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Abstract. Cytokine‑induced apoptosis inhibitor 1 (CIAPIN1), 
originally termed anamorsin, is an anti‑apoptotic molecule that 
acts as a downstream effector of the receptor tyrosine kinase‑Ras 
signaling pathway. Overexpression of CIAPIN1 contributes 
to multidrug resistance (MDR) and microRNA (miR)‑143 is 
typically considered a tumor suppressor in breast cancer. The 
present study aimed to evaluate the therapeutic potential of 
miR‑143 as a treatment for drug‑resistant breast cancer via the 
downregulation of CIAPIN1 in vitro. The expression levels of 
miR‑143 were measured using quantitative polymerase chain 
reaction and the expression levels of CIAPIN1 were detected via 
western blot analysis. Bioinformatic analyses was additionally 
conducted to search for miR‑143, which may potentially target 
CIAPIN1. Luciferase reporter plasmids were created and used to 
verify direct targeting. In addition, Taxol‑induced drug‑resistant 
(TDR) breast cancer cell proliferation was evaluated using the 
Cell Counting Kit‑8 assay in vitro. The present study identified 
an inverse association between miR‑143 and CIAPIN1 protein 
expression levels in breast cancer MCF‑7, MDA‑MB‑231 and 
MDA‑MB‑453 TDR cells. Specific targeting sites for miR‑143 in 
the 3'‑untranslated region of the CIAPIN1 gene were identified, 
which exhibit the ability to regulate CIAPIN1 expression. It was 
revealed that the repression of CIAPIN1 via miR‑143 suppressed 
the proliferation of breast cancer TDR cells. The findings of the 
present study verified the role of miR‑143 as a tumor suppressor 
in breast cancer MDR via inhibition of CIAPIN1 translation.

Introduction

In women, breast cancer is the most common cancer type, 
accounting for 22.9% of all cancer cases. In China, the 

incidence of breast cancer has been on the rise (1). The disease 
is the leading cause of mortality in patients with distant metas-
tasis, and chemoradiotherapy for advanced breast cancer is 
the most effective treatment method (2,3). As chemotherapy is 
extremely important for the treatment of breast cancer, multi-
drug resistance (MDR) is likely to be a major obstacle (4). 
MDR is a complex process involving multiple mechanisms, 
including the overexpression of energy‑dependent transporters, 
which shuttle anticancer drugs into and out of cells (5,6).

Cytokine‑induced apoptosis inhibitor 1 (CIAPIN1) is a 
newly identified anti‑apoptotic protein; it shares no homology 
with Bcl‑2, caspase, the IAP family or signal‑transduction 
molecules that regulate apoptosis (7). CIAPIN1 is associated 
with MDR in SGC7901/Adr gastric cancer cells  (8,9) and 
HL‑60/Adr leukemia cells (10), in which CIAPIN1 upregu-
lates P‑glycoprotein (MDR1) expression  (8‑10), leading to 
drug resistance. In a study examining MCF‑7/ADM breast 
cancer cells, the same MDR mechanism was reported (11). 
When RNA interference (RNAi) was used to downregulate 
the expression of CIAPIN1 in MCF‑7/ADM breast cancer 
cells, a significant reduction in drug resistance was observed 
and MDR1 expression was inhibited  (11). Therefore, we 
hypothesize that the CIAPIN1 gene is a putative target for the 
treatment of breast cancer MDR (11,12).

Over the last 10 years, a novel class of small RNA molecules 
known as microRNAs (miRNAs/miRs) has been recognized 
as an important regulator of the initiation and progression of 
human cancer types, including breast cancer (13,14). miR‑143 
is generally considered to be a tumor suppressor in breast 
cancer (15,16), however, the mechanisms by which it is down-
regulated here are not yet understood. Although dysregulation 
of CIAPIN1 and miR‑143 is associated with tumorigenesis 
in human breast cancer, little is known about how miR‑143 
acts on CIAPIN1. The current study examined whether there 
are direct interactions between CIAPIN1, miR‑143 and the 
reversal of MDR in breast cancer in vitro.

