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Abstract: Background: A growing body of evidence indi-
cates that aberrant expression of miR-107 plays a core role 
in cancers. This study aims to demonstrate the function of 
miR-107 and its roles in chemo-drug resistance in breast 
cancer cells. 

Methodology: CCK-8 assays were carried out to test the 
effect of miR-107 mimics on the proliferation of MCF-7 
cells. The apoptosis level of each group was detected 
by flow cytometry. miR-107 level, mRNA levels of Bcl-2/
Bax and TRIAP1 were detected by quantitative real-
time Polymerase Chain Reaction (qRT-PCR) analysis. 
Protein levels of Bcl-2/Bax, p-Akt/Akt in MCF-7 cells were 
detected by using Western Blot. Lastly, the dual  lucif-
erase  reporter  gene  assay  system was used to confirm 
interaction between miR-107 and its target gene TRIAP1. 

Results: CCK-8 assays indicated that miR-107 mimics 
augmented Taxol-induced cell viability inhibition. Flow 
cytometry showed that miR-107 mimics augmented Tax-
ol-induced elevation of cell apoptosis. qRT-PCR analysis 
revealed that miR-107 mimics inhibited the mRNA expres-
sion of Bcl-2 and induced the mRNA level of Bax. Western 
Blotting indicated that miR-107 mimics inhibited the 
expression of proteins Bcl-2 and p-Akt, and induced the 
expression of Bax, while showing no significant effects 
on Akt. The relative luciferase activity revealed that onco-
gene TRIAP1 is a potential target gene of miR-107. 

Conclusions: miR-107 plays a role in regulating chemo-
drug sensitivity in mammary cancer cell by targeting 
TRIAP1.
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1  Introduction
Breast cancer remains a public-health issue on a global 
scale in women mainly aged  between 20 to 59 years [1]. 
Although Taxol is a crucial agent in treating breast cancer, 
the recurrence and metastasis rates of breast cancer are 
high and the prognosis and survival rate of patients with 
advanced stage breast cancer are unsatisfactory [2]. The 
main reason is chemoresistance of cancer cells [3]. In 
recent years, molecule-targeted treatments were exten-
sively used in clinical settings [4]. As a new method of 
anti-tumor therapy, the molecule-targeted treatment of 
tumors has been demonstrated as effective [5]; this treat-
ment has had some visible effects in clinical outcomes. 
However, the molecular mechanisms underlying the 
resistance of breast cancer cells to Taxol has not been fully 
elucidated. 

Taxol is a microtubule-stabilizing drug which is 
widely used in solid tumors such as prostate, lung, 
sarcoma, and breast [6]. Taxol is reported to contribute to 
mitotic arrest and inhibits the proliferation of cancer cells 
[6,7]. Although Taxol is deemed as an efficient anticancer 
drug, the evolving drug resistance of cancer cells to Taxol 
may result in treatment failure.

MicroRNAs (miRNAs), a class of small noncoding 
RNAs, are regulatory, non-coding RNAs about 22 nucleo-
tides in length [8]. Among them, over 200 have been iden-
tified in humans [9]. miRNAs can negatively modulate 
gene expression by targeting mRNAs and trigger either 
translation repression or RNA degradation [10, 11]. Nor-
mally, conserved miRNAs have critical functions across 
many processes, such as cell proliferation, apoptosis, and 
metabolism [12-15]. Most of them play a key role in cancers 
as oncogenes or tumour suppressor genes [16]. There 
are studies that have shown that aberrant expression of 
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miRNAs might be involved in tumour formation [17]. In 
recent years, miR-107 has been extensively investigated in 
various cancers such as breast, colon, liver, gastric, and 
bladder cancer [17-21]. Further evidence has indicated that 
aberrant expression of miR-107 may lead to cancer [22]. 
This may be related to the biological behaviors of tumor 
cell such as proliferation, apoptosis, cell cycle regulation, 
invasion, and metastasis [23]. miR-107 may also play an 
important role in the genesis and development of many 
human malignant tumors [24]. Even though a previous 
study has explained how miR-107 works in breast cancer 
[25], it still remains unclear.

