
296 Neoplasma 2020; 67(2): 296–303

doi:10.4149/neo_2019_190508N411
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Colorectal cancer (CRC) is one of the most common malignant cancers worldwide. However, lacking of novel and 
sensitive chemotherapy revealed the major challenge to improve the survival of CRC patients. The aim of this study was to 
explore the effect and mechanism of miR-744 on the oxaliplatin chemoresistance in CRC. Firstly, the levels of miR-744 were 
elevated significantly in CRC tissues from patients with oxaliplatin administration before surgery and in oxaliplatin-resis-
tant HCT116 cells. Then, the oxaliplatin chemoresistance was enhanced by miR-744 overexpression, while was attenuated 
by miR-744 inhibition in HCT116 and T84 cells. Additionally, the level of BIN1 protein was found to be regulated negatively 
by miR-744, and BIN1 overexpression blocked the oxaliplatin chemoresistance induced by miR-744. Furthermore, BIN1 
was proved to be a direct target of miR-744 by luciferase reporter assay. Taken together, these findings demonstrated that 
miR-744 might positively mediate the oxaliplatin chemoresistance through suppressing BIN1 expression in CRC cells, thus 
suggested a rationale target for the developing more effective strategies to reverse oxaliplatin resistance in CRC treatment. 
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Colorectal cancer (CRC) is one of the most malignant 
cancer types around the world due to its high morbidity 
and mortality [1, 2]. The patients’ poor prognosis associated 
with CRC are partially due to resistance to existing therapies; 
despite the in-depth studies of the molecular mechanisms 
underlying colon cancer and improvements in the multidisci-
plinary and comprehensive treatment [3], our understanding 
of the mechanisms underlying therapy resistance, as well as 
the number of available therapeutic options, remains limited. 
Recently, it has been reported that the aberrant miRNAs 
expression has contributed to the chemoresistance of cancer.

RNA molecules which do not encode proteins are called 
non-coding RNAs (ncRNAs), and people have witnessed 
a growing understanding about the various function of 
microRNAs, a subgroup of small ncRNAs, in recent decades. 
MicroRNAs act as transcriptional repressors by interacting 
with the 3’UTR regions of their downstream target genes. 
MicroRNAs are known to be involved in many cellular 
processes, and their dysregulation is found in various human 
malignancies [4]. MicroRNAs play critical roles in tumori-
genesis, cell proliferation and metabolism and programmed 
cell death [5, 6]. As these biological processes are perti-
nent closely to chemosensitivity and chemoresistance, it is 
hypothesized that microRNAs could play an important role 

in modulating response toward anticancer drugs. MiR-744 
is reported to be dysregulated in many carcinoma tissues. 
MiR-744 was upregulated in malignant head and neck cancer 
lesions compared to normal tissues [7]. High level of plasma 
miR-744 contributed to chemoresistance and poor prognosis 
of pancreatic cancer patients who underwent gemcitabine-
based chemotherapy [8, 9]. Besides, the level of serum 
miR-744 was upregulated in gastric cancer patients and 
showed an increasing trend during GC development [10]. 
These findings suggest that miR-744 plays a possible role in 
chemoresistance of CRC.

In the current study, we revealed that oxaliplatin, a basic 
drug of CRC adjuvant chemotherapy, enhanced the expres-
sion of miR-744 in human CRC cell lines. Besides, overex-
pression of miR-744 reduced the cell death when exposed 
to oxaliplatin. Furthermore, we identified that Bridging 
integrator 1 (BIN1) was a direct target of miR-744. BIN1 is 
a widely investigated tumor suppressor reported to inhibit 
c-MYC-mediated transactivation and transformation [11, 
12] and to be involved in the response to DNA damage of 
cancer cells [13]. BIN1 is a predicted target of miR-744 in 
the Targetscan software. Hence, we propose that miR-744 
inhibits the expression of BIN1, by which exerts the chemo-
resistance effect on colorectal cancer cells.
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Materials and methods

Cell culture. Human CRC cell lines HCT116 and T84 cells 
were purchased from the Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences (Shanghai, 
China). Cell lines were cultivated in complete Dulbecco’s 
modified Eagle’s medium/F12 (DMEM/F12, Invitrogen 
Argentina SA) supplemented with 10% (vol/vol) fetal bovine 
serum (FBS, NatoCor, Argentina), 50 U/ml of penicillin  G 
and 50 mg/ml of streptomycin sulfate in a humidified 
atmosphere with 5% CO2 at 37 °C.