Materials and methods

Cell lines. Human breast carcinoma MCF‑7, MDA‑MB‑231, 
and MDA‑MB‑453 cell lines, as well as HEK‑293 cells, were 
purchased from the Shanghai Institute of Cell Biology, Chinese 
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Academy of Sciences (Shanghai, China). The cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) in a 5% CO2 incubator at 37˚C, supplemented with 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 
antibiotics (100 µg/ml streptomycin and 100 U/ml penicillin).

Detection of half maximal inhibitory concentration (IC50) 
values of cells against Taxol. Each group of cells (MCF7, 
MDA‑MB‑231 and MDA‑MB‑453), while in the logarithmic 
phase, was seeded (~5,000 cells/well) in culture plates of 96 
wells at 37˚C, with 5% CO2, for 24 h. The culture DMEM 
was removed when the cells adhered to the plate wall. The 
cells were then incubated in 100 µl of medium with Taxol 
(catalog no. 33069‑62‑4; Sigma) in different doses at 37˚C. 
The initial concentration of Taxol was 0.01 µg/ml, and the 
drug concentration was increased by 1-fold after 3 passages 
of culture in vitro. The concentration of Taxol was as follows: 
0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28, 2.56, 5.12, 10.24, 
20.48 and 40.96 µg/ml. Optical density (OD) values of the 
cells were tested using the CCK‑8 method after 48 h of incuba-
tion. The cells were then treated with 10 µl CCK‑8 reagent for 
4 h, and the CCK‑8 Cell Proliferation kit (Beyotime Institute 
of Biotechnology, Nantong, China) was used to measure the 
cell viability according to the manufacturer's instructions. The 
absorbance was measured at 450 nm. The cell growth inhibi-
tion ratio = (1 ‑ mean OD value of experimental group / mean 
OD value of control group) x 100. The dose response curve 
was drawn in different concentrations to calculate the IC50 
using a probit regression model. Each concentration, including 
5 duplicate wells, was experimentally used 3 times indepen-
dently to obtain a mean IC50 value.

Recombinant lentivirus generation and lentivirus infection. 
Lentivirus Package plasmids mix (System Biosciences, Palo 
Alto, CA, USA) and selected LV‑miR‑143 (GenePharma, 
Shanghai, China) were cotransfected into the MCF‑7, 
MDA‑MB‑231 and MDA‑MB‑453 Taxol‑induced drug‑resis-
tant (TDR) breast cancer cells to package and produce lentiviral 
vector and viral titer using the gradient dilution method. 
Lentivirus (1x104 IFU/µl, 20 µl) packaging of green fluorescent 
protein (GFP) was infected into the MCF‑7, MDA‑MB‑231 and 
MDA‑MB‑453 TDR cells at various volumes to obtain the best 
MOI value corresponding to a concentration at which no virus 
toxicity effect on the cells was observed. Subsequently, viruses 
were added at an MOI of 20 to the experimental and control 
groups, which were then incubated under standard conditions. 
At 96 h after infection, cells that had the strongest GFP bright-
ness were selected from the two wells and intermediate clone 
culturing was performed in the experimental group.

Luciferase reporter assay. The cDNA sequence of 
CIAPIN1 (NM_020313.2) was obtained from Genbank 
(https://www.ncbi.nlm.nih.gov/genbank/). The entire 
3'‑untranslated region (3'-UTR) of human CIAPIN1 was 
amplified using polymerase chain reaction (PCR) with human 
genomic DNA as a template. The PCR products were inserted 
into the p‑MIR‑reporter plasmid (Ambion, Austin, TX, USA). 
The correct insertion was confirmed by DNA sequencing. To 
test the binding specificity, the sequences that interacted with the 

