

AA exhibit anti-proliferative effect in MDA-
MB-231 cells

In the present study, we have used MDA-MB-
231 cancer cells, reported to be a highly meta-
static, human TNBC cell line. Previous studies
have revealed that AA exerts anticancer effe-
cts in various carcinomas [20, 21].

To understand anticancer activity of AA on
TNBC cells, we analyzed the anti-proliferative
effect of AA on MDA-MB-231 cells, after treat-
ment with increasing doses of the compound
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(0-100 uM) for specified time courses (24 h,
48 h, and 72 h). As shown in Figure 1B, AA sh-
owed significant anti-proliferative activity on
MDA-MB-231 cells in a dose- and time-depen-
dent manner, with an IC_ value of 19.7 uM at
24 h, after treatment. Similar to the MTT as-
says, the data-analyzed colony formation as-
says, which also showed that AA inhibited cell
growth at low doses (Figure S1).

AA induces cell cycle arrest of MDA-MB-231
cells

As shown in Figure 2A, with increasing con-
centrations of AA treatment, the change of
Hsp90 protein was not obvious. Previously, AA
also showed strong yeast Hsp90 ATPase in-
hibition activity (IC._, 82.5 uM) [18].

507

According to the flow cytometric apoptosis de-
tection by PI single staining method, the corre-
sponding share of sub-G1 cells phase ratio rep-
resents the apoptosis rate of each group. After
24 h, the rate of apoptosis (Proportion of subG,
cells) in the control was 2.5%, while the apop-
totic rate was 2.6%, 3.1%, and 13.2% for the
cells treated with 25, 50, or 100 uM of AA,
respectively (as shown in Figure 2B). AA exerts
a very mild effect on promoting apoptosis.
However, AA arrests the cell cycle in GO/G1
phase. The results of flow cytometric ana-
lysis showed that the percentage of GO/G1
phase of MDA-MB-231 cells increased after
treatment with different concentrations of AA
for 24 h. The percentage of cells in GO/G1
phase in the control was 51.1 + 1.47%, while
the rate was 56.8 + 2.57%, 62.2 + 3.81%, and
70.7 £ 2.01% for the cells treated with 25, 50,
or 100 uM of AA, respectively (*P < 0.05 vs
control) (Figure 2C, 2D). No increase in S or
G2/M peak was observed in MDA-MB-231
cells.

AA changes the expression of GRP78 and
Hsp70 involved in the potential triggering of
ERS in MDA-MB-231 cells

Previous studies have shown that AA is a potent
inducer of ERS [12, 22, 23]. Induction of ERS by
AA was supported by a dose- and time-depen-
dent increase in expression of the ER signaling
downstream molecules, such as GRP78/BiP,
phosphorylated elF2a, ATF4 and CHOP, in both
HepG2 and U266 cell lines. Moreover, AA sup-
pressed HepG2 xenograft tumor growth, asso-
ciated with increased ERS in vivo [24].

Am J Transl Res 2018;10(8):2424-2434
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Figure 4. AA suppressed the invasion of MDA-MB-231 cells. A. The invasion of MDA-MB-231 cells was suppressed
following exposure to vehicle or various concentrations of AA. Using AA untreated cells as the controls, five visual
fields were randomly selected for each insert and photographed under a light microscope at 200 x magnification;
B. Quantification of invasion of MDA-MB-231 cells inhibited by AA. The differences among the four treatments were
analysed by Dunnett t-tests (*P < 0.05 vs control).
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Figure 5. AA suppressed the migration of MDA-MB-231 cells. A. The migration of MDA-MB-231 cells was suppressed
following exposure to vehicle or various concentrations of AA. Using AA untreated cells as the controls, five visual
fields were randomly selected for each insert and photographed under a light microscope at 200 x magnification;
B. Quantification of migration of MDA-MB-231 cells inhibited by AA. The differences among the four treatments were
analysed by Dunnett t-tests (*P < 0.05 vs control).
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Figure 6. AA changes the expression of oncoproteins
involved in the invasion and migration potential of
MDA-MB-231 cells. Whole-cell lysates from MDA-
MB-231 cells treated with vehicle or various concen-
tration of AA for 36 h, were subjected to western blot
analysis.

A number of cancer-associated proteins have
been identified as Hsp90 clients, including
GRP78 and Hsp70 proteins, to name but two
[7, 24]. In order to clarify the cause of the
above-mentioned changes by AA, we examined
the expression of the relevant proteins and
observed that, both GRP78 and Hsp70 pro-
teins gradually increased (Figure 3). This indi-
rectly reflects that AA triggers ERS in MDA-
MB-231 cells.

