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Abstract: Accumulating evidence suggests that aberrantly expressed microRNAs (miRNAs) contribute to the initia-
tion and progression of human cancers. However, the underlying function of miR-193b in colorectal cancer (CRC) 
remains largely unexplored. Herein, we demonstrate that miR-193b is significantly down-regulated in CRC tissues 
compared with their normal counterparts. Kaplan-Meier analysis revealed that decreased miR-193b expression was 
closely associated with the shorter overall survival of patients with CRC. Through gain-and loss-of-function studies, 
we showed that miR-193b significantly suppressed CRC cell proliferation and invasion. In addition, bioinformatics 
analyses and luciferase reporter assays identified Stathmin 1 (STMN1) as the direct functional target of miR-193b 
in CRC. Furthermore, silencing of STMN1 resulted in a phenotype similar to that observed for overexpression of 
miR-193b, and restoration of STMN1 expression completely rescued the inhibitory effect of miR-193b in CRC cells. 
Taken together, our study implies the essential role of miR-193b in negatively regulating CRC progression, and a 
novel link between miR-193b and STMN1 in CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancers worldwide [1]. Over the years, the 
incidence of CRC has become the fifth most 
common among cancer-related deaths in China 
[2]. Although patients with early-stage colorec-
tal cancer can be cured by surgery, more than 
half of patients are diagnosed at advanced 
stages and endure a high risk of tumor recur-
rence [3, 4]. Therefore, it is vital to clarify the 
molecular mechanism of colorectal cancer 
development to reveal novel diagnostic mark-
ers and therapeutic targets.

microRNAs (miRNAs) are a small class of nucle-
ic acids that function in the transcriptional and 
post-transcriptional regulation of gene expres-
sion [5]. Deregulation of miRNAs is implicated 
in the initiation and progression of many dis-
eases [6-8]. Growing evidence suggests that 
some miRNAs, similar to protein-coding genes, 
may mediate oncogenic or tumor-suppressing 
effects and could become a new class of can-

cer biomarkers and therapeutic targets [9-11]. 
A recent study showed that miR-193b is signifi-
cantly downregulated in many types of human 
malignancies. For example, in ovarian cancer, 
miR-193b leads to a more aggressive, invasive 
phenotype and acts as an independent predic-
tor of outcome [12, 13]. In prostate cancer, miR-
193b regulates tumor progression through tar-
geting cyclin D1, which results in the inhibition 
of cell proliferation [14]. In esophageal cancer, 
miR-193b can induce autophagic flux and non-
apoptotic cell death [15]. However, the possible 
functions and underlying mechanisms of miR-
193b in CRC have not been reported. 

In the current study, we revealed significant 
downregulation of miR-193b in CRC tissues. 
Overexpression of miR-193b suppressed cell 
proliferation and invasion. Inversely, knock-
down of miR-193b significantly facilitated the 
malignant phenotype of CRC cells. Furthermore, 
we identified Stathmin 1 (STMN1) as a direct 
and functional target of miR-193b. Therefore, 
our results suggest that miR-193b may play a 
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crucial role in the development and progres-
sion of CRC by targeting STMN1.

Materials and methods

Clinical samples

A total of 106 pairs of CRC tumor and matched, 
non-tumor tissues were collected at the 
Department of Gastrointestinal Surgery, Ren Ji 
Hospital between January 2010 and December 
2014. None of the patients had received neo-
adjuvant chemotherapy before their operation. 
The presence of tumor in the tissue core was 
confirmed by H&E staining. The follow-up time 
was calculated from the date of surgery to the 
date of death, or the last known follow-up. All 
patients were well informed and the process 
was approved by the Ethics Committee of Ren 
Ji Hospital, School of Medicine, Shanghai Jiao 
Tong University, and written informed consent 
was obtained from each patient.