To establish oxaliplatin resistant HCT116 cell line, 5 uM 
oxaliplatin was  used to treat HCT116 cells which caused 
50% cell death. HCT116 cells were exposed to 5 μM oxali-
platin for 48 h to reach 80% confluence and passaged twice 
in this concentration of oxaliplatin. Then, the concentra-
tion of oxaliplatin was gradually increased by 1 µM with 
each subculture of HCT116 cells. After subculture and 
incubation with oxaliplatin solution was repeated about 35 
times, the HCT116 cells resistant to 40 μM oxaliplatin were 
obtained. Meanwhile, the oxaliplatin resistant HCT116 cell 
line was cultured continuously in complete culture medium 
containing 5 μM oxaliplatin.

Tissue samples. CRC tissues were collected from patients 
who underwent surgical resection at Xi’an No. 1 Hospital 
from May 2016 to May 2017. All patients signed consent 
letters and all manipulation of the tissues was approved by 
the Ethics Committee of Xi’an Jiaotong University. After 
surgery, the tissue samples were immediately frozen in 
liquid nitrogen and stored at –80 °C. All experiments were 
performed in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) and the 
guidelines of the Xi’an Jiaotong University.

Vector constructs and cell transfection. Hsa-miR-744 
mimic, inhibitor and negative control were purchased from 
Ribo Biotech (Guangzhou, China). The sequence of miR-744 
mimic was 5’-UGCGGGGCUAGGGCUAACAGCA-3’. 
Human BIN1 gene was inserted into pcDNA3 vectors 
(Invitrogen, Carlsbad, CA) to construct BIN1 plasmid. For 
overexpression of miR-744, the miR-744 mimic or control 
mimic was used to transfect HCT116 and T84 cells with a 
final concentration of 10 mM, using Lipofectamine LTX 
(Invitrogen) according to the manufacturer’s instructions. 
After 24 h, the overexpression of miR-744 was confirmed by 
qRT–PCR using the human TaqMan MicroRNA Assay Kit 
(Applied Biosystems). To inhibit miR-744 or overexpress 
BIN1, the same method was conducted.

Real-time PCR. Real-time PCR was performed to detect 
the expression level of miR-744 in CRC cancer tissue and cell. 
Briefly, TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) 
was used to isolate total RNA from tissues and cells. Comple-
mentary DNA (cDNA) was synthesized from 100 ng of total 
RNA using a TaqMan MicroRNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, USA) and it served as the 
template for amplification of PCR using a TaqMan MicroRNA 

Assay kit (both from Applied Biosystems) on the ABI 7900 
Fast System. The PCR conditions were 95 °C for 5 min, 
followed by 40 cycles at 95 °C for 15 s, 54 °C for 30 s and 72 °C 
for 34 s. Each sample was examined in triplicate and RNU6B 
was used as internal control for normalization. Real-time PCR 
primers: miR-744: F 5’-AATGCGGGGCTAGGGCTA-3’; R: 
5’-GTGCAGGGTCCGAGGT-3’; U6: F: 5’-GCGCGTCGT-
GAAGCGTTC-3’; R: 5’-GTGCA-GGGTCCGAGGT-3’

Luciferase reporter system. The luciferase reporter 
assay was used to examine whether the 3’-UTR of BIN1 is 
a target of miR-744. The wild-type (wt) and mutated (mut) 
miR-744 putative targets on BIN1 3’UTR were cloned into 
pGL-3 luciferase reporter vector. Transfection was carried 
out using Lipofectamine LTX and the Plus reagent (Invit-
rogen) as recommended. Cells were seeded in the absence 
of serum for 2 h prior to transfection with the luciferase 
reporter constructs together with miR-744 plasmid. The 
firefly and renilla luciferase activity were determined by the 
dual luciferase reporter assay kit (Promega) and luciferase 
was measured on a Fluostar Optima luminometer.

