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MicroRNA-744 Inhibits Cellular Proliferation and Invasion of Colorectal 
Cancer by Directly Targeting Oncogene Notch1

Jian Shen and Minzhe Li

Department of General Surgery, Beijing Chao-Yang Hospital, Capital Medical University, Beijing, P.R. China

Accumulated studies have strongly implicated aberrantly expressed microRNAs (miRNAs) in carcinogenesis 
and cancer progression of various cancers, including colorectal cancer (CRC). Hence, a comprehensive study 
of miRNAs and their association with CRC may be a promising therapeutic method for patients with this 
malignancy. MicroRNA-744 (miR-744) is abnormally expressed in several types of human cancer. Thus far, 
little is known about the expression, biological roles, and exact mechanisms of miR-744 in CRC. Thus, the 
present study measured the expression level of miR-744 and investigated its roles and associated molecular 
mechanisms in CRC. This study demonstrated that miR-744 expression was significantly underexpressed in 
CRC tissues and cell lines. Low miR-744 expression was positively associated with lymphatic metastasis and 
TNM stage. Functional experiments revealed that miR-744 overexpression obviously inhibited the prolifera-
tion and invasion of CRC cells. Furthermore, Notch1 was identified as a direct target of miR-744 in CRC. 
Moreover, the inhibition of Notch1 phenocopied the inhibitory effects of miR-744 overexpression on CRC 
cells. Restored Notch1 expression markedly rescued the tumor-suppressive effects of miR-744 overexpression 
on CRC cells. Overall, miR-744 exhibits an essential role in CRC progression, and the miR-744/Notch1 axis 
may provide novel insights into future treatments for patients with CRC.
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INTRODUCTION

Colorectal cancer (CRC) ranks as the third most 
common cancer and the leading cause of cancer-related 
deaths globally1. The incidence of CRC varies signifi-
cantly in different regions worldwide due to differences 
in lifestyle, environment, and genetics2,3. Approximately 
1.2 million new cases and 600,000 deaths from CRC are 
estimated each year around the world4. Currently, the 
main modalities for the treatment of patients with CRC 
are surgery resection, followed by radiotherapy and che-
motherapy5. Despite tremendous achievements in diag-
nosis and therapeutic methods, the prognosis for patients 
with CRC remains poor6. This is mainly because about 
two thirds of patients with CRC exhibit local recurrence 
or distant metastasis after surgical resection7. The diag-
nosis at an advanced stage of the majority of patients 
with CRC is also responsible for the poor therapeutic out-
come8. Therefore, the molecular and cellular mechanisms 
underlying CRC formation and progression should be 
analyzed in depth, and novel therapeutic strategies should 
be developed.

MicroRNAs (miRNAs) are a large group of endoge-
nously expressed, noncoded, single-stranded RNA mole-
cules that are 18–25 nucleotides long9. miRNAs have been 
validated as a novel class of gene regulators via directly 
binding to the 3¢-untranslated regions (3¢-UTRs) of their  
target genes in a sequence-specific way and degrad-
ing mRNA or inhibiting translation10. Until now, over 
1,400 miRNAs have been identified, which accounts for 
2%–5% of the entire human genome and regulates 30% 
of all human genes11. A number of studies indicated the 
expression alterations of miRNAs in nearly all types of 
human neoplasm12–14. miRNA dysregulation possibly plays 
important roles in tumor occurrence and development by 
regulating a wide variety of biological and cellular pro-
cesses, including cell proliferation, cell cycle, apopto-
sis, differentiation, migration, invasion, metastasis, and 
angiogenesis15–17. miRNAs may serve tumor-suppressive 
or oncogenic roles depending on the biolo gical charac-
teristic of their target genes18,19. Therefore, cancer-related 
miRNAs should be systematically investigated to identify 
novel therapeutic targets for anticancer therapy.
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miR-744 is abnormally expressed in several types 
of human cancer20–22. Thus far, little is known about the 
expression, biological roles, and exact mechanisms of 
miR-744 in CRC. Thus, the present study measured the 
expression level of miR-744 and investigated its roles 
and associated molecular mechanisms in CRC.

