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ISL1 promotes cancer progression and inhibits cisplatin
sensitivity in triple-negative breast cancer cells
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Abstract. Triple-negative breast cancer (TNBC) is a type of
breast cancer that is characterized by the lack of expression
of estrogen and progesterone receptors, and epidermal growth
factor receptor 2. Therefore, there is an absence of a specific
target for effective therapy in TNBC. Cisplatin is usually
employed as a first-line chemotherapy agent for patients
with TNBC. However, resistance remains an obstacle for
cisplatin-based chemotherapy, due to its elusive underlying
mechanism. Previously, abnormal expression of Islet 1 (ISL1)
was demonstrated to be closely associated with cancer
development and progression. The present study revealed
that (ISL1) was significantly upregulated in TNBC tissues
in comparison with adjacent normal tissues. Overexpression
of ISL1 markedly promoted the proliferation and invasion
of the TNBC MDA-MB-231 and MDA-MB-468 cell lines,
while knockdown of ISL1 inhibited cell invasion and prolif-
eration in these cell lines. In addition, overexpression of ISL1
reversed cisplatin-induced cell apoptosis, while knockdown
of ISL1 enhanced apoptosis following cisplatin treatment in
MDA-MB-231 and MDA-MB-468 cells. Furthermore, the
levels of the anti-apoptotic proteins, phosphorylated-protein
kinase B and B-cell lymphoma-2 (Bcl-2), were significantly
decreased, while the levels of the pro-apoptotic protein
Bcl-2-associated X protein were remarkably increased in
response to cisplatin treatment. The present study revealed
that ISL1 overexpression reversed the protein expression
profile of p-Akt, Bcl-2 and Bax, while ISL1 knockdown
promoted cell apoptosis. Therefore, the data of the present
study demonstrated that ISL1 contributes to TNBC progres-
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sion and reverses cell sensitivity towards cisplatin in TNBC
cells, suggesting that ISL1 is a potential therapeutic target for
the treatment of TNBC.

Introduction

Breast cancer remains the leading cause of mortality in
females worldwide (1). Based on the expression of estrogen
and progesterone receptors, and epidermal growth factor
receptor 2 (Her?2), breast cancer is classified into 4 sub-types
as follows: Luminal A, luminal B, Her2-overexpressing and
triple-negative breast cancer (TNBC) (2). TNBC comprises
a heterogeneous group of cancer types (3). With no effective
therapeutic target, the current treatment of TNBC relies on
combination therapy, including chemotherapy (4). Although
TNBC usually responds well to chemotherapy, de novo and
acquired chemotherapy resistance remain to be overcome in
order to achieve an improved overall survival for patients with
TNBC (5). Notably, tumor metastasis is an additional frequent
obstacle when treating TNBC (6,7).

Cisplatin is a commonly used chemotherapeutic agent
administered to patients with TNBC (8). The antitumor proper-
ties of cisplatin are primarily based on its ability to induce cell
apoptosis by causing DNA damage (9). However, the efficacy
of cisplatin is frequently compromised by the insensitivity of
malignant cells towards drug treatment and the development of
drug resistance (10,11). The underlying mechanism of cisplatin
resistance is complex. Previous studies on cancer cell lines
indicated that the activity of the p38 mitogen-activated protein
kinase signaling pathway was associated with cisplatin sensi-
tivity (12). An additional study revealed that protein kinase B
(Akt) was involved in cisplatin-resistance by inhibiting cell
apoptosis (13). Consequently, future studies on the precise
molecular mechanisms of cisplatin sensitivity are required to
meet current clinical requirements.

Islet 1 (ISL1) is a member of the LIM/homeodomain
family of transcription factors and was first cloned from
pancreatic insulin-producing cells of rats (14,15). Through
binding the insulin gene enhancer, ISL1 was identified to
regulate insulin gene expression (14). ISL1 is involved in the
development of numerous tissue types, including the nervous
system, pancreas and skeletal muscles (15). Previously,
abnormal expression of ISL1 has been demonstrated to be
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closely associated with cancer development and progres-
sion (16). Immunohistochemical staining of breast cancer
samples revealed that the protein levels of ISL1 were increased
in tumor tissues from patients with TNBC compared with
those in other breast cancer sub-types (17). However, the role
of ISL1 in TNBC progression, and its underlying mechanism,
remains unknown.