seed sequence of miR‑143 were mutated (from TCATCTCA to 
AATCCTCT for the miR‑143 binding site), and the mutant 
(MT) CIAPIN1 3'‑UTR was inserted into an equivalent lucif-
erase reporter plasmid. For luciferase reporter assays, HEK‑293 
cells were seeded in 6‑well plates and co‑transfected with 
2 µg firefly luciferase reporter plasmid (pGL, pGL3‑promoter 
vector; E1761; Promega), 2 µg β‑galactosidase (β‑gal) expres-
sion plasmid (Ambion), and equal amounts (100  pmol) of 
miR‑143 mimic, inhibitor or scrambled negative control RNA 
(RiboBio, Guangzhou, China) using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). The β‑gal plasmid 
was used as a transfection control. Cells were harvested at 48 h 
post‑transfection and analyzed for luciferase activity using a 
luciferase assay kit (Promega, Madison, WI, USA).

Western blot analysis. To perform protein analysis, cell lysates 
were harvested and measured using western blotting, as previ-
ously described (11). Protein sample (50 µg) was fractionated by 
12% SDS-PAGE and transferred to nitrocellulose membranes. 
The membranes were blocked in 5% skimmed milk and PBS for 
2 h and then incubated at 4˚C overnight. The following antibodies 
were used: Anti‑CIAPIN1 (1:300 dilution; catalog no. ab154904; 
Abcam, Cambridge, UK) and anti‑glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) antibody (1:1,000 dilution; catalog 
no. KC-5G4; Kangchen, Shanghai, China). GAPDH served as an 
internal control. After washing, the membranes were incubated 
with FITC‑conjugated secondary antibody (1:5,000 dilution; 
catalog no. ab99772; Abcam) at room temperature for 1 h. 
Images were captured on the Odyssey CLx Infrared Imaging 
System (LI-COR Biosciences, Lincoln, NE, USA). Western blot 
bands were quantified using Odyssey CLx v2.1 software. 

Quantitative‑PCR analysis. TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to extract total RNA 
according to the manufacturer's protocols. Reverse transcrip-
tion (RT) was accomplished by using reverse transcriptase to 
synthesize cDNA. RT was performed using 10X RT buffer, 
Multiscribe Reverse Transcriptase, 10  mM dNTP and 
RT-RNA (Roche Diagnostics GmbH, Mannheim, Germany) 
at 25˚C for 10 min, 37˚C for 2 h and 85˚C for 5 min. PCR was 
perfomed using 10X PCR buffer, 10 mM dNTP, Taq enzyme 
and primers from the Roche SYBR Green PCR Master Mix 

Figure 1. Taxol induces multidrug resistance. IC50 was significantly increased 
by Taxol in breast cancer cells. **P<0.01 for MCF7/Tax versus MCF7, 
MDA‑MB‑231/Tax versus MDA‑MB‑231, and MDA‑MB‑453/Tax versus 
MDA‑MB‑453. IC50, half maximal inhibitory concentration Tax, Taxol; Par, 
non‑multidrug resistant breast cancer cells or normal breast cancer cells.
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kit. The cycling conditions were as follows: 95˚C for 10 min, 
95˚C for 15 sec and 60˚C for 15 sec, and 72˚C for 15 sec, for 
40 cycles. The levels of miR‑143 mRNA were measured using 
SYBR Green incorporation on a Roche LightCycler480 Real 
Time PCR system (Roche Diagnostics GmbH), with U6 as 
an internal control. The PCR primers used were as follows: 
hsa‑miR‑143‑3p forward, 5'‑UGA​GAU​GAA​GCA​CUG​UAG​
CUC‑3' and reverse, 5'‑GTC​GTA​TCC​AGT​GCG​TGT​CGTG‑3'; 
and U6 forward, 5'‑GCT​TCG​GCA​CAT​ATA​CTA​AAAT‑3' and 
reverse, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'. To obtain 
a relative quantitation measurement, the data was analyzed 
using the quantification cycle (Cq) value compared with U6 
mRNA. The amount of target was determined by normalizing 
to endogenous reference [using the 2‑ΔΔCq method (17)] and was 
relative to a calibrator (mean of the control samples).