MATERIALS AND METHODS

Patients and Tissue Specimens

A total of 53 paired CRC tissues and adjacent non-
tumor tissues were obtained from patients who received 
surgical resection at Beijing Chao-Yang Hospital (Bei-
jing, P.R. China) between August 2014 and May 2016. 
None of the patients had been treated with chemother-
apy, radiotherapy, or other treatments prior to surgery. 
All tissues were immediately frozen in liquid nitrogen 
and stored at −80°C until use. This study was approved 
by the Ethics Committee of the Beijing Chao-Yang 
Hospital. In addition, written informed consent was 
obtained from all CRC patients who participated in this 
research.

Cell Lines and Culture Condition

A normal human colon epithelium cell line (FHC) 
was ordered from the American Type Culture Collection 
(Manassas, VA, USA). Five human CRC cell lines (LoVo, 
SW480, SW620, HCT116, and HT29) were all acquired 
from Shanghai Institute of Biochemistry and Cell Biology 
(Shanghai, P.R. China). All cell lines were grown in 
Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% fetal bovine serum (FBS), 100 U/ml penicillin, 
and 100 mg/ml streptomycin (all from Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The cells 
were maintained at 37°C under a humidified incubator 
containing 5% CO2.

Total RNA Isolation and Reverse Transcription 
Quantitative Polymerase Chain Reaction (RT-qPCR)

Total RNA of tissue samples and cells was prepared 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
in accordance with the manufacturer’s instructions. To 
quantify miR-744 expression, the extracted total RNA 
was reverse transcribed to complementary DNA (cDNA) 
using a TaqMan MicroRNA Reverse Transcription Kit 
(Applied Biosystems, Carlsbad, CA, USA) in accordance 
with the manufacturer’s protocol. A TaqMan MicroRNA 
PCR Kit (Applied Biosystems) was used to detect miR-
744 expression with U6 snRNA as an internal control. 
For the detection of Notch1 mRNA, cDNA was achieved 
with a PrimeScript RT Reagent Kit (Takara Bio, Dalian, 
P.R. China). qPCR was performed with SYBR Premix 
Ex Taq™ Kit (Takara Bio). GAPDH was used as an 

endogenous control for Notch1 mRNA expression. The 
relative expression levels of each gene were quantified 
using the 2−DDCt method23.

Cell Transfection

miR-744 mimic, corresponding negative control miRNA  
mimic (miR-NC), small interfering RNA (siRNA) against  
the expression of Notch1 (Notch1 siRNA), and nega-
tive control siRNA (NC siRNA) were all purchased from 
GenePharma (Shanghai, P.R. China). In order to induce 
overexpression of endogenous Notch1, Notch1 overex-
pression plasmid (pcDNA3.1-Notch1) and empty plas-
mid pcDNA3.1 were synthesized and purified by the 
Chinese Academy of Sciences (Changchun, P.R. China). 
Cell transfection was performed using Lipofectamine 
2000 (Invitrogen) according to the manufacturer’s pro-
tocol. The culture medium was discarded and replaced 
with fresh DMEM supplemented with 10% FBS at 6 h 
posttransfection.

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation was determined using CCK-8 assay. 
Transfected cells were collected and plated into 96-well 
plates with a density of 3,000 cells per well in 150 µl of 
culture medium. Following incubation for 0, 24, 48, and 
72 h, CCK-8 assay was conducted. A total of 10 µl of 
CCK-8 solution (Dojindo Molecular Technologies, Inc.,  
Kumamoto, Japan) was added into each well, and the  
cells were incubated at 37°C for an additional 2 h. The 
optical density (OD) value was detected at a wave-
length of 450 nm using a microplate reader (Bio-Rad, 
Laboratories, Inc., Hercules, CA, USA). All experiments 
were performed in triplicate.