The present study aimed to explore the role of ISL1 in
TNBC. The results of reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis revealed that
ISL1 expression was significantly increased in TNBC tissues
compared with that in normal adjacent tissues. The present
study also demonstrated that ISL1 markedly promoted cell
proliferation and invasion in the TNBC MDA-MB-231 and
MDA-MB-468 cell lines. Additionally, overexpression of
ILS1 markedly reversed cisplatin-induced cell apoptosis in
MDA-MB-231 and MDA-MB-468 cells. Furthermore, ILS1
inhibited cell apoptosis via upregulation of the expression
of the anti-apoptotic proteins, phosphorylated-Akt (p-Akt)
and B-cell lymphoma-2 (Bcl-2), and downregulation of the
expression of the pro-apoptotic protein, Bcl-2-associated X
protein (Bax). Taken together, these data suggested that
dysregulation of ILS1 participates in TNBC cell progression
and sensitivity to cisplatin, proposing ILS1 as a promising
therapeutic target in TNBC.

Materials and methods

Patients. Tumor tissues and their corresponding adjacent
(>5 cm) normal tissues were obtained from 35 patients with
TNBC who attended Tangshan People's Hospital (Tangshan,
China) from March, 2012 to September, 2015. In the present
cohort, there were 9 patients <35 years old and 26 patients
>35 years old (28 years old-65 years old). All tissues were
stored at -80°C prior to the extraction of nucleic acids. Written
informed consent for use of patient samples was obtained
from all participants in the present study prior to surgery. The
experiments were performed following approval from the
Ethics Committee of Tangshan People's Hospital.

Cell culture and reagents. The human TNBC MDA-MB-231
and MDA-MB-468 cell lines, and 293 cell line were purchased
from American Type Culture Collection (Manassas, VA,
USA). The 293, MDA-MB-231 and MDA-MB-468 cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; HyClone; GE
Healthcare Life Sciences, Logan, UT, USA), 100 U/ml peni-
cillin and 100 pg/ml streptomycin (Thermo Fisher Scientific,
Inc.) in an incubator with 5% CO,at 37°C.

Cisplatin was purchased from Sigma-Aldrich (Merck
KGaA, Darmstadt, Germany). For cisplatin treatment,
MDA-MB-231 and MDA-MB-468 cells (3x10° cells/well) were
seeded into 96-well plates (Sarstedt, Niimbrecht, Germany)
and incubated with 25 uM cisplatin in DMEM in an incubator
with 5% CO,at 37°C for 24 h, and then subjected to subsequent
analyses.

ISLI overexpression. The full-length sequence of ISLI
was amplified from cDNA of 293 cells and cloned into the
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pcDNA3 plasmid (Addgene, Inc., Cambridge, MA, USA). For
ISL1 overexpression, 1x10° MDA-MB-231 and MDA-MB-468
cells were transfected with 2 yg pcDNA3-ISLI using
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.), while
cells transfected with empty vector served as controls. After
24 h, the cells were subjected to following experiments.

RNA interference. MDA-MB-231 and MDA-MB-468 cells
were transfected with a scramble small interfering RNA
(siRNA; 100 nM) used as negative control or with ISLI
siRNA pool (containing three specific siRNAs) (100 nM;
cat. no. sc-37121, Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) using Lipofectamine RNAi MAX (Thermo Fisher
Scientific, Inc.), and incubated at 37°C for 72 h. Following this,
cells were subjected to subsequent experiments. Sequences of
siRNAs were listed as follow: Control siRNA: 5'-UUCUCC
GAACGUGUCACGU-3"; ISL1 siRNA pool: 5-GGACCA
GGCUCUAAUUCUATT-3"; 5-~AAAAGAAUGGAGGUG
GAAG; GAGACAUGGUGGUUUA-3..