Western blot. Proteins were separated on a 12% 
SDS-PAGE gel and transferred onto a poly-vinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA). The 
membrane was blocked with 5% non-fat milk and incubated 
with anti-BIN1 antibody or anti-beta-actin antibody (Sigma, 
CA, USA). After being washed three times in TBST for 5 min 
each, membranes were incubated with the HRP-conjugated 
secondary antibodies (1:5000) subsequently and followed 
by three times washing. The proteins were detected using 
enhanced chemiluminescence reagents by X-ray films.

TUNEL assay. The terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling (TUNEL) assay allows quick 
and easy demonstration of cell apoptosis. The Click-iT Plus 
TUNEL Assay for In Situ Apoptosis Detection Kit (Roche, 
Shanghai, China) was utilized to stain nuclei of apoptotic 
cells. The experiment was performed according to the 
protocol provided by the manufacturer. The ratio of TUNEL 
positive cells was recorded.

CCK-8 assay. Chemosensitivity was measured using Cell 
Counting Kit-8 (CCK-8, Beyotime, Shanghai, China). The 
cells were seeded in a 96-well plate and grown in DMEM/
F12 for 24 h. Then, cells were treated with 15 μM oxaliplatin 
for 24 h. Ten μl per well of CCK8 reagent was added and the 
plate was incubated at 37 °C for 3 h. The optical density (OD) 
was measured at an absorbance of 450 nm. All assays were 
performed in triplicate. 

Statistics analysis. Results represent mean ± standard 
deviation of three independent experiments. Two-sided 
t-test was applied to evaluate differences between two groups 
and one-way ANOVA with Tukey’s Multiple Comparisons 
adjustments for multiple comparisons. The replicate samples 
were analyzed a minimum of three times. All calculations 
were performed by GraphPad Prism 6 software (GraphPad 
Software, Inc., CA, USA). A p-value <0.05 was considered 
statistically significant.
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Results

Oxaliplatin induced elevated level of miR-744 in 
colorectal cancer tissues and cell line. We collected 24 
colorectal cancer tissue samples from patients who had 
received oxaliplatin administration before surgery as well as 
32 samples from the ones without chemotherapy. Real-time 
quantitative PCR (qRT-PCR) was used to detect the expres-
sion of miR-744. The level of miR-744 was much higher in 
tissues treated oxaliplatin chemotherapy than the un-treated 
ones (Figure 1A). Then, we established the oxaliplatin resis-
tant HCT116 cell line (HCT116R cells) by the incremental 
concentration of oxaliplatin exposure for 3 months. The drug 
resistant effect of the HCT116R cells was assessed by CCK-8 
assay. HCT116R had a higher cell viability than the normal 
HCT116 cells after 15 μM oxaliplatin treatment for 24 
hours (Figure 1B). Moreover, the miR-744 level was higher 
in HCT116R cells after oxaliplatin treatment for 3 months 
compared with the normal HCT116 cells (Figure 1C). 
Meanwhile, the expression of miR-744 was increased until 75 
days during 3 months oxaliplatin exposure (Figure 1D). This 
result suggests that the long term oxaliplatin administration 
induces chemoresistance of CRC cells and upregulates the 
expression of miR-744.