Matrigel Invasion Assay

Transfected cells were grown at 37°C with 5%  
CO2. At 48 h after transfection, cell invasion ability 
was evaluated with an 8-µm pore size Corning cham-
bers (Corning Costar, Corning, NY, USA) coated with 
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). 
Transfected cells were collected and suspended in 
DMEM without FBS. A total of 5 ́  104 cells were seeded 
into upper Transwell chambers. The lower chambers 
were loaded with 500 µl of DMEM containing 20% 
FBS to serve as a chemoattractant. Following incuba-
tion at 37°C for 24 h, the remaining noninvaded cells 
on the upper surface of Transwell chambers were gen-
tly removed by cotton swabs. The invaded cells were 
fixed with 100% methanol, stained with 0.5% crystal 
violet solution, photographed, and then counted under 
an IX71 inverted microscope (Olympus Corporation, 
Tokyo, Japan) in five randomly selected visual fields 
per chamber.
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Bioinformatics Prediction and Luciferase 
Reporter Assay

TargetScan (www.targetscan.org/) and miRanda (www. 
microrna.org) were applied to predict the potential tar-
gets of miR-744. Notch1 was predicted as a potential 
target of miR-744 and was selected for experimental 
confirmation. The 3¢-UTR of human Notch1 containing 
the wild type or mutant predicted that binding sequences  
of miR-744 was cloned by GenePharma, inserted into  
the p-MIR-reporter vector (Promega, Manheim, Ger-
many), and named as p-MIR-WT-Notch1-3¢-UTR and 
p-MIR-MUT-Notch1-3¢-UTR, respectively. For luciferase 
reporter assay, cells were plated into 24-well plates and 
then cotransfected with miR-744 mimic or miR-NC and 
p-MIR-WT-Notch1-3¢-UTR or p-MIR-MUT-Notch1-3¢-
UTR using Lipofectamine 2000 following the manufac-
turer’s instructions. Luciferase activity was determined  
at 48 h posttransfection using the Dual-Luciferase 
Reporter Assay System (Promega) in accordance with the 
manufacturer’s protocol. Renilla luciferase activity was 
normalized to firefly luciferase activity.

Western Blot Analysis

Tissue specimens or cells were lysed in a radio-
immunoprecipitation assay buffer (Beyotime Institute 
of Biotechnology, Haimen, P.R. China). Total protein 
concentration was assessed using a Bicinchoninic Acid 
Assay Kit (Beyotime Institute of Biotechnology). Equal 
amounts of proteins were separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and  
subsequently transferred onto PVDF membranes (Mil-
lipore, Billerica, MA, USA). Subsequent to blocking 
with 5% nonfat milk in TBS containing 0.1% Tween 20 
(TBST), the membranes were incubated overnight at 4°C 
with mouse anti-human monoclonal Notch1 antibody 
(1:1,000 dilution; sc-373944; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) or mouse anti-human monoclonal 
b-actin antibody (1:1,000 dilution; sc-69879; Santa Cruz 
Biotechnology). After washing with TBST, the mem-
branes were probed with a goat anti-mouse horseradish 
peroxidase-conjugated secondary antibody (1:5,000 dilu-
tion; sc-2005; Santa Cruz Biotechnology), and protein 
signals were visualized with an ECL detection kit (GE 
Healthcare Life Sciences, Chalfont, UK). b-Actin was 
used as a loading control.

Statistical Analysis

SPSS software ver. 17.0 (SPSS, Inc., Chicago, IL, 
USA) was utilized to perform all the statistical analyses. 
Data were expressed as mean ± standard deviation and 
compared with Student’s t-test, or one-way analysis of 
variance (ANOVA). Student–Newman–Keuls test was 
used as a post hoc test following ANOVA. A value of 

p < 0.05 was considered to indicate a statistically signifi-
cant difference.