Cell proliferation assay. Cell proliferation was assessed
with a Cell-Counting-Kit-8 (CCK-8; Dojindo Molecular
Technologies, Inc., Kumamoto, Japan), according to the manu-
facturer's protocols. Briefly, MDA-MB-231 and MDA-MB-468
cells (3x10° cells/well) were seeded into 96-well plates.
Following cell attachment, cells were treated (100 nM, 37°C)
with control siRNA, ISL1 siRNA, pcDNA3 or pcDNA3-ISL1
for 72 h. To evaluate the effect of ISL1 in cell proliferation,
cells were treated (37°C) with vehicle (dimethyl sulfoxide;
Beijing Solarbio Science & Technology, Co., Ltd., Beijing,
China), 10 M cisplatin, 10 uM cisplatin + pcDNA3-ISL1 or
10 M cisplatin + ISL1 siRNA for 72 h. Next, CCK-8 solu-
tion (10 pl) was added into each well and incubated (37°C) for
2 h. Subsequently, the absorbance at 450 nm was recorded to
determine cell proliferation.

Cell invasion assay. Cell invasion ability was measured
by a Transwell assay. Briefly, 3x10* MDA-MB-231 and
MDA-MB-468 cells were plated onto the upper side of
Matrigel-coated (30 min at 37°C) Transwell chambers (Corning
Incorporated, Corning, NY, USA) with serum-free DMEM,
while the lower chamber was filled with DMEM containing
10% FBS. Following culture (37°C) for 24 h, the cells in the
upper chamber were removed by a cotton swab, while the
cells that had invaded into the reverse face of the membranes
were fixed (1 h at room temperature) with methanol (4%) and
stained (1 h at room temperature) with crystal violet (0.25%).
Images were captured from 3 randomly chosen fields and the
number of cells was then quantified using a light microscope
(SZX16-3111; Olympus Corporation, Tokyo, Japan). The
experiment was repeated three times.

Cell apoptosis assay. Cell apoptosis was detected with the
Fluorescein isothiocyanate-Annexin V/Apoptosis Detection kit
(Thermo Fisher Scientific, Inc.) with a BD FACSCalibur flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA). Upon
treatment of control siRNA or ISL1 siRNA, and vehicle, 10 uM
cisplatin, 10 #M cisplatin + pcDNA3-ISL1 or 10 uM cispl-
atin + ISL1 siRNA, the MDA-MB-231 and MDA-MB-468 cells
were harvested, re-suspended in 500 pl pre-cooled 1X binding
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buffer from Fluorescein isothiocyanate-Annexin V/Apoptosis
Detection kit, and mixed with 5 1 Annexin V and 2.5 pl prop-
idium iodide (PI). The scatter plots contained the following
results: Quadrant 4 (Q4), healthy cells (Annexin V/PI'); Q3,
apoptotic cells at an early stage (Annexin V*/PI'); Q2, apoptotic
cells at an advanced stage (Annexin V*/PI*); and Q1, mechani-
cally injured cells (Annexin V/PI*). Flow cytometry results
were analyzed using FlowJo 10.4.2 (FlowJo LLC, Ashland,
OR, USA). The apoptotic rate was calculated as the ratio of
apoptotic cells in Q3 + Q2 to the total number of cells.

Western blotting. Antibodies against ISL1 (cat. no. sc-390793;
1:1,000), Bcl-2 (cat. no. sc-7382; 1:1,000) and Bax
(cat. no. sc-7480; 1:1,000) were purchased from Santa Cruz
Biotechnology, Inc. The antibody against GAPDH was
obtained from Sigma-Aldrich (Merck KGaA). Secondary anti-
bodies against mouse (cat. no. SAO0001-1; 1:10,000) and rabbit
(cat. no. SA00001-1; 1:10,000) were products of Proteintech
Group, Inc.,(Chicago,IL,USA). Western blotting was performed
following standard procedures: In brief, protein lysates from
MDA-MB-231 cells were prepared using radioimmunoprecipi-
tation assay lysis buffer (Beyotime Institute of Biotechnology,
Haimen, China), quantified by the method of BCA (Beyotime
Institute of Biotechnology, Shanghai, China), 20 pg protein
per line were separated by 8% SDS-PAGE and then trans-
ferred to polyvinylidene fluoride membranes. Subsequently,
the membranes were blocked (1 h at room temperature) with
5% non-fat milk (5 g milk powder in 100 ml TBST with 0.1%
Tween 20) and incubated (1 h at room temperature) with the
aforementioned primary and secondary antibodies. The blots
were developed with SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo Fisher Scientific, Inc.). GAPDH
served as an internal control. Quantitative analysis of protein
expression was achieved by Image J version 1.8.0 (National
Institutes of Health, Bethesda, MD, USA).