In the present study, we report the effect of miR-107 
on the chemo-drug sensitivity of breast cancer. Our 
results indicate that TRIAP1 serves as a novel target 
gene of miR-107 in breast cancer cells. miR-107 regulates 
the chemo-drug sensitivity of breast cancer by targeting 
TRIAP1 via the p-Akt-Bax/Bcl2 signaling pathway.

2  Methods
Cell culture. MCF-7 cells (a breast cancer cell line) were 
cultured in RPMI-1640 medium supplemented with 10% 
FBS (Tianhang Biotechnology, Zhejiang, China), 100 U/
mL penicillin-G, 100 g/ml streptomycin (Beyotime, Shang-
hai, China) and 200 ng/mL Taxol [26] at 37 °C in an atmos-
phere of 5% CO2.

MiRNA transfection. MCF-7 cells were seeded into 
6-well plates and cultured for 24 h at 37°C in an atmosphere 
of 5% CO2 before transfection. 50 nmol/L miR-107 mimics 
and negative control sequences were transfected into cells 
by Lipofectamine 2000 (Invitrogen, USA). Hsa-miR-107 
mimics (5’-AGCAGCAUUGUACAGGGCUAUCA-3’) and miR-
NA-NC mimics (Ctrl: 5’-UUCUUCGAAGGUGUGACGU-3’), 
were synthesized by GenePharma (Shanghai, China).

Quantitative real-time polymerase chain reaction (qRT-
PCR). MCF-7 cells were collected 24 h after transfection. 
Trizol (Invitrogen, USA) was used to extract total RNA 
from cells. Total RNA was polyadenylated with poly (A) 
polymerase (Thermo Fisher Scientific, USA). Reverse Tran-
scriptase came from TransGen Biotech (Beijing, China). 
qRT-PCR was carried out using TransStart Top Green qPCR 
SuperMix (TransGen Biotech, China). GAPDH was used as 
an internal control for TRIAP1, Bax and Bcl-2. 

For miRNA semi-quantification, the RNA was 
reverse-transcribed using a Mir-X miRNA First Strand 
Synthesis Kit (TaKaRa, Japan) followed by qRT-PCR with 
Mir-X™ miRNA qRT-PCR SYBR Kit (TaKaRa, Japan). The 
relative expression of miR-107 was normalized to internal 

control U6 using the method of 2-ΔΔCt. The sequences of the 
primers are listed in Table 1. 

Western blot. MCF-7 cells were plated at a density of 
5×105 cells/well. Cells were treated with miR-107 mimics 
and Taxol, Taxol alone and control group (untreated) 
and were cultured in serum free medium. Cells were then 
lysed with RIPA lysis buffer (Beyotime, Shanghai, China). 
Whole extracts were prepared, and the protein concen-
trations were determined using a BCA protein assay kit 
(Boster, Wuhan, China). Equal amounts of protein lysates 
(30 μg) were separated by SDS-PAGE (10%, 80 V for 30 
min and then 120 V for 60 min). The proteins were trans-
ferred onto PVDF membranes (Millipore Corp, Billerica, 
MA, USA). Then the PVDF membranes were incubated 
in TBS/Tween-20 containing 5% non-fat dry milk at 37 °C 
for 3 h. After blocking, the PVDF membranes were incu-
bated with specific primary antibodies overnight at 4 °C. 
Rabbit monoclonal antibodies against Bcl-2 (ab32124, 
Abcam, MA, USA), Bax (ab32503, Abcam, MA, USA), p-Akt 
(ab106693, Abcam, MA, USA), Akt (ab235958, Abcam, 
MA, USA) and GAPDH (ab37168, Abcam, MA, USA) were 
used at the working concentration of 1:1000. Following 
incubation with primary antibodies, blots were washed 
three times in TBS/Tween-20 before being incubated at 
37°C for about 1 h in goat anti-mouse or goat anti-rabbit 
horseradish peroxidase (Santa Cruz Biotechnology, Santa 
Cruz, USA) conjugate antibody at 1:10000 dilution in TBS/
Tween-20 containing 5% non-fat dry milk. After exten-
sive washing in TBS/Tween-20 another three times, the 
enhanced chemiluminescence system was used to detect 
proteins on the membranes. Proteins were visualized with 
an ECL chemiluminescent kit (ECL-plus, Thermo Fisher 
Scientific, Waltham, MA, USA). Autoradiographs were 

