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ABSTRACT
Purpose: The HMGI-C (high mobility group protein isoform I-C) protein is a member of the high-mobility
group AT-hook (HMGA) family of small non-histone chromosomal proteins that can modulate
transcription of an ample number of genes. Genome-wide studies reveal upregulation of the HMGI-C gene
in many human cancers, which suggests that HMGI-C might play a critical role in the progression of
various tumors. However, the exact role of HMGI-C in breast adenocarcinoma has not been made clear.
Methods: HMGI-C mRNA expression in breast cancer samples and marginal normal tissues was
characterized using qRT-PCR. The cytotoxic effects of HMGI-C siRNA on breast adenocarcinoma cells were
determined using MTT assay. Relative HMGI-C mRNA and protein levels were measured by quantitative
real-time PCR and western blotting, respectively. Apoptosis detection was done using TUNEL and
Annexin-V/PI assays, P53, caspase 3, 9, 8 and Bcl2 proteins evaluated by protein gel blot and miR34a, Let-
7a genes investigates by QRT-PCR assay. Cell cycle was analyzed by flow cytometry assay using propidium
iodide DNA staining. Results: An overexpression of HMGA2 was revealed with highly statistically
significant differences between breast cancer samples and marginal normal tissues (P < 0.0001). HMGI-C
siRNA significantly reduced both mRNA and protein expression levels in a 48-hour period after
transfection and in a dose-dependent manner. We observed that the knockdown of HMGI-C led to the
significant induction of apoptosis via mitochondrial pathway by inducing miR34a and cell cycle arrest in
MDA-MB-468 cells in vitro. Conclusions: These results propose that HMGI-C might play a critical role in the
progression of breast adenocarcinoma. Here we introduced HMGI-C as a potential therapeutic target for
trigger apoptosis and cell cycle arrest in human breast adenocarcinoma. Therefore HMGI-C siRNA may be
an effective adjuvant in human breast adenocarcinoma.
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Introduction

Breast cancer is the most common cancer diagnosed among
women worldwide, accounting for nearly 1 in 3 cancers, and it
is the second cause of cancer death among women, following
lung cancer.1 Despite the great improvements in clinical and
therapeutic techniques in recent years, many advanced breast
cancer patients still die of postoperative recurrence and metas-
tasis disease. One of the primary reasons for ineffective thera-
pies for these patients is our lack of understanding about the
complete and accurate molecular mechanisms involved in
carcinogenesis, progression and invasion of breast cancer.
Therefore, the innovation of new treatment modalities to over-
come these ineffective therapies of tumor cells may be a poten-
tial source of improved therapies.

Using small interfering RNA (siRNA) has been a strategy for
studying gene function and disease treatment. There are com-
monly multiple RNAi gene therapy strategies being studied
clinically for the treatment of respiratory syncytial virus infec-
tion and age-related macular degeneration (AMD).2 The effec-
tiveness of siRNA in cancer treatment is allocated because of its
potential and high efficiency, knock downing in the advanced

stages of growth and costing less than other methods of gene
therapy,3-5 and offering high specificity compared to other can-
cer therapy methods such as operation and chemotherapy.6,7

HMGI-C protein, also known as HMGA2 protein, belongs
to the family of nuclear non-histone phosphoproteins called
the high mobility group (HMGA). These proteins contain
3 basic short sequences, called the AT-hook. These basic
sequences bind to AT-rich regions of the minor groove of
B-form DNA. These proteins are involved in many fundamen-
tal cellular processes, including mitosis, cell-cycle control, cell
division, regulation of transcription (by binding to transcription
factors such as NF-kB, ATF-2/c-Jun, Elf-1, Oct-2, Oct-6, SRF,
NF-Y, PU-1, RAR), differentiation and cellular aging.8-10

HMGI-C protein is relatively overexpressed where cells prolif-
erate rapidly (early embryo tissues), parenchymal organs, prolif-
erating epithelial cells,11 mesenchymal cell condensations and
mesenchymal derivatives.12 The expression of HMGA genes are
suppressed in differentiated cells and the HMGI-C gene is
underexpressed in adult human tissues other than embryonic
tissues.13,14 In contrast HMGI-C gene overexpression is
observed in many human malignancies such as non-small lung
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cancers,15 pancreatic carcinoma,16 epithelial ovarian cancers,17

colorectal cancer,18 retinoblastomas,19 squamous cell carcino-
mas,20 myeloproliferative disorder21 and it has also been found
to participate in EMT.22,23 The studies related to breast cancer
suggest that transcriptional re-expression of HMGI-C may be
important in the progression of breast cancer.