RT-gPCR. Total RNA was extracted from patient tissues with
TRIzol® reagent (Life Technologies; Thermo Fisher Scientific,
Inc.). The concentration and quality of the extracted RNA was
analyzed by NanoDrop 2000 (Thermo Fisher Scientific, Inc.,
Wilmington, DE, USA). The RNA was reverse transcribed
into cDNA using the PrimeScript RT Reagent kit (Takara
Bio, Inc., Otsu, Japan). RT-qPCR was performed using
the SYBR Green kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.) and an ABI Prism 7500 Sequence Detection
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
GAPDH served as an internal control. Thermocycling condi-
tions used in the RT-qPCR was as follows: Denaturation: 95°C
for 10 min, followed by annealing and elongation: 40 cycles
at 95°C for 15 sec, 60°C for 60 sec, and final elongation:
1 cycle at 95°C for 15 sec. The qPCR primer sequences were
as follows: ISL1-forward, 5'-CTGCTTTTCAGCAACTGG
TCA-3'; ISL1-reverse, 5"-TAGGACTGGCTACCATGCTGT-3',
GAPDH-forward, 5'-GGAGCGAGATCCCTCCAAAAT-3;
and GAPDH-reverse, 5'-GGCTGTTGTCATACTTCTCA
TGG-3'. The relative expression of gene was analyzed using the
2444 method (18).

Immunohistochemistry. Tumor tissues and the adjacent normal
tissues from patients were first sliced into 4 ym-thick sections.
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Afterwards, sections were fixed (24 h at 4°C) using 7.5%
buffered formalin and embedded with paraffin. Then depa-
raffinization and antigen retrieval [in (pH 6.0) citrate buffer
at 98°C for 5 min, in 3% H,0, for 15 min at 98°C in a dark
place] were performed prior to incubation with the primary
ISL1 antibody (cat. no. sc-390793; 1:50) overnight at 4°C.
Subsequently, slides were incubated with horseradish perox-
idase-conjugated secondary antibody (ZSGB-BIO; OriGene
Technologies, Inc., Beijing, China) at 37°C for 30 min. The
3,3-diaminobenzidine detection kit (Wuhan Boster Biological
Technology, Ltd., Wuhan, China) acted as the final chromogen
and the nucleus was counterstained (3 min at room tempera-
ture) with hematoxylin (0.5%). Images were captured from at
least 6 representative fields of view at magnification, x400. The
immunostaining was assessed by two independent patholo-
gists from Tangshan People's Hospital with no knowledge of
the groups.

Statistical analysis. All data were analyzed using GraphPad
Prism 6.0 (GraphPad Software, Inc., La Jolla, CA, USA) and
expressed as the mean + standard deviation. Comparisons
between two groups and multiple groups were performed by
unpaired Student's t-test and one-way analysis of variance
followed by a Student-Newman-Keuls test, respectively. The
¥’ test was applied for the analysis of the association between
ISL1 and clinicopathological characteristics of patients. P<0.05
was considered to indicate a statistically significant difference.
Each experiment was replicated three times.

Results

ISL1 is overexpressed in tumor tissues of patients with TNBC.
To identify whether ISL1 was increased in tumor tissues, the
present study detected mRNA expression levels of ISL1 in
tumor tissues and normal adjacent tissues in 35 patients with
TNBC by RT-qPCR. As indicated in Fig. 1, ISL1 mRNA and
protein levels were significantly increased in tumor tissues
compared with those in normal adjacent tissues.