CRC cells transfected with miR-744 mimic showed a 
drug resistant character against oxaliplatin-induced cell 
death. MiR-744 mimic and inhibitor were transfected into 
HCT116 cells, T84 cells and HCT116R cells. qRT-PCR 
assay showed that miR-744 level was obviously increased 
in the mimic group and decreased in the inhibitor group in 
HCT116 and T84 cell lines (Figures 2A–C). Then, cells were 
treated with oxaliplatin for 12 hours and CCK-8 assay was 
applied to detect the cell death. The results revealed that 
oxaliplatin induced less cell death in HCT116 cells trans-
fected with miR-744 mimic than in cells transfected with 
control vectors (Figure 2D). The same result was found in 
T84 cells (Figure 2E). However, the cell viability in HCT116 
cells transfected with miR-744 mimic didn’t change signifi-
cantly compared to the cells transfected with control vectors 
(Figure 2F). Conversely, oxaliplatin induced much more cell 
death when miR-744 inhibitor plasmid was transfected into 
HCT116, HCT116R and T84 cells (Figures 2D–F). These 
findings indicate that miR-744 mediates oxaliplatin-induced 
chemoresistance in CRC cells and miR-744 inhibition sensi-
tizes CRC cells to oxaliplatin.

BIN1 was downregulated in oxaliplatin-resistant 
HCT116 cells and was a direct target of miR-744. BIN1 is a 
predicted target of miR-744 in the Targetscan software, which 

Figure 1. MiR-744 was increased in oxaliplatin resistant CRC tissue and cell. A) The level of miR-744 in colorectal cancer tissue samples from oxalipla-
tin treated patients and no chemotherapy treated patients. B) The CCK-8 assay was applied to detect the cell viability of normal HCT116 cells and the 
established oxaliplatin resistant HCT116 cells after treated with 15 μM oxaliplatin. C) The level of miR-744 in normal HCT116 cells and the established 
oxaliplatin resistant HCT116 cells. D) The level of miR-744 in HCT116 cells over three months for oxaliplatin exposure. (**p<0.01 ***p<0.001; ns, no 
significance)
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wildtype 3’-UTR sequences of BIN1, the luciferase activity 
was significantly suppressed (Figure 3C). Meanwhile, the 
luciferase activity of the mutant 3’-UTR of BIN1 was not 
affected. To further verify the relationship between BIN1 and 
miR-744, we co-transfected HCT116 or T84 cells with BIN1, 
wildtype (wt) and mutant (mut) miR-744. The luciferase 
reporter assay showed that the luciferase activity was signifi-
cantly suppressed and the mutant miR-744 was not affected 
(Figure 3D). Hence, we revealed that BIN1 was a direct target 
of miR-744.

BIN1 blocked miR-744-induced oxaliplatin resistance 
in HCT116 cells. Although we proved that BIN1 was a direct 
target of miR-744, whether it mediated the miR-744-induced 
oxaliplatin resistance of HCT116 cells was still unknown. 
So HCT116 cells were treated with oxaliplatin and then 

is reported to be a tumor suppressor by inhibiting c-MYC-
mediated transactivation and transformation in cancer cells. 
Here, the expression of BIN1 was detected by western blot in 
HCT116 cells. The result showed that BIN1 was decreased in 
HCT116R cells than the normal HCT116 cells (Figure 3A). 
To further investigate the relation between miR-744 and 
BIN1, HCT116 cells were transfected with miR-744 mimic 
or inhibitor plasmid and then BIN1 was detected. It revealed 
that BIN1 was downregulated by miR-744 mimic and the 
expression of BIN1 increased when miR-744 was inhib-
ited (Figure 3B). Furthermore, we performed the luciferase 
reporter assay by constructing luciferase reporter vector 
containing the 3’-UTR sequences of BIN1 with wildtype (wt) 
or mutant (mut) miR-744 binding sites. When we co-trans-
fected HCT116 cells or T84 cells with miR-744 mimic and 