Recent studies described the mechanism of post-transcrip-
tion control of the HMGI-C gene expression by micro-
RNA.24-26 Let-7 was described as a negative regulator of the
HMGI-C gene. Recently, microRNAs were shown to regulate
the expression of an ample amount of genes, especially tumor
suppressor genes and oncogenes including p53 and Bcl2.27

However, despite the extensive research done in the field of
microRNAs, the functional role of microRNAs is not
completely understood. Many of the miRNAs play a role in
the regulation of apoptosis. Recent studies have shown the
effect of apoptosis-related gene alternation in miRNA change
during cancer therapy. For instance, the most significant
induction is related to miR-34a and p53, which have a direct
effect on the regulation of each other.28,29

In this study, we show a valid cancer-relevant overexpres-
sion of the HMGI-C level that is associated with the survival of
the human breast adenocarcinoma cell (MDA-MB-468). We
used a small interference RNA technique to suppress HMGI-C
expression in the human breast adenocarcinoma MDA-MB-
468 cell line and investigated the effect of HMGI-C silencing
on apoptosis and the cell cycle. Remarkably, here we report
that HMGI-C is a direct transcriptional target of miR-34a. We
demonstrate that suppression of HMGI-C promotes apoptosis
and leads to dramatic global alterations in miR-34a expression.

Results

HMGI-C overexpression in breast cancer tissues and
cultured cells

In this study, we evaluated the expression level of HMGI-C
genes in 15 breast cancer samples and 15 marginal normal tis-
sues, using quantitative real time PCR. The expression levels of
the HMGI-C gene were detected in all samples of breast cancer
tissues versus marginal normal tissues (Fig. 1). In addition, the
results of HMGI-C expression in breast adenocarcinoma cells
(MDA-MB468) and normal fibroblast cells (HFF-1) showed
the significant overexpression of HMGI-C in MDA-MB-468
cells compared to HFF-1 cells (Fig. 1).

siRNA suppressed HMGI-C mRNA and protein levels in
breast adenocarcinoma cells

First, we explored the effect of siRNA on HMGI-C gene expres-
sion in MDA-MB468 cells by qRT-PCR and western blot analy-
sis. Relative HMGI-C gene expression was calculated in relation
to the control group, which was considered 100%. As shown in
Figure 2, HMGI-C siRNA led to a marked time-dependent
reduction of HMGI-C mRNA and both dose-dependent
mRNA and protein levels (p < 0.05; relative to the control). At
24, 48 and 72 h after the transfection, the relative HMGI-C
mRNA expression levels were 77.06%, 54.10% and 78.95%,
respectively (Fig. 2A), and the dose-dependent at 40, 60, 80

pmol of HMGI-C siRNA transfection relative HMGI-C mRNA
expression levels were 88.87%, 71.13% and 47.25%, respectively
(Fig. 2B). HMGI-C protein expression levels were 67.10%,
11.65% and 8.20%, respectively (Fig. 2C and D) (p < 0.05).
Notably, treatment with NC siRNA had a minimal effect on
mRNA and protein levels compared with the control group.
After the time and dose optimization, the best knockdown was
achieved in 48 h and 80 pmol siRNA, further experiments were
performed in the same conditions.

HMGI-C silencing cause down regulation in Let-7 and
induction in miR-34a levels

A QRT-PCR analysis was performed for evaluation of the Let-
7, miR-34a expression after HMGI-C knock downing by
specific siRNA. The results showed Let-7 and miR-34a expres-
sion was calculated in relation to the control group. As shown
in Figures 2A and B, HMGI-C silencing caused downregulation
of Let-7 and induction of miR-34a in the treated group com-
pared to the control group (p < 0.05). The relative Let-7
expression levels in the treated group were reduced to 19.33%
and miR-34a expression increased to 117.28% (Fig. 3).