Cell culture and transfection

Human CRC cell lines (SW1116, SW480, HCT- 
116, and HT29) and the normal colonic epithe-
lial cell line (NCM460) were purchased from 
American Type Culture Collection. All of the 
cells lines were cultured in specific medium 
supplemented with 10% (v/v) fetal bovine se- 
rum (FBS) and 1% antibiotics at 37°C in a hu- 
midified incubator under a 5% CO2 condition.

The transfections were performed using 
Lipofectamine 2000 (Invitrogen, USA), accord-
ing to the manufacturer’s instructions. The miR-

193b mimics, miR-193b inhibitor, and miRNA 
control were obtained from GenePharma Te- 
chnology (Shanghai, China). Small interfering 
RNAs (siRNAs) targeting STMN1 and a negative 
control were also obtained from GenePharma 
Technology (Shanghai, China). The transfection 
was performed according to the manufactur-
er’s protocol.

Total RNA extraction and real-time quantitative 
PCR

Total RNA was extracted from tissues and cells 
using TRIzol reagent (Takara, Japan). The cDNA 
was synthesized using a microRNA Reverse 
Transcription Kit (Promega, USA) or a Prime- 
Script RT-PCR kit (Takara, Japan). RT-qPCR was 
performed using the StepOne Real-Time PCR 
System (Applied Biosystems, USA). The primers 
used in this study are shown in Table 1. The 
relative expression levels were determined by 
normalizing each Ct value to U6 or GAPDH Ct 
values, and the data were analyzed according 
to the 2-ΔΔCt formula. 

Cell proliferation assay

Following different treatments, CRC cells were 
seeded into a 96-well cell culture plate at a 
density of 3,000 cells/well, and grown at 37°C 
overnight. The cell viability was quantified by 
Cell Counting Kit-8 (CCK-8, Japan). Briefly, on 
the day that the growth rate of treated cells was 
measured, 100 μl of spent medium was repl- 
aced with an equal volume of fresh medium 
containing 10% CCK-8. Then, the cells contin-
ued to be incubated at 37°C for 1 h, and the 
absorbance was detected at 450 nm with a 
microplate reader.

Cell invasion assay

The invasive ability of CRC cells was detected 
by Transwell model (Corning, USA), according to 
the manufacturer’s instructions. Briefly, 5×104 
cells suspended in serum-free medium were 
plated on the top of each chamber, while medi-
um containing 20% FBS was put into the lower 
chamber. After incubating for 48 h, the cham-
bers were disassembled. The non-invaded cells 
that remained on the upper chamber were 
removed, and the membranes were stained 
with a 2% crystal violet solution for 30 min and 
placed on a glass slide. Then, the cells that 
migrated across the membrane were counted 

Table 1. Quantitative Real-time PCR primers 
used in this study
Gene name Primer sequence (5’ to 3’)
MiR-193b Forward: CGGGGTTTTGAGGGCGAGAT

Reverse: ATGACCCCAAAAGCGGGACT
STMN1 Forward: GTACTTCTGGACTCACGGGC

Reverse: AAGGCAAGAGTGGTCTGCTC
CADM1 Forward: AGGCAAATCGGAGGTGGAAG

Reverse: ACTGTCCAGTTCTTCTGCGG
IGFBP5 Forward: GCCCTCCACCTCTCTCTACA

Reverse: TCGCGGTAGCTCTTTTCGTT
U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT
GAPDH Forward: TGAAGGTCGGAGTCAACGGA

Reverse: CCTGGAAGATGGTGATGGGAT
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in five random visual fields using a light mic- 
roscope. 

Western blotting

All proteins were resolved on a 10% SDS-PAGE, 
and then transferred onto a PVDF membrane. 
The membranes were incubated with blocking 
buffer for 90 min at room temperature, and 
then incubated with an antibody against  
STMN1 (1:1000, Abcam, UK) or β-actin  
(1:1000, Abcam, UK) overnight at 4°C. The 
membranes were washed and incubated  
with a horseradish peroxidase (HRP)-con- 
jugated secondary antibody. Protein expression 

was assessed by enhanced chemilumines-
cence and exposure to chemiluminescent film. 
The LabWorks image acquisition and analysis 
software was used to quantify the band 
intensities. 