RESULTS

Downregulation of miR-744 in CRC and its Association 
With CRC Development

To elucidate the expression pattern of miR-744 in 
CRC, its expression was measured in 53 paired CRC 
tissues and adjacent nontumor tissues using RT-qPCR. 
Results showed that the expression levels of miR-744 
were significantly lower in CRC tissues than in adja-
cent nontumor tissues (p < 0.05) (Fig. 1A). We divided 
all CRC patients into the miR-744 low-expression group 
(n = 27) and miR-744 high-expression group (n = 26) on 
the basis of the median expression level of miR-744 and 
then investigated the association between miR-744 and 
clinicopathological factors of CRC patients. The analy-
sis indicated that decreased expression level of miR-
744 was strongly correlated with lymphatic metastasis 
(p = 0.002) and TNM stage (p = 0.001). However, non-
significant association was observed with other clinico-
pathological features, including gender (p = 0.696), age 

Figure 1. Relative expression of microRNA-744 (miR-744)  
is downregulated in colorectal cancer (CRC) tissues and cell 
lines. (A) Total RNA was extracted from 53 paired CRC tis-
sues and adjacent nontumor tissues, and subjected to reverse 
transcription quantitative polymerase chain reaction (RT-qPCR) 
analysis for the detection of miR-744 expression. *p < 0.05 ver-
sus nontumor tissues. (B) RT-qPCR analysis was performed 
to measure miR-744 expression in five human CRC cell lines 
(LoVo, SW480, SW620, HCT116, and HT29) and a normal 
human colon epithelium cell line (FHC). *p < 0.05 versus FHC.
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(p = 0.501), tumor differentiation (p = 0.685), and tumor 
size (p = 0.695). We measured miR-744 expression in five 
human CRC cell lines and a normal human colon epithe-
lium cell line (FHC). As illustrated in Figure 1B, miR-
744 expression was significantly downregulated in all 
CRC cell lines relative to that in FHC (p < 0.05). These 
results suggest that downregulation of miR-744 is cor-
related with CRC progression.

miR-744 Suppresses CRC Cell Proliferation 
and Invasion In Vitro

To determine whether miR-744 is involved in the 
regulation of malignant phenotype in CRC cells, SW480 
and HCT116 cells with relatively low endogenous miR-
744 levels were selected for subsequent experiments and 
transfected with miR-744 mimic or miR-NC. RT-qPCR 
was performed to evaluate the transfection efficiency and 
recognized that miR-744 expression was markedly over-
expressed in the SW480 and HCT116 cells transfected 
with miR-744 mimics (p < 0.05) (Fig. 2A). CCK-8 assays 

were employed to investigate the effect of miR-744 over-
expression on CRC cell proliferation. The results of the 
CCK-8 assays showed that upregulation of miR-744 
inhibited the proliferation of SW480 and HCT116 cells 
(p < 0.05) (Fig. 2B). Furthermore, the effect of miR-744 
overexpression on cell invasion capability was evaluated 
using Matrigel invasion assay. The results revealed that 
the resumption of expression of miR-744 reduced the 
invasion capabilities of SW480 and HCT116 cells com-
pared with the cells transfected with miR-NC (p < 0.05) 
(Fig. 2C). These results suggest that miR-744 plays 
tumor-suppressive roles in CRC progression.

miR-744 Directly Targeted Notch1 by Interaction 
With the Binding Sites in the 3¢-UTR

To elucidate the molecular mechanisms responsible 
for the inhibitory effects of miR-744 in CRC, bioinfor-
matics prediction was conducted to predict the potential 
targets of miR-744. Notch1 (Fig. 3A) has attracted our 
attention because of its roles in CRC occurrence and 