HMGI-C suppression caused reduction on breast
adenocarcinoma cell survivability

To assess whether downregulation of HMGI-C has a cytotoxic-
ity effect in breast adenocarcinoma cells, a treatment of HMGI-
C siRNA or NC siRNA was performed on MDA-MB468 cells.
As shown in Figure 3, treatment with HMGI-C siRNA induced
cytotoxicity in a dose-dependent way. The results of MTT assay
showed that the IC50 of HMGI-C siRNA is 65.73 pmol and
transfection interfere materials are not significantly toxic for
the cells (p < 0.05). In contrast, no significant differences in
cell viability were found between the NC siRNA transfected
cells and the control group (p < 0.05) (Fig. 4).

Figure 1. Analysis of the HMGI-(C)mRNA expression in breast cancer patients.
HMGI-C mRNA expression levels evaluated in 12 marginal tissues, 12 tumoral tis-
sues, MDA-MB-468 and HFF-1 cells. ����p < 0.0001 vs. marginal tissues group and
HFF-1 cells.
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Suppression of HMGI-C induced apoptosis through intrinsic
pathway

To understand the sensitizing effect of HMGI-C siRNA that
was linked to the enhancement of apoptosis, the HMGI-C
siRNA was transfected into MDA-MB-468 cells. The num-
ber of surviving cells was decreased compared to the control

group. We found the amount of this decrease was impres-
sive, because the transfection efficiency for the overall popu-
lation was more than 40%. The depression in a tumor cell
number was associated with the appearance of TUNEL-pos-
itive cells (Fig. 5A and B). To investigate whether cell death
was induced by specific siRNA through apoptosis, Annexin
V/PI assay was performed. As shown in Figures 5C, D, E,

Figure 2. Suppression of HMGI-(C)mRNA and protein expression by siRNA in breast adenocarcinoma. HMGI-C mRNA expression in MDA-MB-468 cells, which were trans-
fected with specific siRNA or (NC) siRNA after (A) 24, 48, 72 h, and (B) 40 pmol, 60 pmol, 80 pmol of specific siRNA. Relative HMGI-C mRNA expression was measured by
qRT-PCR using 2(-DDCt) method. (C) A representative protein gel blot of b-actin and HMGI-C proteins from cells transfected with HMGI-C siRNA or (NC) siRNA. (D) The
expression level of each band was quantified using densitometry and normalized to the respective B-actin. The results were expressed as mean § SD (n D 3); �p < 0.05,
��p < 0.001, ��� p D 0.0001, ����p < 0.0001 versus control group.

Figure 3. Relative Let-7a (A) and miR-34a (B) expression levels were measured by qRT-PCR using 2(-DDCt) method. ��p < 0.001, ����p < 0.0001 vs. control group.
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and G, we saw an increase in the cell population stained
with Annexin V. We did not see an obvious change in the
cell population stained with PI. In both TUNEL and
Annexin V/PI assay, treatment with NC siRNA displayed
no distinct alterations in the extent of apoptosis relative to
the control group (p>0.05).

To determine which apoptosis pathway was involved, the
levels of P53, caspase-3 and caspase-9 protein expression in
80 pmol treated group were significantly higher than those con-
trols. In contrast, the levels of Bcl2 protein in the treated group
were significantly lower than controls. Interestingly, we did not
see a significant difference between the caspase 8 levels in those
groups (Fig. 5G and H).

HMGI-C mediated silencing arrest G0/G1 in breast
adenocarcinoma cells

To observe whether the sensitizing effect of HMGI-C siRNA
was linked to the arresting cell cycle or not, we did FACS analy-
sis. When the HMGI-C siRNA was transfected into MDA-MB-
468 cells, HMGI-C knock downing prevented mitotic entry by
inducing G0/G1 arrest and eliminating cells with impaired
DNA. We performed FACS analysis to determine the effect of
HMGI-C knock downing on cell cycle distribution. FACS cell
cycle profiles revealed a gradual transition from G0/G1 to
S phase in transfected HMGI-C cells during 48 h incubation
after transfection of 80 pmol specific HMGI-C siRNA. At 48 h
incubation, 51.71% of the MDA-MB-468 cells were in G0/G1,
13.12% in S and 29.16 % in G2/M while NC siRNA displayed
no significant difference (p > 0.05) (Fig. 6).