Luciferase reporter assays

The wild-type STMN1 3’UTR was cloned into the 
pMIR-REPORT luciferase vector (Genearray 
Biotechnology, Shanghai, China). The mutant 
STMN1 3’UTR was generated based on the 
pMIR-STMN1-3’UTR by mutating 3 nucleotides 
that are recognized by miR-193b. The reporter 
plasmid was transiently transfected into HT29 

Figure 1. Expression of miR-193b in CRC tissues and cell lines. (A) The transcription level of miR-193b in 106 
matched CRC tissues (T) and adjacent normal tissues (N) as measured by RT-qPCR. B, C. The relationship between 
miR-193b and clinicopathological characteristics, such as tumor size (B) and TNM stage (C). (D) Histograms of the 
transcription level of miR-193b in CRC cell lines and normal colonic epithelial cells (NCM460). The results are shown 
as the mean ± SEM (*P<0.05, ***P<0.001) of triplicate determination from three independent experiments.
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days after the initial injection, and the tumors 
were excised.

Statistical analyses

The data were expressed as the mean ± SEM of 
at least three independent experiments. All of 
the statistical analyses were performed using 
the SPSS 19.0 software. The overall survival 
rate was calculated according to the Kaplan-
Meier method, and the differences in the sur-
vival curves were evaluated by the log-rank 
test. Student’s t-test was used to analyze differ-
ences between two groups, and one-way 

Table 2. Correlations between miR-193b expression and clinico-
pathologic features in 106 colorectal cancer patients
Clinicopathological feature Expression of miR-193b

Total 106 Low  
(n=53, 50%)

High  
(n=53, 50%)

P value 
(χ2 test)

Age(years)
    <65 46 22 (47.83) 24 (52.17) 0.695
    ≥65 60 31 (51.67) 29 (48.33)
Gender
    Male 55 29 (52.73) 26 (47.27) 0.560
    Female 51 24 (47.06) 27 (52.94)
Tumor location
    Rectum 58 27 (46.55) 31 (53.45) 0.435
    Colon 48 26 (54.17) 22 (45.83)
Tumor size
    ≤5 cm 54 21 (38.89) 33 (61.11) 0.020
    >5 cm 52 32 (61.54) 20 (38.46)
CEA level
    ≤5 ng/ml 62 25 (40.32) 37 (59.68) 0.006
    >5 ng/ml 44 28 (66.67) 16 (33.33)
T classificattion
    T1-2 24 7 (29.17) 17 (70.83) 0.020
    T3-4 82 46 (56.10) 36 (43.90)
Lymph node metastasis
    Absent 57 21 (36.84) 36 (63.16) 0.003
    Present 49 32 (65.31) 17 (34.69)
Distant metastasis
    Absent 88 40 (45.45) 48 (54.55) 0.038
    Present 18 13 (72.72) 5 (27.78)
TNM stage(AJCC)
    Stage I 17 5 (29.41) 12 (70.59) 0.015
    Stage II 35 13 (37.14) 22 (62.86)
    Stage III 36 22 (61.11) 14 (38.89)
    Stage IV 18 13 (72.22) 5 (27.78)
Values in parentheses indicate percentage values. The bold number represents the 
P-values with significant differences.

Figure 2. Comparison of overall survival in CRC pa-
tients with low or high miR-193b expression.

and SW1116 cells in the 
presence of either miR-193b 
or control mimics. After  
48 h, the cells were harvest-
ed and lysed. The luciferase 
activity was measured using 
the Dual-Luciferase Repor- 
ter Assay System (Promega, 
USA), and Renilla-luciferase 
was used for normalization. 