Figure 2. Upregulation of miR-744 prohibits proliferation and invasion of SW480 and HCT116 cells. (A) SW480 and HCT116 cells 
were transfected with miR-744 mimic or miR-negative control (NC). At 48 h after transfection, total RNA was isolated, and RT-qPCR 
was performed to determine miR-744 expression. *p < 0.05 versus miR-NC. (B) Cell proliferation was evaluated using cell counting 
kit-8 (CCK-8) assay in SW480 and HCT116 cells transfected with miR-744 mimics or miR-NC. (C) Matrigel invasion assay was 
employed to determine invasion capacity in SW480 and HCT116 cells transfected with miR-744 mimics or miR-NC. *p < 0.05 versus 
miR-NC.
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development24–28. To validate the prediction, luciferase 
reporter assays were conducted in the SW480 and  
HCT116 cells cotransfected with miR-744 mimic or 
miR-NC and p-MIR-WT-Notch1-3¢-UTR or p-MIR-
MUT-Notch1-3¢-UTR. As shown in Figure 3B, miR-744 
overexpression obviously decreased the relative luciferase 
activity with WT Notch1 3¢-UTR plasmid (p < 0.05) but 
did not affect the luciferase activity of the MUT Notch1 
3¢-UTR plasmid in SW480 and HCT116 cells. To deter-
mine whether miR-744 regulates Notch1 expression at the 
transcriptional and translational levels, Notch1 expression  
in the SW480 and HCT116 cells transfected with miR-744 
mimics or miR-NC was measured using RT-qPCR and 
Western blot analysis. After exogenetically expressing 
miR-744 in SW480 and HCT116 cells, the expression of 
Notch1 was suppressed at the mRNA (p < 0.05) (Fig. 3C) 
and protein (p < 0.05) (Fig. 3D) levels. These results sug-
gest that miR-744 directly targets Notch1 in CRC by 
interacting with the binding sites in its 3¢-UTR.

Silencing of Notch1 Inhibits Cell Proliferation 
and Invasion in CRC

To investigate the biological roles of Notch1 in 
CRC, we knocked down Notch1 expression in SW480 
and HCT116 cells. Western blot analysis revealed that 
Notch1 was significantly downregulated in the Notch1  

siRNA-transfected SW480 and HCT116 cells compared 
with the NC siRNA group (p < 0.05) (Fig. 4A). Sub se-
quent functional assays indicated that downregulation  
of Notch1 attenuated the proliferation (p < 0.05) (Fig. 4B)  
and invasion (p < 0.05) (Fig. 4C) of SW480 and HCT116  
cells, which was similar to those mediated by miR-744  
overexpression. These results further suggest that Notch1 
is a direct target of miR-744 in CRC.

Restored Notch1 Expression Partially Rescues the 
Suppressive Effects of miR-744 in CRC Cells

To determine whether Notch1 could mediate the  
sup pressive effects of miR-744 in CRC cells, rescue 
experiments were conducted. SW480 and HCT116 cells 
were cotransfected with miR-744 mimic and pcDNA3.1 
or pcDNA3.1-Notch1 (without 3¢-UTR). At 72 h after 
transfection, Western blot analysis revealed that down-
regulation of Notch1 in the SW480 and HCT116 cells  
transfected with miR-744 mimic was restored by cotrans-
fection with pcDNA3.1-Notch1 (p < 0.05) (Fig. 5A). In 
addition, CCK-8 and Matrigel invasion assays demon-
strated that the restoration expression of Notch1 partially  
reversed the inhibitory effects caused by miR-744 over-
expression in SW480 and HCT116 cell proliferation (p <   
0.05) (Fig. 5B) and invasion (p < 0.05) (Fig. 5C). Collec-
tively, our present results suggest that miR-744 exerts its  

Figure 3. Notch1 is a direct target of miR-744 in CRC. (A) Predicted and mutated miR-744 binding sequences in the 3¢-untranslated 
region (3¢-UTR) of Notch1. (B) SW480 and HCT116 cells were cotransfected with miR-744 mimic or miR-NC and p-MIR-WT-
Notch1-3¢-UTR or p-MIR-MUT-Notch1-3¢-UTR. At 48 h after transfection, cells were harvested and subjected to the analysis of 
luciferase activity using the Dual-Luciferase Reporter Assay System. *p < 0.05 versus miR-NC. miR-744 mimics or miR-NC was 
transfected into SW480 and HCT116 cells. (C) RT-qPCR and (D) Western blot analysis were applied to measure Notch1 mRNA and 
protein levels, respectively. *p < 0.05 versus miR-NC.
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suppressive roles in CRC by targeting and inhibiting 
Notch1.