Discussion

Overexpression of oncogenes causes tumor progression in
many human cancers. Some of the oncogenes,30,31 have the
ability to regulate not only proliferation but also inhibit apopto-
sis in many kinds of cancers including breast adenocarci-
noma.32 Previous studies also have proved that HMGI-C plays
an important role in the processes of many kinds of human
malignant epithelial tumors, including the functions of enhanc-
ing cell growth and invasion. Recently, the clinical association
of HMGI-C in breast cancer has been reported.33,34 The data
show HMGI-C is overexpressed in human breast adenocarci-
noma, and might be involved in apoptosis and the cell cycle.
However, the essential roles of HMGI-C in cancer remain
unclear.

To clarify the role of HMGI-C in cancer, especially in breast
adenocarcinoma, HMGI-C expression was suppressed by

Figure 4. Effect of HMGI-C siRNA on the MDA-MB-468 cells. 48 h after transfection
with HMGI-C siRNA (40, 60, 80 pmol), cytotoxicity of treatments was determined
by MTT assay. The results were expressed as mean § SD (n D 3); ��P < 0.01,
���P < 0.001 versus control group.

Figure 5. siRNA-mediated targeting of HMGI-C strongly sensitized MDA-MB-468 cells by stimulation of apoptosis. Untreated (A), and 80 pmol HMGI-C treated MDA-MB-
468 (B) were prepared and assayed with TUNEL assay. FACS analysis of cell distribution for apoptosis and necrosis on MDA-MB-468 cells for untreated (C), (NC) siRNA (D)
and 80 pmol siRNA (E), prepared after 48 h. Percentage of dual-positive (Annexin V and PI positive) cells from 3 independent experiments were quantified and
presented as mean § SD (n D 3). (F) Relative P53, caspase3, 9, 8, Bcl2 (5G, 5H) protein expression were evaluated by immune-blotting and densitometry using imageJ
software. �p < 0.05, ����p < 0.0001, vs. control group.
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specific siRNA in breast adenocarcinoma cells. Cytotoxicity
assay showed the IC50 of specific HMGI-C siRNA in concen-
tration of 65.73 pmol. The data showed HMGI-C may play a
critical role in the survival and growth of cancerous cells.

An apoptosis assay showed the cell death was applied by
means of apoptosis after blocking the expression of HMGI-
C.35,36 The results of TUNEL and Annexin V/PI assays showed,
downregulation of HMGI-C expression significantly induced
apoptosis in MDA-MB-468 cells. Furthermore, overexpression
of the apoptosis-related proteins including P53, caspase 3 and
caspase 9, and reduction of anti-apoptotic Bcl2 confirm the
apoptosis induction strongly. This suggests that the major path-
way for cell death through HMGI-C inhibition was a mito-
chondrial pathway.

To see the impact of micro-RNA involvement in the activa-
tion of apoptosis, we measured the expression levels of the
miR-34a and Let-7 in HMGI-C silenced cells. The results sug-
gested miR-34a induction is related to HMGI-C silencing. This
finding revealed the probable roles of miR-34a induction on
overexpression of P53 and downregulation of Bcl2 in the apo-
ptosis pathway.37,38 Let-7a is known as HMGI-C regulator,22

and interestingly, the Let-7a expression level was downregu-
lated followed by HMGI-C silencing. The result suggested that
by knock downing the HMGI-C, the necessity for the presence
of the Let-7a was lost.

We also assessed the cell cycle changes of untransfected
NC siRNA and transfected MBA-MB-468 cells, and the
results indicated suppression of HMGI-C expression could
arrest the G0/G1 phase of the cell cycle in MDA-MB-468
cells significantly.

These data provide evidence that HMGI-C may be an
important regulator of human breast adenocarcinoma as an
apoptosis inhibitor and a cell cycle inducer. Our results are sim-
ilar to those of previous studies on other kinds of can-
cers17,35,39,40 and we suggested the new anti-apoptotic signaling
axis model through HMGI-C and miR-34a (Fig. 6).