AA induces cell cycle arrest via down-regula-
tion of CDK-4 in MDA-MB-231 cells

Western blot analysis demonstrated that clas-
sical client protein, cyclin-dependent kinase
CDK-4, was significantly downregulated in the
presence of AA (Figure 3). The results showed
that AA may induce cell cycle arrest via down-
regulation of CDK-4.

AA changes the expression of oncoproteins
involved in the invasion and migration of MDA-
MB-231 cells

We examined the effects of AA on the invasion
and migration of MDA-MB-231 cells. Low con-
centrations of AA did not have a significant
effect on cell death, but suppressed cell inva-
sion and migration. As shown in Figure 4, with
increasing concentrations of AA treatment, in-
vasion of cells gradually decreased (*P < 0.05
vs control). Next, we examined the effect of
AA on cell migration using the Transwell cell
migration assay and wound-healing assays.
The results showed that, with increasing con-
centrations of AA, the migration inhibition rate
also increased (Figure 5 and Figure S2).
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To determine whether there was any change
in MMP-9 or Vimentin and E-cadherin in AA-
treated cells, we investigated the expression of
these proteins. As shown in Figure 6, MMP-9
and Vimentin protein expression was gradually
down-regulated with increasing concentrations
of AA, meanwhile E-cadherin protein gradually
increased.

AA induces apoptosis in MDA-MB-231 cells

To clarify whether AA induced apoptosis, MDA-
MB-231 cells were treated with AA. After 48 h,
the rate of apoptosis in the control was 1.3%,
while the apoptotic rate was 8.7%, 35.5%, and
49.0% for the cells treated with 25, 50, or 100
UM of AA, respectively (Figure 7A). One of the
early critical events in apoptosis is the loss/dis-
ruption of the mitochondrial membrane poten-
tial (A, ) in the cells, which eventually causes
the initiation and activation of apoptotic cas-
cades. We sought to determine whether AA
treatment had any effect on the Ay _ in MDA-
MB-231 cells using JC-1 staining. The results in
Figure S3 show that compared with the control
group the AA-treated cells exhibited reduction
in red fluorescence, but increased signals in
green fluorescence, indicating a reduction in
Ay, _, and that AA induced apoptosis in MDA-
MB-231 cells only to a small extent, which was
mediated by the mitochondria. Induction of
apoptosis was preceded by cell cycle arrest.

We next examined whether apoptosis related
proteins (Bcl-2, Mcl-1, and Caspase 3), were
regulated by AA. As shown in Figure 7B, with
increasing concentrations of AA, the expres-
sion of anti-apoptotic proteins, Bcl-2 and Mcl-1,
was gradually down-regulated. In addition, the
Caspase 3 protein cleavage fragment becom-
es more obvious and results in a dose-depen-
dent cleavage, generating processed caspase-
3 (Figure 7C).

Discussion

Our results showed that AA induces cell cycle
arrest via down-regulation of CDK-4 and trig-
gers ERS in MDA-MB-231 cells. A previous stu-
dy has shown that treatment of HD-LM2 cells
with 17-AAG predominantly induced GO-G1 cell
cycle arrest, which was associated with down-
regulation of several cell cycle regulatory pro-
teins, including CDK-4, CDK-6, polo-like kinase
1 (PLK1), cyclin B1 and, to a lesser extent, cy-
clin D1. Inhibition of HSP9O function by 17-AAG

Am J Transl Res 2018;10(8):2424-2434
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Figure 7. AA induces apoptosis in MDA-MB-231 cells and effects of AA on the expression of apoptosis-related proteins. A. Representative flow cytometry histograms
of apoptosis. MDA-MB-231 cells were treated with: (a) Vehicle, (b) 25 uM of AA, (c) 50 uM of AA, and (d) 100 uM of AA for 48 h, respectively. B, C. Whole-cell lysates
from MDA-MB-231 cells treated with vehicle or various concentration of AA for 48 h, were subjected to western blot analysis.

2431

Am J Transl Res 2018;10(8):2424-2434



Anticancer effects of an Hsp9O0 inhibitor on breast cancer cells

showed a time- and dose-dependent growth
inhibition of Hodgkin’s lymphoma cell lines.
Moreover, 17-AAG induced cell cycle arrest
and apoptosis, which were associated with a
decrease in CDK-4, CDK-6, and PLK1 [25].
Currently, three CDK4/6 inhibitors have been
tested in clinical breast cancer trials [26].