Tumorigenesis in nude mice

Xenograft tumors were gen-
erated by subcutaneous 
injection of 4×106 cells into 
the hind limbs of each 4-to 
6-week-old BALB/C athymic 
nude mouse (nu/nu). The 
mice were obtained from the 
Animal Center of East China 
Normal University, Shanghai, 
China. All of the mice were 
housed and maintained un- 
der specific pathogen-free 
conditions, and used in 
accordance with institutional 
guidelines approved by the 
Use Committee for Animal 
Care. When the average 
tumor size reached 100 
mm3, the mice were random-
ly separated into 2 groups, 
one with subcutaneous in- 
jection of miR-193b (Agomir) 
at different sites, and the 
other with the control (Ago- 
mir). Injections were per-
formed twice a week. All of 
the mice were euthanized 16 
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ANOVA was used to determine the significant 
differences among multiple groups. P values 
less than 0.05 were considered statistically sig- 
nificant.

Results

miR-193b expression is significantly upregu-
lated in CRC

To elucidate the expression pattern of miR-
193b in CRC, we first detected the expression 
level of miR-193b in 106 matched CRC tumor 
and non-tumor tissues by quantitative reverse 
transcription PCR (RT-qPCR). The results sho- 
wed that the expression level of miR-193b was 
significantly reduced in colorectal cancer tis-
sues compared with their corresponding nor-
mal counterparts (Figure 1A). Furthermore, we 
measured the expression level of miR-193b in 
5 CRC cell lines and the normal colonic epithe-
lial cell line, NCM460 (Figure 1D). The highest 
miR-193b level was detected in the NCM460 
cells. These results indicated that miR-193b 
expression was significantly reduced in colorec-
tal cancer.

Elevated miR-193b expression predicts a poor 
prognosis in patients with CRC

To determine the clinical significance of miR-
193b, we next analyzed the association bet- 
ween miR-193b expression and the clinico-
pathological characteristics of CRC. As shown 
in Table 2, the level of miR-193b was negatively 
associated with tumor size (P=0.020), carcino-
embryonic antigen (CEA) level (P=0.006), tumor 
(T) classification (P=0.020), lymph node metas-
tasis (P=0.003), distant metastasis (P=0.038) 
and tumor node metastasis (TNM) stage 

(P=0.015). However, no significant associati- 
ons were found between miR-193b expression 
and other clinical features, including age, gen-
der, and tumor location.

To determine the prognostic value of miR-193b 
for CRC, the relationship between miR-193b 
expression and the clinical follow-up data were 
analyzed using Kaplan-Meier survival curves 
and the log-rank test. The results revealed that 
high expression of miR-193b was inversely 
associated with overall survival (OS) (n=106, 
P=0.001, Figure 2), which indicates that OS is 
poorer in CRC patients with high miR-193b 
expression than in those with low miR-193b 
expression.

To directly identify the risk factors associated 
with OS in CRC patients, univariate and multi-
variate analyses were performed to confirm 
that miR-193b represents an independent risk 
factor for poor prognosis. Univariate Cox regres-
sion analysis showed that the miR-193b expres-
sion level, CEA level, and TNM stage were sig-
nificantly associated with OS (Table 3). Furth- 
ermore, multivariate Cox regression analysis 
confirmed that the miR-193b expression level 
and TNM stage were independent predictors of 
OS in patients with CRC (Table 3). These data 
indicated that high expression of miR-193b 
may be a predictor for the diagnosis and prog-
nosis of colorectal cancer patients.

miR-193b inhibits CRC cell proliferation and 
invasion

To investigate the function of miR-193b in CRC, 
we transiently transfected the miR-193b mim-
ics or miR-193b inhibitor into CRC cells and 

Table 3. Univariate and multivariate analyses of prognostic parameters for survival in 106 colorectal 
cancer patients