In addition, the association between changes in ISLI
expression levels and the clinicopathological characteristics of
the patients are summarized in Table I. There was no signifi-
cant difference in ISL1 levels between <35-year-old patients
(3.15+1.35) and those aged =35-years (3.37+1.21; P=0.64).
There were 17 patients whose tumor-size was <4 cm and
18 patients whose tumor-size was =4 cm, but no significant
differencein ISL1 levels was observed between these two groups
(3.39£1.25 vs. 3.24+1.97, respectively; P=0.71). According to
their histological grade by the Nottingham modification of
the Scarff-Bloom-Richardson (NSBR) grading scheme (19),
patients were grouped into well/intermediate differen-
tiation (n=14) and poor differentiation groups (n=21), but no
significant difference in ISL1 expression levels was observed
between the two groups (3.45+1.11 vs. 3.22+1.67, respectively;
P=0.60). In total, 22 patients exhibited Tis-T2 invasion depth,
while 13 patients exhibited T3-T4 invasion depth (19). The
expression levels of ISL1 in these patients were 3.17+1.37 and
3.56+1.77, respectively, with no significant difference between
the two groups (P=0.36). By contrast, a significant difference
in ISL1 levels was observed for lymph node metastasis between
NO and N1-N3 (2.71+0.85 vs. 3.59+1.24; P=0.04). Similarly, a
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Table I. Association between ISL1 expression and clinicopathological parameters of patients with breast cancer.

Clinicopathological parameters N ISL1 (fold-change) P-value

Age, years 0.64
<35 9 3.15+1.35
=35 26 3.37+1.21

Tumor size, cm 0.71
<4 17 3.39+1.25
=4 18 3.24+1.97

Histological grade 0.60
Well/intermediate differentiation 14 3.45+1.11
Poor differentiation 21 3.22+1.67

Invasion depth 0.36
Tis-T2 22 3.17x£1.37
T3-T4 13 3.56+1.77

Lymph node metastasis 0.04*
NO 11 2.71+0.85
N1-N3 24 3.59+1.24

Distant metastasis 0.042
MO 29 3.13x1.25
M1 6 4.22+1.49

2P<0.05. Tis, tumor in situ. ISL1, Islet 1.
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Figure 1. ISLI is overexpressed in tumor tissues from patients with triple-negative breast cancer. (A) The mRNA levels of ISLI in tumor tissues and normal
adjacent tissues were detected using reverse transcription quantitative polymerase chain reaction. Significant increases in ISL1 levels were observed in tumor
tissues compared with normal adjacent tissues. (B) The protein levels of ISL1 in tumor tissues and normal adjacent tissues were assessed by immunohisto-
chemistry. An increase in ISL1 levels was identified in tumor tissues compared with normal adjacent tissues (magnification, x400). *“P<0.0001. ISLI, Islet 1.

significant difference in ISL1 levels was observed for distant
metastasis between MO and M1 (3.13x£1.25 vs. 4.22+1.49;
P=0.04).

ISLI promotes cell proliferation in TNBC cells. To addition-
ally explore the function of ISL1 in TNBC cells, the present
study determined the proliferation of MDA-MB-231 and
MDA-MB-468 cells in response to silencing and overex-
pressing of ISL1. Western blotting confirmed that the ISL1
protein levels in MDA-MB-231 cells were decreased upon
silencing of ISL1 compared with those in the control siRNA
group. By contrast, the ISL1 protein levels were increased
following overexpression of ISL1 in MDA-MB-231 cells
compared with those in the pcDNA3 group (Fig. 2A and B).

In addition, silencing ISL1 inhibited the proliferation of
MDA-MB-231 and MDA-MB-468 cells compared with that
observed in the control siRNA groups, while overexpression
of ISL1 promoted cell proliferation in MDA-MB-231 and
MDA-MB-468 cells in comparison with cells transfected
with pcDNA3 (Fig. 2C-F).