In this model, HMGI-C induced an anti-apoptotic pathway
by inhibiting miR-34a. The results suggest miR-34a expression
levels correlate with the apoptosis. miR-34a activates the tumor
suppressor p53, and downregulates Bcl2. Following mir-34a/
P53, caspase 9 was active through mitochondrial pathway and
apoptosis happened (Fig. 6).38

The research team concluded that HMGI-C targeting might
represent a promising therapeutic approach for activating the
apoptosis and cell division inhibition in breast adenocarcinoma
patients with HMGI-C overexpression. Furthermore, addi-
tional in vitro and in vivo studies are needed to clarify the roles
of HMGI-C in human cancers.

Materials and methods

Materials

Negative control siRNA (NC siRNA) and pooled human
HMGI-C siRNA (a pool of 3 different siRNA duplexes sequen-
ces including siRNA duplex A (sc-37994A) Sense: GCACUUU-
CAAUCUCAAUCUtt and Antisense: AGAUUGAGAUUGA
AAGUGCtt, siRNA duplex B( sc-37994B) Sense: GUGACCA-
CUUAUUCUGUAUtt and Antisense: AUACAGAAUAA-
GUGGUCACtt, siRNA duplex C (sc-37994C) Sense: GAGA
CGAAAUGCUGAUGUAtt and Antisense: UACAUCAGCAU
UUCGUCUCtt), goat polyclonal anti HMGI-C anti-body,
monoclonal b-actin antibody, siRNA transfection reagent and
siRNA transfection medium were purchased from Santa Cruz
Biotechnology (California, USA). Monoclonal P53, caspase3,
caspase 9, caspase 8 and Bcl2 antibodies were bought from
Abcam� (Abcam, Cambridge, MA, USA).

Rabbit anti-goat antibody was purchased from Cytomatin
Gene Company (Isfahan, Iran), and rabbit anti-mouse antibody
was purchased from Razi Institute. QRT-PCR master mix was
purchased from Takara Bio Inc. (Shiga, Japan) and miRNA
expression was measured by miRCURY LNA microRNA
Reagents (Exiqon), TUNEL and Annexin-V-FLUOS Staining
Kit were bought from Roche (Roche, Mannheim, Germany)
and propidium iodide dye was purchased from Sigma Aldrich
(USA).

Ethics statement

For the analyzed tissue specimens, all patients gave informed
consent to use excess pathological specimens for research pur-
poses. The protocols employed in this study and the use of
human tissues was approved by the Ethics Committee of Tabriz
University of Medical Sciences by the number of 92/74. The
manuscript was accompanied by a statement that the experi-
ments were undertaken with the understanding and written
consent of each subject and according to the above mentioned
principles.

Human tissue specimens and cell line

Fifteen pathologically diagnosed metastatic breast cancer sam-
ples and marginal normal tissue samples were acquired from
patients with breast cancer, including 4 with distant metastasis.
Breast cancer patient tissues were immediately frozen in liquid
nitrogen and were stored at ¡80�C until further use. Cancer
tissue samples were obtained from the Emam Reza Hospital
affiliated with Tabriz University of Medical Sciences. Human
breast cancer cells (MDA-MB-468) and human normal fibro-
blast cells (HFF-1) were obtained from the Pasteur Institute
(Tehran, Iran). Cells were maintained in RPMI 1640 with

Figure 6. siRNA-mediated targeting of HMGI-C, prolonged G0/G1 arrest in MDA-
MB-468 cells. Untreated, (NC) siRNA and 80 pmol HMGI-C treated cells were
prepared and stained with the propidium iodide (PI). The percentage of the cell
population in untreated, negative-control siRNA and 80 pmol HMGI-C siRNA group
evaluated in each phases. The results are expressed as mean § SD (n D 3);
�p < 0.05, versus control group.
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10% FBS (GIBCO, Carlsbad, CA, USA) and were cultured at
37�C with 5% CO2. The cells were sub-cultured 24–48 h later
with an initial concentration of 4£104 cells/ml and used in the
logarithmic phase in all experiments.