Univariate analysis Multivariate analysis
Prognostic parameter HR 95% CI P value HR 95% CI P value
Expression of miR-193b (low vs. high) 0.376 0.206-0.687 0.001 0.471 0.252-0.882 0.018
Age (<65 vs. ≥65) 1.583 0.868-2.887 0.134 - - -
Gender (male vs. female) 1.220 0.692-2.152 0.491 - - -
Tumor Size (≤5 cm vs. >5 cm) 1.504 0.841-2.691 0.169 - - -
CEA level (≤5 ng/ml vs. >5 ng/ml) 2.008 1.137-3.547 0.016 1.084 0.595-1.976 0.792
Tumor location (rectum vs. colon) 1.048 0.587-1.871 0.875 - - -
TNM stage (I vs. II vs. III vs. IV) 3.235 2.166-4.830 0.000 3.157 2.051-4.861 0.000
HR: Hazard ratio; CI: Confidence interval. The bold number represents the P-values with significant differences.
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measured cellular functions (Figure 3A, 3E). 
We observed that the miR-193b mimic signifi-

cantly inhibited the proliferation and invasion of 
HT29 and SW1116 cells compared with control 

Figure 3. miR-193b inhibits CRC cell proliferation and invasion. (A) miR-193b knockdown efficiency was confirmed 
by RT-qPCR in CRC cells. (B, D) The effect of miR-193b knockdown on cell proliferation (B, C) or invasion (D) was 
evaluated by either the CCK-8 assay or Transwell assay, respectively. (E) miR-193b overexpression efficiency was 
confirmed by RT-qPCR in CRC cells. (F-H) The effect of miR-193b overexpression on cell proliferation (F, G) or inva-
sion (H) was measured by either the CCK-8 assay or Transwell assay, respectively. The results are shown as the 
mean ± SEM (*P<0.05, **P<0.01, ***P<0.001) of triplicate determination from three independent experiments.
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(Figure 3B-D). However, in HCT116 and SW480, 
cells treated with the miR-193b inhibitor had a 
significantly higher proliferative and invasive 
capacity than the negative control (Figure 
3F-H). These results showed that miR-193b 
promoted proliferation and invasion in colorec-
tal cancer cells.

miR-193b inhibited tumor growth in vivo

To further confirm the role of miR-193b in tumor 
growth, we performed a subcutaneous tumor 
transplantation experiment. We found that the 
tumor xenograft volume and weight in nude 
mice treated with miR-193b were smaller than 
that in the mock-treated mice (Figure 4A, 4B). 
Furthermore, the tumor xenograft growth in the 
miR-193b-treated nude mice was slower than 
that in the mock group (Figure 4C). 

STMN1 is a direct target of miR-193b

To explore the mechanism by which miR-193b 
affects the biological functions of CRC cells, we 
investigated the potential gene targets of miR-

193b using target prediction programs includ-
ing, Miranda (http://www.microrna.org/micror-
na/home.do) [16], TargetScan (http://www.
targetscan.org/) [17], PicTar (http://pictar.mdc-
berlin.de/) [18], and PITA (http://genie.weiz-
mann.ac.il/pubs/mir07/mir07_prediction.html) 
[19]. Our analyses revealed that STMN1, CA- 
DM1, and IGFBP5 are three potential targets  
of miR-193b. Then, we detected the mRNA 
expression of STMN1, CADM1, and IGFBP5 in 
the presence of the miR-193b mimic or miR-
193b inhibitor. The results showed that STMN1 
mRNA and protein expression were significantly 
reduced by treatment with the miR-193b mimic, 
but remarkably increased by treatment with the 
miR-193b inhibitor (Figure 5A-C). Furthermore, 
we found decreased STMN1 expression in the 
tumor xenografts of the miR-193b-treated nude 
mice compared with that in the mock-treated 
nude mice (Figure 4D, 4E).