ISL1 improves the invasive ability of TNBC cells. To explore
the role of ISL1 in cell invasion, a Transwell assay was used
to evaluate the invasion ability of MDA-MB-231 cells trans-
fected with ISL1 siRNA or control siRNA. Silencing ISL1
markedly inhibited the invasion ability of MDA-MB-231
cells compared with that of the control siRNA group cells
(Fig. 3A). Conversely, overexpression of ISL1 increased the
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Figure 2. ISL1 promotes cell growth of triple-negative breast cancer cells. (A) In MDA-MB-231 cells, ISL1 siRNA significantly decreased ISLI protein
level compared with control siRNA, and pcDNA3-ISL1 markedly increased ISL1 protein level compared to pcDNA3. (B) Densitometric analysis of data
from (A). "P<0.05 vs. control siRNA and “P<0.01 vs. pcDNA3. (C) ISL1 siRNA markedly inhibited cell proliferation of MDA-MB-231 cells compared
with control siRNA. “P<0.01 vs. control siRNA. (D) pcDNA3-ISLI significantly accelerated cell growth of MDA-MB-231 cells compared with pcDNA3.
“P<0.05 vs. pcDNA3. (E) ISL1 siRNA markedly inhibited cell proliferation of MDA-MB-468 cells compared with control siRNA. “P<0.01 vs. control siRNA.
(F) pcDNA3-ISL1 significantly accelerated cell growth of MDA-MB-468 cells compared with pcDNA3-transfected cells. “P<0.01 vs. pcDNA3. siRNA, small

interfering RNA; ISLI, Islet 1.

number of cells that invaded into the lower chamber compared
with that observed in the group transfected with pcDNA3
(Fig. 3B). Similar results were observed in MDA-MB-468
cells (Fig. 3C and D). These data indicated that ISL1 may
promote the metastasis of TNBC cells.

ISL1 exhibits anti-apoptotic ability in TNBC cells. Next,
the present study sought to examine the function of ISL1 in
TNBC cell apoptosis. Silencing ISL1 induced a significant but
relatively small increase in cell apoptosis in MDA-MB-231
and MDA-MB-468 cells compared with that observed in the
control siRNA group (Fig. 4), suggesting that ISL1 is involved
in the regulation of cell apoptosis in TNBC cells.

ISL1 inhibits cisplatin-induced cell apoptosis in TNBC cells.
As a modest anti-apoptotic ability was observed for ISL1
in MDA-MB-231 cells, it was hypothesized that ISL1 may
antagonize the cell apoptosis induced by chemotherapy agents
and contribute to chemoresistance. The results revealed that
cell proliferation was markedly inhibited following cisplatin
treatment in the MDA-MB-231 and MDA-MB-468 cell lines,
compared with that observed in the vehicle group. Additionally,
cisplatin-induced cell proliferation was significantly
decreased by overexpression of ISL1 and enhanced by ISL1
silencing (Fig. 5A and B). Flow cytometry analysis indicated
that cisplatin significantly increased apoptosis in TNBC cells
compared with that observed in control cells treated with vehicle.
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Figure 5. ISL1 decreases cisplatin sensitivity of TNBC cells. (A) Compared with the vehicle group, treatment with 10 #M cisplatin induced a significant cell
growth arrest, which was partially reversed by ISL1 overexpression and augmented by ISL1 silencing in MDA-MB-231 cells. (B) Compared with the vehicle
group, treatment with 10 #M cisplatin induced a significant cell growth arrest, which was partially reversed by ISL1 overexpression and augmented by ISL1
silencing in MDA-MB-468 cells. (C) Compared with the vehicle group, significant cell apoptosis was induced by 10 M cisplatin treatment, which was
reversed by ISL1 overexpression and augmented by ISL1 silencing in MDA-MB-231 cells. (D) Compared with the vehicle group, significant cell apoptosis was
induced by 10 M cisplatin treatment, which was reversed by ISL1 overexpression and augmented by ISLI silencing in MDA-MB-468 cells. “P<0.05, “P<0.01
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In addition, cisplatin-induced cell apoptosis was reversed by  cells (Fig. 5C and D). These results demonstrated that ISL1 may
ISL1 overexpression and increased by ISL1 silencing in TNBC  decrease the sensitivity of TNBC cells towards cisplatin.
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ISLI regulates pro-apoptotic and anti-apoptotic proteins.
To explore the potential molecular mechanism of ISL1 in an
anti-apoptosis pathway, the protein levels of pro-apoptotic
(Bax) and anti-apoptotic (Bcl-2 and p-Akt) proteins were
detected in MDA-MB-231 cells. Silencing ISL1 increased Bax
protein levels, and decreased Bcl-2 and p-Akt protein levels
(Fig. 6A and B), while overexpression of ISL1 decreased Bax
protein levels, and increased Bcl-2 and p-Akt protein levels
(Fig. 6A and C). These data indicated that ISL1 is involved
in the modulation of cell apoptosis through the regulation of
anti-apoptotic and pro-apoptotic proteins.