Figure 2. MiR-744 mediated the oxaliplatin resistance of CRC cell. A) The level of miR-744 in HCT116 cells transfected with NC, miR-744 mimic or 
miR-744 plasmid. B) The level of miR-744 in T84 cells transfected with NC, miR-744 mimic or miR-744 inhibitor plasmid. C) The level of miR-744 in 
HCT116R cells transfected with NC, miR-744 mimic or miR-744 inhibitor plasmid. D) Cell viability was detected in HCT116 cells transfected with 
NC, miR-744 mimic or miR-744 plasmid after treated with 15 μM oxaliplatin. E) Cell viability was detected in T84 cells transfected with NC, miR-744 
mimic or miR-744 plasmid after treated with 15 μM oxaliplatin. F) Cell viability was detected in HCT116R cells transfected with NC, miR-744 mimic 
or miR-744 plasmid after treated with 15μM oxaliplatin. (*p<0.05; **p<0.01; ***p<0.001; ns, no significance)
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co-transfected with miR-744 mimic or miR-744 inhibitor 
and BIN1 or siBIN1, mutant BIN1 plasmid. The oxaliplatin-
resistant effect mediated by miR-744 was weakened by BIN1 
overexpression, which suggested that BIN1 was essential for 
oxaliplatin to induce the death of CRC cells (Figure 4A). 
Then, the TUNEL staining assay was applied to detect the 
cell death after oxaliplatin treatment. The result showed the 
cell viability increased significantly in the miR-744 group 
compared with the control group. However, overexpression 
of BIN1 can reverse such effect (Figure 4B). These results 
indicated that miR-744 mediated oxaliplatin resistance via 
downregulating BIN1.

Discussion

Therapeutic resistance is a major challenge in effective 
cancer treatment. Oxaliplatin resistance is currently one of 
the major obstacles in CRC chemotherapy. Although great 
progress has been made in cancer therapy, majority of clini-
cally effective chemotherapy inducers are ineffective due 
to the complexity of the mechanisms underlying chemo-
therapy resistance. Development of chemotherapy sensitive 
or resistant biomarker assays for the prognosis estimation 
and designing more effective therapies of CRC patients 
is urgently required to reduce the high morbidity and 

Figure 3. BIN1 could be regulated by miR-744 and was a direct target of miR-744. A) BIN1 was downregulated in the oxaliplatin resistant HCT116 cells. 
B) The protein level of BIN1 was downregulated by miR-744 mimic and upregulated by miR-744 inhibitor. C) The luciferase activity was suppressed 
in miR-744 mimic and wildtype 3’-UTR-BIN1 co-transfected HCT116 cells or T84 cells. D) MiR-744 did not affect the luciferase activity of mutant 
3’-UTR-BIN1 transfected HCT116 cells or T84 cells. (*p<0.05; **p<0.01; ns, no significance)
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mortality associated with this lethal disease. In recent years, 
many miRNAs have been identified as potential drug resis-
tant biomarker of various cancers [14–16]. By monitoring 
the level of these miRNAs, we can evaluate the therapeutic 
effect of certain drugs on the tumor. Previous studies have 
identified several miRNAs contributed to the chemoresis-
tance of colorectal cancer. For instance, miR-503-5p confers 
drug resistance by targeting p53 upregulated modulator of 
apoptosis (PUMA) in colorectal carcinoma [17]. MiR-506 
enhances the sensitivity of human colorectal cancer cells 
to oxaliplatin by suppressing multidrug resistance 1/ 
P-glycoprotein (MDR1/P-gp) expression [18]. MiR-19b-3p 
promotes colon cancer proliferation and oxaliplatin-
based chemoresistance by targeting SMAD4 [19]. In the 
current study, we identified the critical role of miR-744 in 
the chemoresistance of colorectal cancer and revealed its 
regulating mechanisms.