Statistical analysis. Data analysis was performed using 
SPSS  14.0 software (SPSS Inc., Chicago, IL, USA) and 
Graphpad software (GraphPad Software, Inc., La Jolla, CA, 
USA). The data for the in vitro experiments were repeated 
three times and statistical comparisons between two groups 
were performed by t‑test, and among multiple groups were 
performed by one‑way ANOVA followed by Tukey's multiple 
comparison tests. Data are presented as the mean ± standard 
error of the mean. Results with P<0.05 were considered statis-
tically significant.

Results

TDR. The IC50 values of MCF‑7, MDA‑MB‑231 and 
MDA‑MB‑453 cells exposed to Taxol were measured, and 
it was observed that the values were significantly increased 
(all P<0.01) (Fig. 1), indicating a significant increase in drug 
resistance.

Upregulation of CIAPIN1 protein and downregulation of 
miR‑143 in TDR breast cancer cells. First, the expression of 
miR‑143 in TDR human breast cancer cells was examined and 
it was found that the levels were significantly decreased (all 
P<0.01) (Fig. 2A). Next, the study investigated the differences 

in CIAPIN1 levels in various TDR breast cancer cell lines. 
The amount of CIAPIN1 protein was analyzed using western 
blotting, and a significant increase in CIAPIN1 protein levels 
was found in the TDR cells compared with the non‑TDR cells 
(all P<0.01) (Fig. 2B).

miR‑143 targeting of the CIAPIN1 3'‑UTR. Two independent 
informatics software packages (TargetScan and miRanda; 
http://www.targetscan.org and http://www.microrna.org) were 
used to perform a comprehensive survey for target genes 
according to consensus miR‑143 binding sites. A sequence was 
found to be located at bases 373‑380 of the CIAPIN1 3'‑UTR 
(NM_020313.2), which was highly complementary with the 
seed sequence of miR‑143 (Fig. 3). A luciferase assay was 

Figure 2. Expression of miR‑143 and CIAPIN1 in breast cancer cell lines using quantitative-polymerase chain reaction and western blot analysis. (A and B) A 
significant difference is present in the expression levels of miR‑143 and CIAPIN1 between MDR and non‑MDR breast cancer cells. **P<0.01 for MCF7/Tax 
versus MCF7, MDA‑MB‑231/Tax versus MDA‑MB‑231, and MDA‑MB‑453/Tax versus MDA‑MB‑453. CIAPIN1, cytokine‑induced apoptosis inhibitor 1; 
miR-143, microRNA-143; MDR, multidrug resistant; Tax, Taxol; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Par, non‑MDR breast cancer cells or 
normal breast cancer cells.

Figure 3. miR‑143 downregulates CIAPIN1 by targeting its 3'‑UTR. 
Schematic representation of the predicted target site of miR‑143 in the WT 
and MT 3'‑UTR of CIAPIN1. The seed‑matching sequence is indicated. 
miR‑143 mimic inhibited WT, but not CIAPIN1 3'‑UTR reporter activity in 
HEK293 cells. **P<0.01 vs. pGL‑WT. miR‑143 inhibitor increased luciferase 
activity in HEK293 cells compared with the negative control group. *P<0.05 
vs. pGL‑WT. CIAPIN1, cytokine‑induced apoptosis inhibitor 1; miR-143, 
microRNA-143; Tax, Taxol; WT, wild‑type; MT, mutant; UTR, untranslated 
region; pGL, pGL3-promoter vector.