Table 1: Oligonucleotide primers used for Q-PCR

Name Primer sequence

miR-107

U6

Forward       5’-ATGATGAGCAGCATTGTACAGG-3’
Reverse       5’-GCAGGGTCCGAGGTATTC-3’
Forward       5’-CTCGCTTCGGCAGCACA-3’
Reverse       5’-AACGCTTCACGAATTTGCGT-3’

TRIAP1
Forward       5’-CGACCTCTTCAAGCGCTACC-3’
Reverse       5’-CCCATGAACTCCAGTCCTTCAA-3’  

Bax
Forward       5’-CACCAGCTCTGAACAGATCATGA-3’
Reverse       5’-TCAGCCCATCTTCTTCCAGATGT-3’

Akt
Forward       5’-CATCCTCATGGAAGAGATCCGC-3’
Reverse       5’-GAGGAAGAACCTGTGCTCCATG-3’

Bcl-2
Forward       5’-CACCCCTGGCATCTTCTCCTT-3’
Reverse       5’-AGCGTCTTCAGAGACAGCCAG-3′

GAPDH Forward       5’-GGAGCGAGATCCCTCCAAAAT-3’
Reverse       5’-GGCTGTTGTCATACTTCTCATGG-3’
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scanned using the Image-Pro Plus Imaging analysis soft-
ware (Media Cybernetics, MD Rockville, USA). 

Cell viability assay. Cell proliferation in different 
experimental groups was tested by CCK-8 assay and flow 
cytometry [26]. MCF-7 cells were seeded in 96-well plates. 
The medium was changed before the assay. After cultiva-
tion for 24 h, cells were divided into three groups. CCK-8 
was added to the culture medium. After incubation at 
37 °C for 4 h, the culture media containing CCK-8 was 
removed, then DMSO was added into each well and the 
absorbance at 450 nm was measured by microplate reader 
(TECAN M1000, Austria GmbH, Austria).

Flow cytometry assay. Cell apoptosis levels in differ-
ent groups were determined by flow cytometry [19]. Cells 
were seeded onto 6-well-plates at the concentration of 3 
× 105/well and incubated overnight for 24 h. Then, cells 
were collected according to the manufacturer’s instruc-
tions. The cells were incubated with 5 μl Annexin V-FITC 
for 15 min and 10 μl PI for 5 min, and analyzed using flow 
cytometry (FCM) (BD Biosciences Clontech, United States) 
within 30 min.

Dual luciferase activity assay. To examine TRIAP1 
and miR-107 binding, pGL3-TRIAP1 WT or pGL3-TRIAP 1 
Mut was co-transfected with miR-NC mimics or miR-107 
mimics into MCF-7 cells. After 48 h, the MCF-7 cells were 
subjected to luciferase activity detection by Dual-lucifer-
ase reporter system (Promega, USA) according to manu-
facturer’s protocol. The luciferase activity was normalized 
to Renilla luciferase activity.

Statistical analysis. Experiments were performed in 
triplicate. Statistical analysis was thought as significant 
by comparing mean values (±standard deviation, SD). Dif-
ferences between two groups were compared by Student’s 
t test, and differences among three groups were compared 
using one-way ANOVA followed by Newman Keul’s test. P 
< 0.05 was considered statistically significant.

3  Results 
miR-107 enhanced the chemosensitivity of breast cancer 
cells in vitro. Treating MCF-7 cells with Taxol significantly 
increased the apoptosis rate of breast cancer cells, which 
was more remarkable after treatment with miR-107 mimics 
and Taxol (Figure 1A and B). 