MiR-744 has been rarely investigated in CRC, but it has 
been reported to exert an anti-tumor role in many other 
cancers. A previous study revealed that the serum miR-744 
of gastric cancer patients was significantly higher than the 
control serum and showed an increasing trend during GC 
development [10]. For nasopharyngeal carcinoma, miR-744 
expression was upregulated compared to normal tissue, and 
was significantly associated with TNM stage, tumorigenesis 
and metastasis [20, 21]. In pancreatic cancer, expression of 
miR-744 was markedly upregulated and positively correlated 
with poor patient survival [9]. All these studies suggest that 

miR-744 might promote the development of many cancers. 
However, the mechanism differs in different cancers. In our 
work, we found the elevated expression of miR-744 when 
the HCT116 cells were treated with oxaliplatin, indicating 
that miR-744 was involved in the chemotherapy response 
of CRC. Further experiment showed that overexpression 
of miR-744 conferred HCT116 cells the capacity of anti-
oxaliplatin induced cell death. The chemoresistance role of 
miR-744 was also investigated in other cancers. In a study 
of leukemia, miR-744 inhibited the protein level of CCAAT/
enhancer-binding protein delta (CEBPD), which is activated 
by bortezomib and contributes to bortezomib-induced 
leukemic cell apoptosis [22]. A high level of plasma miR-744 
was found in prostate cancer (PCa) patients who under-
went gemcitabine-based chemotherapy. And overexpression 
of miR-744 in PCa cells induced significant chemoresis-
tance to gemcitabine in vitro [8]. Evidently high expression 
of miR-744 was found in chemotherapy ineffective group 
comparing with effective group in breast cancer formalin-
fixed paraffin-embedded breast cancer tissues [23, 24]. Our 
work supplied to CRC cell lines to confirm that miR-744 
promoted the chemoresistance of CRC cells.

The mechanism of miR-744 mediated chemoresistance 
was proved to relate to BIN1, which is a well investigated 
tumor suppressor. CRC cells develop resistance to oxalipl-
atin through reduced cellular uptake, impaired DNA adduct 
formation, DNA repair gene alternations and transporter 
modifications [25–27]. It is reported that inhibition of BIN1 

Figure 4. BIN1 mediated the miR-744 induced oxaliplatin resistance of CRC cell. A) CCK-8 assay revealed that BIN1 inhibited the oxaliplatin resis-
tance effect of HCT116 cells induced by miR-744. B) Cell death of the transfected HCT116 cells after oxaliplatin treatment was detected by the TUNEL 
staining assay. (*p<0.05; **p<0.01)
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promoted releasing poly ADP-ribose polymerase 1 (PARP1), 
which resulted in increased DNA repair activity and allowed 
gastric cancer cells to acquire cisplatin resistance [28]. 
Depletion of endogenous BIN1 abolishes cisplatin-induced 
cell death via activation of c-MYC and PARP1 and sensitize 
cancer cells to DNA damage [29]. We also found a reduc-
tion of BIN1 in oxaliplatin treated cells in the current study, 
which suggested a similar role of BIN1 in oxaliplatin resis-
tance. The increased miR-744 induced oxaliplatin resistance 
of CRC cells and downregulated BIN1 in the same time. 
When we overexpressed BIN1, the miR-744 transfected 
CRC cells recovered the sensitivity to oxaliplatin. Moreover, 
miR-744 could directly bind to the 3’-UTR sequences of 
BIN1 and inhibit the protein level of BIN1, which proved 
BIN1 to be a direct target of miR-744. Although BIN1 has 
other functions in the process of many disease, such as 
membrane trafficking [30], cytoskeleton network [31] and 
cell cycle regulation[32], its role is also very important in 
drug resistance of cancer cell.

In conclusion, we have demonstrated that miR-744 
expression is upregulated in oxaliplatin treatment. Further-
more, the level of BIN1 is negatively correlated with 
miR-744 expression and BIN1 is proved to be a direct target 
of miR-744. Reduction of miR-744 expression may increase 
chemosensitivity in CRC treatment. Additionally, these 
findings may be beneficial for predicting drug resistance in 
patients and designing more effective therapy for colorectal 
carcinoma patients.
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