  A   B
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Figure 4. miR‑143 attenuates the growth of breast cancer TDR cells. (A) Transcript level of miR‑143 determined using quantitative polymerase chain reaction. 
**P<0.01 for MCF7/Tax+Lv‑miR‑143 versus MCF7/Tax, MDA‑MB‑231/Tax+Lv‑miR‑143 versus MDA‑MB‑231/Tax, and MDA‑MB‑453/Tax+Lv‑miR‑143 
versus MDA‑MB‑453/Tax. (B) Fluorescence microscopy results of MCF7/Tax, MDA‑MB‑231/Tax and MDA‑MB‑453/Tax 96 h after lentiviral‑miR‑143 infec-
tion (MOI=20x120). The condition of the lentiviral‑miR‑143 infected cells was good and the percentage of cells expressing green fluorescent protein was greater 
than 90% (magnification, x120). (C) miR‑143 significantly attenuated cell proliferation of MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 TDR cells in vitro. *P<0.05 
for MCF7/Tax+Lv‑miR‑143 versus MCF7/Tax (24h), MDA‑MB‑453/Tax+Lv‑ miR‑143 versus MDA‑MB‑453/Tax (24h), and MDA‑MB‑231/Tax+Lv‑miR‑143 
versus MDA‑MB‑231/Tax (24h). **P<0.01 for MCF7/Tax+Lv‑miR‑143 versus MCF7/Tax (48h), MDA‑MB‑231/Tax+Lv‑miR‑143 versus MDA‑MB‑231/Tax (48h) 
and MDA‑MB‑453/Tax+Lv‑miR‑143 versus MDA‑MB‑453/Tax (48h). miR-143, microRNA-143; Tax, Taxol; TDR, Taxol‑induced drug‑resistant; Lv, lentivirus.

Figure 5. CIAPIN1 protein levels are decreased in breast cancer TDR cells with miR‑143. Representative western blotting bands of CIAPIN1 protein for the 
(A) MCF‑7, (B) MDA‑MB‑231 and (C) MDA‑MB‑453 cell lines. **P<0.01 for MCF7/Tax+Lv‑miR‑143 versus MCF7/Tax, MDA‑MB‑231/Tax+Lv‑miR‑143 
versus MDA‑MB‑231/Tax, and MDA‑MB‑453/Tax+Lv‑miR‑143 versus MDA‑MB‑453/Tax. CIAPIN1, cytokine‑induced apoptosis inhibitor 1; miR-143, 
microRNA-143; Tax, Taxol; NC, negative control; Lv, lentivirus; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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performed to experimentally validate this target. In the pres-
ence of miR‑143, the relative luciferase activity of HEK‑293 
cells with the wild‑type (WT) construct was significantly 
reduced. However, cells transfected with the MT construct 
did not exhibit a significant suppressive effect in the presence 
of miR‑143 (Fig. 3). In addition, the knockdown of miR‑143 
with a miR‑143 inhibitor increased luciferase activity in WT 
HEK‑293 cells. These results suggest a direct and specific 
interaction of miR‑143 with the CIAPIN1 3'‑UTR in HEK‑293 
cells. Taken together, the data suggest that CIAPIN1 is a target 
gene of miR‑143.

Lv‑miR‑143 suppresses proliferation of breast cancer 
MDR cells. First, the expression levels of miR‑143 were 
measured to evaluate the effectiveness of Lv‑miR‑143 in the 
MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 TDR cells. As 
expected, following transfection of Lv‑miR‑143, the expres-
sion of miR‑143 mRNA levels was significantly increased 
in the MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 TDR cells 
(Fig. 4A). Lentiviral-expressed vector miR‑143 was infected 
into the MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 TDR cells 
(MOI=20, best MOI) and a stably expressed cell line was 
obtained subsequent to screening (Fig. 4B). The expression 
of GFP and miR‑143 was observed, demonstrating that the 
MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 MDR LV‑miR‑143 
cells were of good quality (Fig. 4B). At 24 and 48 h after 
Lv‑miR‑143 transfection, Lv‑miR‑143 was found to have 
decreased the proliferation of the MCF‑7, MDA‑MB‑231, and 
MDA‑MB‑453 TDR cells (Fig. 4C).