In vitro gene silencing

Just before transfection, the cells were cultivated in RPMI-
1640 medium free of serum and antibiotics; 2£105 cells
were seeded in 6-well cell culture plates and used for each
transfection. siRNA transfection (at a final concentration of
80 pmol in all experiments) was performed using siRNA
transfection reagent (Santa Cruz Biotechnology, USA)
according to the manufacturer’s recommendations. Briefly,
siRNAs and the siRNA transfection reagent were diluted in
siRNA transfection medium (Santa Cruz Biotechnology,
USA) separately and incubated for 10 min at room temper-
ature. The diluted solutions were then mixed and incubated
for 15–30 min at room temperature. Subsequently, the mix-
tures were added to each well containing cells and transfec-
tion medium. Moreover, the cells treated with only the
transfection reagent were considered a blank control. The
cell culture plates were then incubated for 5–7 h at 37�C in
a CO2 incubator. Following on, RPMI-1640 medium con-
taining FBS (final FBS concentration of 20%) was added,
with cells being incubated under the above mentioned
conditions.

Quantitative reverse transcriptase polymerase chain
reaction analysis (QRTPCR)

Total cellular RNA was isolated by AccuZol reagent (Bioneer,
Daedeok-gu, Daejeon, Korea). cDNA (cDNA) was synthesized
from 1 mg of total RNA by use of M-MLV reverse transcriptase
(Promega, Madison, WI, USA) and random hexamer primer
according to Thermo Fisher Scientific manufacturer’s instruc-
tions. qRT-PCR was performed in the Rotor-Gene 6000 system
(Corbett Life Science, Mortlake, NSW, Australia) using SYBR
Premix Ex Taq (Takara Bio, Otsu, Shiga, Japan). The reaction
system of PCR was: 5 ml of SYBR green reagent, 0.2 mM of
each primer, 1 ml of cDNA template and 6 ml of nuclease-free
distilled water.

The primer sequences were as follows in Table 1.
The evaluation of HMCI-C, caspase 3, 8, 9 and Bcl2 were

performed by initial denaturation step at 94�C for 10 min, fol-
lowed by 40 cycles at 94�C for 10 sec, 59�C for 30 sec and 72�C
for 20 sec, using b-actin as the reference gene. The evaluation
of miRNA expression was carried out by initial denaturation
step at 95�C for 10 min, followed by 45 cycles at 95�C for

10 sec and 60�C for 60 sec, and miR-103 was used as internal
control.41 Relative, mRNAs expression was measured with the
2 ¡(DDCt) method (Livak and Schmittgen, 2001).

Protein expression assay

Following treatment, the cells were washed twice with cold
PBS and lysed on ice in radio immunoprecipitation assay
(RIPA) buffer (1% SDS, 1% Triton X-100, 1 mM EDTA,
pH 8, 50 mM Tris-HCl, pH 7.4 and 150 mM NaCl) con-
taining protease inhibitor cocktail (Roche Diagnostics
GmbH) for 30 min on ice. Suspensions were centrifuged at
14,000 rpm for 10 min at 4�C and cellular debris was dis-
carded. Protein concentrations were quantified using Nano-
Drop (Thermo Scientific, Wilmington, USA). Fifty
micrograms of each protein sample were separated on
12.5% SDS-polyacrylamide gel electrophoresis, transferred
to poly vinylidine difluoride membranes (Roche Diagnostics
GmbH) and then blocked with 0.5% Tween-20 in PBS/
Tween-20 (0.05%, v/v) overnight at 4�C. Following on, the
membranes were probed in 1 h at room temperature with
polyclonal primary antibodies against HMGI-C (1:2000)
and monoclonal antibodies against b-actin (1:5000), p53,
caspase 3, 8, 9 and Bcl2 (1:1000) and diluted with 3% BSA
in PBS. After four 10 min washes with a buffer containing
PBS and 0.05% Tween-20, membranes were incubated with
appropriate horse radish peroxidase-linked rabbit anti-goat
secondary antibody (1:5000) and rabbit anti-mouse antibody
(Razi institute, Tehran, Iran) diluted in PBS and 0.05%
Tween-20 for 1 h at room temperature. Subsequently, the
membranes were washed and protein bands visualized using
enhanced BM chemiluminescence blotting substrate POD
(Roche Diagnostics GmbH, Mannheim, Germany) and
autoradiography films (Estman Kodak, Rochester, NY,
USA).