To verify whether STMN1 is a direct target of 
miR-193b, a human STMN1 3’ untranslated 
region (3’UTR) fragment containing the wild-

Figure 4. miR-193b inhibited tumor growth in vivo. (A, B) Tumor xenograft volume (A) and weight (B) in miR-193b-
treated nude mice were smaller than that in the mock group. (C) Tumor xenograft growth in miR-193b-treated nude 
mice was slower than that in the mock group. (D, E) STMN1 expression in the tumor xenografts of miR-193b-treated 
nude mice was decreased compared with that in the mock-treated nude mice. The results are shown as the mean 
± SEM (*P<0.05, **P<0.01).
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type or mutant miR-193b-binding site was 
inserted downstream of the luciferase open 
reading frame (Figure 5D). The results showed 
that the relative luciferase activity of the report-
er containing the wild-type STMN1 3’-UTR was 
markedly decreased upon miR-193b co-trans-
fection, whereas the luciferase activity of the 
reporter containing the mutant binding site was 
unaffected (Figure 5E, 5F). These results 
strongly suggest that STMN1 is a direct target 
of miR-193b in CRC cells.

Silencing of STMN1 compromises the tumor 
progression of CRC in vitro

To reveal the role of STMN1 in CRC, we silenced 
STMN1 in HT29 and SW1116 cells with STMN1 

siRNA and confirmed the transfection efficiency 
by Western blotting (Figure 6A). Consistent with 
the functions of STMN1 in endometrial carci-
noma [20] and bladder carcinoma [21, 22], 
silencing of STMN1 decreased CRC cell prolif-
eration and invasion (Figure 6B-D).

Restoration of STMN1 abolishes the tumor 
suppressor role of miR-193b

To further confirm whether the tumor-suppres-
sive role of miR-193b was mediated by STMN1, 
a gain-of-function study was performed. Firstly, 
we transfected HT29 and SW1116 cells with 
either control or miR-193b mimics along with 
either pcDNA3.1 or pcDNA3.1-STMN1 to detect 
the protein level of STMN1 (Figure 7A). Then, 

Figure 5. STMN1 is a direct target of miR-193b. (A, B) The mRNA levels of STMN1, CADM1, and IGFBP5 were de-
tected in the presence of the miR-193b mimic (A) or miR-193b inhibitor (B). (C) The protein level of STMN1 was 
detected in the presence of the miR-193b mimic or miR-193b inhibitor by Western blotting. (D) The predicted miR-
193b binding sites in the 3’-UTR of STMN1 were detected using bioinformatics prediction tools. The mutated site in 
the 3’-UTR of STMN1 is also shown. (E, F) CRC cells were co-transfected with either the miR-193b expression vector 
or empty vector, and either the STMN1 3’-UTR reporter plasmid (E) or its mutant form (F). The luciferase activity was 
detected 48 h after transfection. The results are shown as the mean ± SEM (**P<0.01, ***P<0.001) of triplicate 
determination from three independent experiments.
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we performed CCK-8 assays and Transwell as- 
says. We found that overexpression of STMN1 
completely abolished the effects of miR-193b 
on cell proliferation and invasion in HT29 and 
SW1116 cells (Figure 7B, 7C). 

Discussion

Few advances have been made in the treat-
ment for CRC over the past decade [2]. The dis-
covery of miRNAs provides a novel insight into 
understanding the molecular mechanisms of 
and treatment for different cancers. The role of 
miRNAs in various cancers has been attracting 
more attention [23, 24]. In this study, we dem-
onstrated that the expression of miR-193b in 
CRC tissues was significantly downregulated 
compared with corresponding normal controls. 
Kaplan-Meier survival analysis showed that 

patients displaying a low miR-193b expression 
level exhibited a significantly shorter survival 
duration than those displaying a high miR-193b 
expression level. 

Accumulating evidence has suggested that 
miR-193b acts as a tumor suppressor in vari-
ous types of cancer, such as breast, gastric, 
cervical, and prostate cancers [25-28]. For 
instance, the expression level of miR-193b was 
significantly downregulated in endometrioid 
adenocarcinoma [29]. Chen et al. found that 
miR-193b was significantly downregulated in 
melanoma tissues, and overexpression of miR-
193b in melanoma cell lines repressed cell pro-
liferation [30]. Consistent with this observation 
in melanoma, we also demonstrated that miR-
193b acts as a tumor suppressor in CRC cell 
proliferation and invasion. In addition, we found 