The effects of miR-107 on MCF-7 cell viability was 
explored. As depicted in Figure 2, compared with the 
control group, cell viability of MCF-7 cells was downreg-
ulated by Taxol, which was promoted by miR-107 mimics. 

Therefore, miR-107 expression can promote the drug sen-
sitivity of breast cancer cells to Taxol in vitro.

miR-107 regulated the expression of Bcl-2 and Bax. 
In order to examine the primary mechanism of miR-107-
mediated change of drug sensitivity in breast cancer cells, 
the expression levels of Bcl-2 and Bax were measured. The 
Bcl-2 family proteins play a role as the key regulators of cell 
apoptosis and survival; these include the antiapoptotic 
proteins Bcl-2, Bcl-xL, Mcl-1 and the proapoptotic proteins 
Bax, Bix etc. [27-29]. The PI3K/Akt signal transduction 
pathway was regarded as the chief pathway for the sur-
vival of tumor cells [29-31]. Bax, a proapoptotic member 
of the Bcl-2 family [32], moves into the mitochondria in 
response to a wide variety of stimuli for cell apoptosis. 

mRNA expression of Bcl-2 and Bax was tested by qPCR 
assay. As shown in Figure 2A and B, compared with the 
control group, the mRNA level of Bcl-2 was significantly 
decreased (P<0.05) and the differences between Taxol and 
Taxol+miR-107 mimics were more remarkable (P<0.01), 
while the mRNA level of Bax in cells treated with Taxol 
was increased (P<0.05), especially in the cells treated with 
Taxol+miR-107 mimics (P<0.01).  

The protein levels of p-Akt, Bcl-2, and Bax were 
also measured. Results indicated that the protein level 
changes of Bcl-2 and Bax were similar with that of mRNA 
levels (Figure 4A-C).Moreover, compared to the control 
group, Taxol reduced the activation of p-Akt, which was 
further reduced by the treatment of miR-107 mimics (Fig 
4A and D). This preliminarily indicated that the mecha-
nism of miR-107- mediated change of drug sensitivity in 
breast cancer cells is through up-regulating the expres-
sion of Bax and down-regulating the expression of Bcl-2 
and p-Akt.

Relative Dual-Luciferase activity. miRNA mainly 
targets the 3’ untranslated region (UTR) of genes, and in 
the plasmid construct it is behind the luciferase of the 
carrier reporter gene [33]. Compared with the change of 
carrier reporter gene expression, overexpression of inter-
fering miRNA reflects the inhibitory effects of miRNA on 
target genes. In combination with site-directed mutagen-
esis of target genes, this can confirm the interaction site 
of miRNA with the 3’UTR of the target gene. As depicted 
in Figure 5A, miR-107 targeted the 3’UTR of TRIAP1. hsa-
miR-107 mimics inhibited the expression of TRIAP1 via 
targeting the 3’UTR. Luciferase activity was significantly 
decreased after treatment with miR-107 mimics in the 
TRIAP1 WT group, while there was no significant difference 
in the TRIAP1 MUT group (Figure 5B). After mutation of 
the binding site, it showed no regulatory role. This result 
confirmed that after treatment of Taxol, miR-107 enhanced 
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Figure 1: miR-107 promotes apoptosis of breast cancer cells.  
A-B: Treating cells with Taxol significantly increased the apoptosis 
rate of breast cancer cells compared with the control group. The 
cell apoptosis rate of cells treated with Taxol/ miR-107 mimics was 
significantly higher compared with that of the breast cancer cell line 
in Taxol. Data are presented as mean ± SD. **, p < 0.01.

Figure 2: miR-107 inhibits the proliferation of breast cancer 
Cell proliferation of the group treated with Taxol+miR-107 mimics is 
considerably lower than that of the cells in Taxol alone. Therefore, 
miR-107 expression can increase the drug sensitivity of breast 
cancer cells in vitro. Data are presented as means ± SD of three 
independent experiments. *, p < 0.05, **, p < 0.01.