DISCUSSION

Accumulated studies have strongly implicated aber-
rantly expressed miRNAs in carcinogenesis and can-
cer progression in various cancers, including CRC29–31. 
Hence, a comprehensive study of miRNAs and their asso-
ciation with CRC may be a promising therapeutic method 
for patients with this malignancy. The present study 
demonstrated that the expression level of miR-744 was 
decreased in CRC tissues and cell lines, and this dysreg-
ulation was markedly correlated with lymphatic metas-
tasis and TNM stage. In addition, the upregulation of  

miR-744 reduced the proliferation and invasion of CRC 
cells. Furthermore, Notch1 was validated as a direct  
target gene of miR-744 in CRC. Moreover, the inhibition 
of Notch1 could mimic the inhibitory effects of miR-744 
overexpression on CRC. Restoration of Notch1 expression 
partially rescued the suppressive effects of miR-744 on 
CRC. Therefore, miR-744 may be highlighted as a novel  
therapeutic target for the treatment of patients with CRC.

miR-744 is frequently dysregulated in various can-
cers. For example, miR-744 is overexpressed in prostate 
cancer tissues and cell lines. Prostate cancer patients 
with high miR-744 levels have shorter survival period 
than those with low miR-744 levels20. In laryngeal squa-
mous cell carcinoma, the expression level of miR-744  

Figure 4. Notch1 knockdown reduces the proliferation and invasion of SW480 and HCT116 cells. (A) Notch1 protein expression 
was measured in SW480 and HCT116 cells transfected with Notch1 small interfering RNA (siRNA) or NC siRNA using Western blot 
analysis. *p < 0.05 versus NC siRNA. (B) Cell proliferation activity was measured by CCK-8 assay in SW480 and HCT116 cells trans-
fected with Notch1 siRNA or NC siRNA. *p < 0.05 versus NC siRNA. (C) Cell invasion capacity was analyzed with Matrigel invasion 
assay in SW480 and HCT116 cells transfected with Notch1 siRNA or NC siRNA. *p < 0.05 versus NC siRNA. 
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is upregulated and positively correlated with regional 
lymph node metastasis21. miR-744 is also increased in 
the serum of nasopharyngeal carcinoma. A high level of 
plasma miR-744 is obviously correlated with the N stage, 
clinical stage, and grade of patients with nasopharyn-
geal carcinoma. In addition, nasopharyngeal carcinoma 
patients with low miR-744 level have higher 5-year over-
all and relapse-free survival rates. The expression level 
of miR-744 in serum is an independent factor for pre-
dicting the prognosis of nasopharyngeal carcinoma22. In 
pancreatic cancer, miR-744 expression is high in tissues, 

cell lines, and plasma. Upregulation of miR-744 in tis-
sue specimens is correlated with clinical stage, and its 
expression level in plasma is associated with lymph 
node metastasis and recurrence. miR-744 level is an 
independent poor prognostic factor for patients with 
pancreatic cancer32,33. However, miR-744 expression is  
underexpressed in cervical cancer34 and hepatocellular 
carcinoma35. Hepatocellular carcinoma patients with low  
miR-744 level exhibit lower recurrence-free survival  
and overall survival rates than those with high miR-
744 levels. These conflicting findings suggest that the 