miR‑143 represses CIAPIN1 expression in breast cancer 
TDR cells. The aforementioned miRNA databases predicted 
that CIAPIN1 contains a putative binding site for miR‑143, 
suggesting that it is a potential target for miR‑143. Consistent 
with this prediction, the present results confirmed that 
miR‑143 post‑transcriptionally repressed CIAPIN1 expression 
by binding to the CIAPIN1 3'‑UTR (P<0.01) (Fig. 5).

Discussion

MDR remains a major obstacle to achieving curative 
breast cancer chemotherapy treatment, and causes >90% 
of metastatic breast cancer patients to experience treatment 
failure (18). For this reason, the development of novel avenues 
for overcoming MDR is urgent. MDR in breast cancer involves 
multiple genes and mechanisms. Current cancer research has 
become increasingly focused on gene therapy, and the present 
study aimed to improve the effectiveness of chemotherapy 
treatment by targeting the genes associated with breast 
cancer MDR. Shibayama et al (7) first identified CIAPIN1, 
a novel apoptosis inhibitor, in 2004. More recently, studies of 
MDR in gastric cancer, leukemia cell lines and breast cancer 
cells (8‑11) have provided evidence that CIAPIN1 plays a role 
in the MDR process in malignant cancer. Thus, CIAPIN1 is 
a potential target for the improvement of therapeutic efficacy. 
In a study using nude mice with MDR breast cancer tumors, 
the combination of chemotherapy with the knockdown of 
CIAPIN1 levels using lentivirus‑vector‑based RNAi signifi-
cantly inhibited tumor growth in vivo (19). In agreement with 
these previous studies, the present results demonstrated that 

CIAPIN1 protein levels significantly increased in TDR breast 
cancer cells.

In numerous human tumor types, including prostate cancer, 
hepatocellular carcinoma, non‑small cell lung cancer and 
gastric cancer, miR‑143 is significantly dysregulated (20,21). 
However, the role of miR‑143 in breast cancer remains rela-
tively uninvestigated. In the present study, it was found that 
miR‑143 mRNA levels were significantly decreased in the 
TDR breast cancer cells. The association between miR‑143 
and CIAPIN1 in MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 
TDR cells was also investigated. Bioinformatic methods were 
used to identify whether CIAPIN1 is a target gene of miR‑143. 
As predicted, in the CIAPIN1 3'UTR, a highly complementary 
potential binding site of miR‑143 was found at the bases of the 
CIAPIN1 3'UTR (NM_020313.2). Luciferase activity assay 
showed that the expression of a reporter vector containing 
the WT sequence of the CIAPIN1 3'UTR was inhibited by 
ectopic expression of miR‑143. In addition, after transfecting 
the miR‑143 mimic into TDR breast cancer cells, functional 
assays were performed. It was found that the expression levels 
of miR‑143 increased, whereas the protein levels of CIAPIN1 
decreased in the MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 
TDR cells. These findings demonstrate that miR‑143 functions 
as a CIAPIN1 suppressor. Abnormal growth is a funda-
mental characteristic of tumor cells, and the main reason for 
uncontrolled growth is due to an imbalance in cell cycle regu-
lation (11). Experiments on the cell proliferation inhibition of 
tumor cells revealed that Lv‑miR‑143 decreases the prolifera-
tion of MCF‑7, MDA‑MB‑231 and MDA‑MB‑453 TDR cells.

Together, these findings demonstrate that miR‑143 partici-
pates in the reversal of TDR in human breast cancer cells by 
inhibiting CIAPIN1, and that it suppresses the growth of breast 
cancer TDR cells. These data provide compelling evidence 
for making the miR‑143/CIAPIN1 pathway a novel target for 
breast cancer therapy.
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