Figure 3: miR-107 combined with Taxol regulates the mRNA level of Bax and Bcl-2. 
A-B: The expression of Bax in cells treated with Taxol was significantly increased, and was higher in cells treated with Taxol+miR-107 mimics, 
while Bcl-2 was expressed in low amounts. Data are presented as mean ± SD. *, p < 0.05, **, p < 0.01.  
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chemosensitivity of breast cancer, suppressed cell viabil-
ity, and induced cell apoptosis by targeting TRIAP1.

4  Discussion
In our study, the relationship between miR-107 and chemo-
drug sensitivity in breast cancer was evaluated in the 
MCF-7 cell line. We found that overexpression of miR-107 
could enhance the drug sensitivity of breast cancer cells 
in vitro.

Studies of miRNA functions have confirmed that 
miRNAs are associated with various functions including 
embryonic development, metabolism, viral infections, 
and human malignancies [34]. Different expressions of 
miR-107 are found in cell cycle arrest, angiogenesis and 
hypoxia signal pathways [35]. Previous evidence has 
indicated that miR-107 is overexpressed in colon, pan-
creatic, and stomach cancers [13, 36]. miR-107 enhanced 
the chemosensitivity of ovarian cancer to Taxol [36]. A 
recent study has also shown that miR-107 is expressed 
in low amounts in breast cancer patients [37]. Our find-
ings further confirm these reports. These findings suggest 

Figure 4: Treating cells with miR-107 and Taxol regulated the protein level of Bax, Bcl-2, Akt, and p-Akt.
The protein expression of Bcl-2 and p-Akt was significantly reduced after treatment with Taxol; this was more remarkable in the Taxo-
l+miR-107 mimics group. There is no significant difference in Akt. Data are presented as mean ± SD. **, p < 0.01.

Figure 5: Relative dual-luciferase activity.
A: hsa-miR-107 regulated the expression of TRIAP1 via the binding 
site on 3’UTR. 

B: Transfecting cells with miR-107 significantly downregulated the 
luciferase activity in TRIAP1 group, while the difference in TRIAP1 
MUT is of no statistical significance.. **, p < 0.01.  
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that treating cells with miR-107and Taxol enhanced the 
chemosensitivity of breast cancer cells which can be seen 
in the promoted apoptosis and inhibited proliferation of 
breast cancer cells. 

To explore potential mechanisms, we evaluated the 
expression level of Bax/Bcl-2 and p-Akt. We found that 
miR-107 regulated mRNA levels of Bax/Bcl-2 and protein 
expression of p-Akt and Bax/Bcl-2. Notably, we showed 
that miR-107 targets TRIAP1, which participates in breast 
cancer progression.

TP53-regulated inhibitor of apoptosis 1 (TRIAP1), 
also known as P53CSV, is involved in programmed cell 
death [38]. TRIAP1 has been shown to be upregulated in 
many types of cancers [39]. TRIAP1 is deemed as a novel 
biomarker for chemoresistance in prostate cancer and 
breast cancer [39, 40]. Evidence has indicated that the 
expression of TRIAP1 mRNA correlates with myelomas 
and breast cancer [40, 41]. TRIAP1 is up-regulated in 
drug-resistant breast cancer cells, and regulates breast 
cancer cells’ sensitivity to doxorubicin [10, 39, 40]. In the 
present study, it was demonstrated that TRIAP1 is the 
direct target of miR-107. Furthermore, western blotting 
results indicated that miR-107 regulated the expression of 
the downstream targets of TRIAP1, including Bax, Bcl-2, 
Akt and p-Akt, which further enhanced the sensitivity of 
breast cancer cells to Taxol [42]. The results here indicate 
that miR-107 changes the drug sensitivity of the breast 
cancer cell line MCF-7 in vitro through targeting TRIAP1. 

In summary, miR-107 directly targets TRIAP1 to regu-
late the apoptosis of breast cancer cells, and increases the 
sensitivity of cancer cells to Taxol. Manipulating miR-107 
expression may have the potential to reverse chemo-re-
sistance in breast cancer patients. 
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