In spite of early detection and novel therapeutic
interventions, metastatic breast cancer is still
the leading cause of cancer death in women.
Moreover, the poor prognosis of TNBC is linked
to the early metastatic spread of the disease
that occurs within 2 or 3 years of diagnosis.
Many studies have associated this invasive
property to the epithelial-mesenchymal transi-
tion (EMT) which is a crucial event during can-
cer metastasis [27, 28]. EMT is characterized
by a morphological change in the epithelial
cells that lose their differentiated phenotype
and acquire an invasive mesenchymal one.
During EMT, TNBC cells lose epithelial cell
markers, such as EGFR, epithelial cadherin (E-
cadherin) and show an enhanced expression of
mesenchymal cell markers, such as vimentin
and neuronal cadherin (N-cadherin) [29, 30].
Cadherin switches, such as E-cadherin to N-
cadherin, are classic representative markers
of the EMT process [31]. Many studies have
examined the possible role of EMT in breast
cancer. Vimentin is a key regulator of breast
cancer cell migration and a marker for mesen-
chymal subtype, characteristic of cancer cells
that have undergone EMT. Expression of vi-
mentin is related to the reduced expression
of E-cadherin and upregulation of N-cadherin
[32]. Numerous studies have linked aberrant
expression of E-cadherin with the development
of metastases in breast and other cancers
[33]. Recently, Lee et al. suggested that Em-
belin induced the expression of E-cadherin
and inhibited the expression of N-cadherin
and vimentin in MDA-MB-231 cells. Thus, Em-
belin could regulate breast cancer metastasis
through modulation of EMT markers [34].

Matrix metalloproteinases, especially MMP-9,
play an important role in tumor invasion and
metastasis. The imbalance between MMPs and
their inhibitors may facilitate tumor progression
[7]. In addition, MMP-9 levels in tumor tissue,
as well as in serum, plasma, and urine, are sig-
nificantly elevated in patients with breast can-
cer [35, 36].
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Our experiments confirmed that AA can signifi-
cantly suppress invasion and migration of MDA-
MB-231 cells, and its mechanism may be relat-
ed to the down-regulation of MMP-9 and vimen-
tin protein, whilst increasing the expression of
E-cadherin protein. AA suppresses EMT levels
in MDA-MB-231 cells, thereby suppressing cell
invasion and migration.

For instance, Puttananjaiah S et al. demon-
strated that exposure of MCF-7 cells to AA
resulted in upregulation of epithelial marker E-
cadherin with a concomitant decrease in the
expression of mesenchymal markers, Twist and
Snail, besides exhibiting a strong anti-migratory
and anti-invasive activity. AA functions as a
potent EMT inhibitor by targeting the VEGF sig-
naling pathway [37].

Furthermore, it was demonstrated that the an-
titumor activity of AA and its role in suppress-
ing metastasis was regulated by the reversal of
EMT.

Tan J et al. [38] found that AA inhibited cell pro-
liferation, induced apoptosis and caspase-3/9
activities, as well as Bax protein expression, in
prostatic cancer. They demonstrated that AA
induces cell apoptosis in prostatic cancer th-
rough autophagy, by ER stress/DAPK3/Akt sig-
naling pathway. Furthermore, AA can synergize
TRAIL induced apoptosis, through the upregula-
tion of death receptors and downregulation of
anti-apoptotic proteins in cancer context [39].
Gény C et al. [40] showed that AA acts as a
modulator of Bcl-xL/Bak and Mcl-1/Bid inter-
actions. As an HSP9O client protein, Bcl-2 is
reduced, as anticipated, by AUY922 [41]. Our
results also showed that AA induces apoptosis
in MDA-MB-231 cells.

Findings of our study indicate that AA treatment
results in decreased viability, cell cycle arrest,
increased apoptosis, and suppression of meta-
static potential in TNBC cell line, MDA-MB-231.
The changes observed in multiple key Hsp90-
dependent, tumor-related molecules (such as
GRP78, Hsp70, CDK-4 protein and Mcl-1, Bcl-2
protein etc.) regulated by AA, may be related to
these effects. In summary, this study supports
the notion that AA has certain anticancer activ-
ity, and deserves further investigation; AA may
provide the basis for the development of ratio-
nal drug combinations for treating TNBC.

Am J Transl Res 2018;10(8):2424-2434
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MDA-MB-231

Figure S1. AA inhibited the colony formation of MDA-MB-231 cells. Cells were treated with (i) control, (ii) 5 uM of AA,
(iii) 10 uM of AA, (iv) 20 uM of AA for eight days. The colonies were stained with crystal violet.
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Figure S2. Effects of AA on the migration of MDA-MB-231 cells. After incubation of MDA-MB-231 cells for 36 h, an
artificial wound was created with a pipette tip (O h). Then cells were treated with vehicle or various concentrations
of AA and incubated at 37 °C for 36 h. Migration was analyzed by in vitro wound-healing assay.

A B C D

Figure S3. AA induced reduction of AW in MDA-MB-231 cells. MDA-MB-231 cells were treated with: (A) vehicle, (B)
25 uM of AA, (C) 50 pM of AA, and (D) 100 uM of AA for 48 h respectively) was subjected to measurement of AW
by JC-1 staining in fluorescence microscope camera.
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