Figure 5. Restoration of Notch1 expression reverses the suppressive effects of miR-744 mimics in CRC cells. miR-744 mimic or 
miR-NC was introduced into SW480 and HCT116 cells in combination with pcDNA3.1 or pcDNA3.1-Notch1. (A) Western blot 
analysis was conducted at 72 h posttransfection to determine Notch1 protein level. *p < 0.05 versus miR-NC. #p < 0.05 versus miR-744 
mimic + pcDNA3.1-Notch1. (B) CCK-8 and (C) Matrigel invasion assays were used to detect the proliferation and invasion of the 
above-mentioned treated cells. *p < 0.05 versus miR-NC. #p < 0.05 versus miR-744 mimic + pcDNA3.1-Notch1.
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expression pattern of miR-744 has tissue specificity  
and may be a potential biomarker for their prognosis.

Dysregulation of miR-744 is closely correlated with 
tumor onset and development. For instance, the upregu-
lation of miR-744 promotes prostate cancer cell growth 
and metastasis in vitro and increases tumor growth in 
vivo20. Li et al. reported that miR-744 inhibition prohibits 
in vitro cell migration, invasion, and in vivo lung metas-
tasis in laryngeal squamous cell carcinoma21. Zhou et al. 
found that miR-744 downregulation suppresses the stem-
ness of the cancer stem cell-like phenotype and decreases 
the tumorigenicity of pancreatic cancer cells in vivo33. 
Fang et al. revealed that miR-744 promotes nasopharyn-
geal carcinoma progression through regulation of cell 
growth and metastasis in vitro and in vivo36. However, 
miR-744 serves as a tumor suppressor in cervical cancer 
via inhibiting cell proliferation and inducing apoptosis34. 
Lin et al. revealed that resumption of miR-744 expres-
sion attenuates cell proliferation and elevates cell cycle 
arrest in hepatocellular carcinoma37. These findings 
suggest that miR-744 plays key roles in the carcinogen-
esis and progression of these specific cancer types and 
might be developed as an effective novel target for their 
treatment.

Numerous targets of miR-744 have been identified, 
including naked cuticle homolog 1 (NKD1)20 in pros-
tate cancer, programmed cell death 4 (PDCD4)21 and 
phosphatize and tensin homolog (PTEN)21 in laryngeal 
squamous cell carcinoma, secreted frizzled-related pro-
tein 1 (SFRP1)33, glycogen synthase kinase 3b (GSK3b)33, 
transducin-like enhance of split 3 (TLE3)33 in pancreatic 
cancer, Rho GTPase-activating protein 5 (ARHGAP5)36 
in nasopharyngeal carcinoma, B-cell lymphoma 2 (Bcl-
2)34 in cervical cancer, and c-myc37 in hepatocellular 
carcinoma. In the current study, Notch1 was confirmed 
as a novel target of miR-744 in CRC. Notch1 is aber-
rantly and highly expressed in various types of human 
cancer, such as ovarian cancer38, gastric cancer39, thyroid 
cancer40, breast cancer41, and bladder cancer42. Notch1 
is also upregulated in CRC and is negatively associated 
with lymph node metastasis, tumor stage, depth of infil-
tration, and histological differentiation24. CRC patients 
with higher Notch1 levels exhibit shorter survival time 
than those patients with low Notch1 levels. Multivariate 
analysis identified Notch1 level as an independent pre-
dictor of prognosis in CRC25. Notch1 serves important 
roles in CRC by modulating different cancer-related bio-
logical processes26–28. Hence, targeting Notch1 may be a 
novel promising therapeutic strategy in treating patients 
with CRC.

In conclusion, miR-744 was lowly expressed in CRC 
tissues and cell lines. The low expression of miR-744 
was obviously correlated with the lymphatic metastasis 
and TNM stage of patients with CRC. miR-744 plays  

tumor-suppressive roles in CRC partly by directly tar-
geting Notch1. These results suggest that the miR-744/
Notch1 pathway is a potential therapeutic target for the 
treatment of patients with CRC.
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