Cell proliferation assay

The effect of HMGI-C siRNA on the breast cancer cells was
determined using 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyl-
tetrazolium Bromide (MTT) assay. The experiment was subdi-
vided into 5 groups: non-transfected siRNA (control), negative
control siRNA (NC siRNA), pure HMGI-C siRNA (without
transfection reagent), transfection reagent (cells treated just by
transfection reagent), 40 pmol, 60 pmol and 80 pmol of
HMGI-C siRNA. Briefly, cells were cultured at a density of
15£103 cells/well in 96-well cell culture plates and then trans-
fected with siRNAs. After 48 h of incubation, the cytotoxicity
of the treatments was assessed using the MTT cell proliferation
kit (Sigma-Aldrich, St. Louis, MO, USA) according to the man-
ufacturer’s protocol. The amount of formazan dye was deter-
mined by quantifying its observance (A) at 570 nm (with a
reference wavelength of 650 nm) using a microplate reader
(Awareness Technology, Palm City, FL, USA). The HMGI-C
rate (SR) was measured from the following equation: SR (%) D
(A Treatment /A Control) £100%. The concentration that pro-
duced 50% cytotoxicity (IC50) was determined using GraphPad
Prism 6.01 software (GraphPad Software Inc., San Diego, CA,
USA).

Table 1. Primer sequences.

B-actin F 50-TCCCTGGAGAAGAGCTACG-30
R 50-GTAGTTTCGTGGATGCCACA-30

HMGI-C F 50-TGGGAGGAGCGAAATCTAAA-30
R 50 TCCCTGGAGAAGAGCTACG 30

miR-103-3p Target sequence 50 AGCAGCAUUGUACAGGGCUAUGA 30
Let-7a-5p Target sequence 50 UGAGGUAGUAGGUUGUAUAGUU 30
miR-34a-5p Target sequence 50 UGGCAGUGUCUUAGCUGGUUGU 30
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Apoptosis assay

TUNEL assay
The MDA-MB-468 breast adenocarcinoma cells were culti-
vated at a density of 15£103 cells/well in 96-well plates and
then divided into 3 groups: untreated group (control),
NC siRNA and 80 pmol HMGI-C specific siRNA, as
described in the MTT assay section. After 48 h of incuba-
tion, we performed the TUNEL assay; first cells were fixed
with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO,
USA) solution in PBS for 1 h at room temperature, treated
with 0.3% H2O2-methanol solution, and then permeabilized
with 0.1% Triton X-100 in 0.1% sodium citrate solution for
2 min on ice. The TUNEL assay (Roche Molecular Bio-
chemicals) was carried out following the manufacturer’s
instruction.

Annexin V/PI assay
Annexin-V/PI assay was used to identify the viable, apoptotic
or necrotic cells. The MDA-MB-468 breast adenocarcinoma
cells were cultivated at a density of 2£106 cells/well in 6-well
plates in 3 groups: control, NC siRNA and 80 pmol HMGI-C
specific siRNA. After 48 h of incubation, Annexin-V/PI assay
was performed after 48 h post-treatment, cells were washed
twice with PBS and suspended in 100 ml of the supplied bind-
ing buffer containing Annexin-V-FITC and PI. After incuba-
tion in the dark at room temperature for 15 min, cells were
immediately analyzed by flow cytometer.

Cell cycle assay
The MDA-MB-468 cells were cultivated at a density of 2£106

cells/well in 6-well plates in 3 groups: control, NC siRNA and
80 pmol HMGI-C specific siRNA. Cells were harvested 48 h
after the transfection, fixed with 50% ethanol, treated with
5 mg/ml RNase A (Bioneer, Daedeok-gu, Daejeon, Korea),
stained with 50 mg/ml propidium iodide, and analyzed by flow
cytometry for DNA synthesis and cell cycle status (Partec,
Germany, with FlowJo software).

Statistical analysis

All data in this study was presented as mean § standard devia-
tion (SD). Statistical significance of differences between groups
was explored by using student t-test and analysis of variance
(ANOVA) using GraphPad Prism software. The value of P less
than 0.05 was considered significant.
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