Discussion

Breast cancer remains a leading cause of mortality in women
worldwide (1). Compared with other types of breast cancer,
TNBC is characterized by increased aggressive behavior and
relatively poorer clinical outcome (20). The present study
revealed that ISL1 was involved in the development of TNBC
via regulating cell proliferation, cell invasion and chemo-
therapy sensitivity in TNBC cells.

Using Affymetrix, ISL1 was first observed to be upregulated
in biliary tract cancer tissues compared with normal biliary
epithelial scrapings (21). Subsequently, ISL1 was identified
as a marker for pancreatic endocrine tumors and metastasis,
and was also observed to be overexpressed in rhabdomyosar-
coma (22,23). Furthermore, the results of immunohistochemistry
in 348 breast cancer tissues indicated that ISL1 expression

was notably increased in TNBC tissues compared with that
in tissues of other breast cancer sub-types (17). A recent study
revealed that ISL1 promoted gastric cancer cell proliferation
via the regulation of cyclin-B1, cyclin-B2 and c-Myc (24). The
present study revealed that ISL1-knockdown inhibited cell
proliferation, while ISL1 overexpression promoted cell prolif-
eration in MDA-MB-231 and MDA-MB-468 cells. In addition,
ISL1-knockdown decreased the number of MDA-MB-231 and
MDA-MB-468 cells that invaded through Transwell chambers,
while ISL1 overexpression increased the invasion ability of
these cells. Together, these data suggest that ISL1 promotes the
progression of TNBC.

With no targeted therapy, the treatment of patients with
TNBC primarily relies on chemotherapy. However, de novo
and acquired chemoresistance usually result in poor drug
response and eventually lead to patient mortality (25).
Numerous genes have been demonstrated to contribute to
chemotherapy resistance in TNBC (26,27). The present study
identified that ISL1 knockdown induced a slight increase
in cell apoptosis. However, in the presence of cisplatin,
ISL1 downregulation notably increased the apoptosis of
MDA-MB-231 and MDA-MB-468 cells. Furthermore,
ISL1 overexpression was able to reverse cisplatin-induced
apoptosis in MDA-MB-231 and MDA-MB-468 cells. The
ratio of Bcl-2/Bax, which is deregulated in cisplatin-induced
cell apoptosis, has been demonstrated to be critical for cell
survival (28,29). In addition, previous studies have indicated
that high expression levels of p-Akt contribute to cisplatin



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 42: 2343-2352, 2018

resistance via inhibition of cell apoptosis in various types of
cancer (30,31). In the present study, ISL1 silencing markedly
increased Bax protein levels, and decreased Bcl-2 and p-Akt
protein levels in MDA-MB-231 cells. Conversely, the overex-
pression of ISL1 markedly decreased Bax levels, and increased
Bcl-2 and p-Akt levels. Collectively, the results of the present
study indicated that ISL1 may suppress cell apoptosis, particu-
larly cisplatin-induced cell apoptosis, in TNBC cells.

In conclusion, the present study identified ISL1 as a poten-
tial oncogene in TNBC, as ISL1 promoted cell proliferation
and invasion and inhibited cell apoptosis in TNBC cells.
Furthermore, ISL1 overexpression reversed cisplatin-induced
cell apoptosis, indicating that ISL1 inhibited the sensitivity of
TNBC cells towards cisplatin. Therefore, ISL1 may be a prom-
ising therapeutic target and a predictor of cisplatin sensitivity
for patients with TNBC.
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