Figure 6. Silencing of STMN1 compromises CRC tumor progression in vitro. A. The efficacy of RNA interference in 
HT29 and SW1116 cells was verified by Western blotting. B and C. Silencing of STMN1 inhibited CRC cell prolifera-
tion as detected by CCK-8 assays. D. Silencing of STMN1 significantly decreased the invasive ability of CRC cells as 
indicated by Transwell assays. The results are shown as the mean ± SEM (*P<0.05, **P<0.01, ***P<0.001) of 
triplicate determination from three independent experiments.
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that the tumor sizes in the miR-193b-treated 
BALB/c mice were significantly smaller than 
that in the control group. 

It is generally accepted that miRNAs exert their 
biological effects through regulating the expres-

sion of their downstream target genes [31]. In 
recent years, many studies have focused on 
the role of miRNAs in cellular growth, differen-
tiation, and metastasis of cancer cells through 
interactions between the miRNAs and their tar-
get genes [9, 14]. Studies show that STMN1 

Figure 7. Restoration of STMN1 abolishes the tumor suppressor role of miR-193b. A. The protein level of STMN1 
was measured in HT29 and SW1116 cells transfected with either the control or miR-193b mimics along with either 
pcDNA3.1 or pcDNA3.1-STMN1. B. The effect of the miR-193b mimic on the proliferative potential of HT29 and 
SW1116 cells was detected in the presence of pcDNA3.1-STMN1 treatment via CCK-8 assays. C. The effect of the 
miR-193b mimic on the invasive potential of HT29 and SW1116 cells was detected in the presence of pcDNA3.1-
STMN1 treatment via Transwell assays. The results are shown as the mean ± SEM (**P<0.01, ***P<0.001) of 
triplicate determination from three independent experiments.
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participates in the process of miR-193b-related 
regulation [32, 33]. Consistent with studies in 
pancreatic cancer and melanoma, our research 
also identified STMN1 as a target of miR-193b 
in colorectal cancer. Four lines of evidence sup-
ported our finding. First, bioinformatics predic-
tion tools identified a miR-193b binding site in 
the 3’-UTR of STMN1. Second, the miR-193b 
mimic reduced the protein and mRNA levels of 
STMN1, while the miR-193b inhibitor promoted 
the expression of STMN1 in CRC cells. Third, 
STMN1 3’-UTR-mediated luciferase activity was 
specifically responsive to transfection of the 
miR-193b mimic. Finally, restoration of STMN1 
completely abrogated the tumor suppressor 
role of miR-193b. However, a specific miRNA 
has the potential to target multiple genes. miR-
193b may perform its function through coop-
erative regulation of its other target genes, 
such as cyclin D1, MCL-1, and Rab22A [14, 34, 
35]. In the future, other targets of miR-193b, 
besides STMN1, need to be identified in 
colorectal cancer.

STMN1, also known as oncoprotein 18 (Op 18), 
is a 19-kDa cytosolic protein that destabilizes 
microtubules in a phosphorylation-dependent 
manner [36, 37]. STMN1 expression has been 
reported in various human cancers, such as 
breast and lung cancer [25, 38]. In CRC, STMN1 
promotes proliferation and migrationand is cor-
related with a more advanced pathological 
grade and poor overall survival [39-41]. These 
studies suggest that STMN1 may play a critical 
role in the progress of colorectal cancer, alth- 
ough the specific molecular mechanism is un- 
clear. Schimmack et al. found that STMN1 co- 
uld regulate phosphoinositide 3-kinase (PI3K) 
signaling in pancreatic cancer [42]. Therefore, 
the downstream signaling pathways of STMN1 
in CRC require further investigation.

In summary, the present study describes the 
essential role of miR-193b in negatively regu-
lating CRC progression and suggests a novel 
link between miR-193b and STMN1 in CRC. The 
miR-193b/STMN1 axis provides a novel insight 
into the pathogenesis of CRC, and might repre-
sent a potential therapeutic target for the treat-
ment of CRC.
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