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Original Article 
Up-regulated miR-155-5p promotes cell proliferation,  
invasion and metastasis in colorectal carcinoma
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Abstract: Background and objective: Emerging evidences indicate that miR-155-5p is associated with some cancer 
tumorigenesis, but their specific effects on proliferation, invasion and metastasis of colorectal carcinoma (CRC) 
are still poorly understood. The aim of the study is to investigate miR-155-5p effect on proliferation and invasion 
metastasis of CRC. Methods: Retrospectively analyzed clinicopathological parameters and fresh tissue samples 
of 372 colon cancer patients receiving radical surgery. HT-29 cells were transfected with mimics and inhibitors 
of miR-155-5p, respectively. Real-time reverse transcription-PCR was performed to measure miR-155-5p relative 
levels of tissues and cells. Results: miR-155-5p expression in cancer group was higher than that in normal group, 
with statistical differences (P<0.05). miR-155-5p expression was associated with tumor location, tumor grade, TNM 
staging and distant metastasis (P<0.05 for all parameters). Cell number of mimics group was higher than control 
group (P<0.01), and that of inhibitor group was lower than control group (P<0.05). Invasion and metastasis effect of 
mimics group were the highest and those of inhibitor group were the lowest. Conclusions: miR-155-5p expression is 
up-regulated in most CRC and promotes proliferation, invasion and metastasis of CRC cells. It may play an essential 
role in tumorigenesis and tumor progression of CRC. 
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Introduction

Colorectal cancer (CRC) ranks the third most 
common cancer worldwide and it is regarded 
as one of the most frequent cancers, greatly 
influence human health [1, 2]. Although some 
progression has been achieved in treating CRC 
in the past decades, the overall survival rate of 
patients with CRC has not expectantly changed. 
CRC development involves a multi-step process 
including both genetic and epigenetic changes, 
which leads to activation of oncogenes and 
inactivation of tumor suppressor genes in can-
cer cells [3]. 

MicroRNAs (miRNAs) are non-coding RNA mol-
ecules. They exert their functions by binding to 
the 39-untranslated regions of their corre-
sponding mRNA targets [4]. Approximate one-
third of the total human genes are considered 
to be regulated by miRNAs, suggesting that 
miRNAs have critical roles in physiological and 

pathological processes [5, 6]. Plenty of studies 
indicate that miRNAs are implicated in human 
malignance [7, 8]. The abnormal miRNAs 
expression can lead to corresponding aberrant 
protein expression which may contribute to 
acquiring malignance hallmarks. Consequently, 
the function of miRNAs is supposed to be tumor 
suppressors or oncogenes. 

Recently, convincing evidences showed that a 
series of miR-155 play crucial roles in CRC 
tumorigenesis and tumor progression. Svrcek 
et al [9] reported that detection and monitoring 
of miR-155 field defect might have implications 
for the prevention and treatment of inflamma-
tory bowel disease related CRCs with microsat-
ellite instability. Valeri et al [10] pointed out 
there was an inverse correlation between the 
expression of miR-155 and the expression of 
MLH1 or MSH2 proteins in human colorectal 
cancer. Hiroyuki et al [11] confirmed that miR-
155 overexpression could down-regulate 
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expression of MLH1, MSH2, and MSH6, result-
ing in tumorigenesis. However, miR-155 effect 
on CRC proliferation and invasion metastasis 
has been far from being fully understood. 

In the present study, we firstly investigated miR-
155-5p expression and found it was up-regulat-
ed in 81.45% CRC patients. CRC cells were 
transfected with mimics and inhibitors of miR-
155-5p, respectively. RT-PCR results showed 
that miR-155-5p could promote CRC cells pro-
liferation. Transwell test indicated it could 
enhance invasion metastasis effect of CRC 
cells. These results suggested that miR-155-5p 
play a significant role in CRC tumorigenesis and 
tumor progression.

Materials and methods

Patients and clinical samples

Clinicopathological parameters and fresh tis-
sue samples of 372 colon cancer patients (205 

males, 167 females) who received rad-
ical surgery in the Tumor Affiliated 
Hospital of Xinjiang Medical University 
in China between January 1st 2011 
and May 1st 2014 were collected. The 
mean patient age was 60.07±13.89 
years old. All patients had their colorec-
tal cancer diagnosis histopathological-
ly confirmed. The adjacent normal tis-
sue samples were obtained from the 
normal colorectal tissue located 5 cm 
away from the tumor. The clinicopatho-
logical data of all the patients were 
listed in Table 1. Tumor-Node-Metas- 
tasis (TNM) stage was determined 
according to the American Joint 
Committee on Cancer (AJCC)/Interna- 
tional Union Against Cancer (UICC) 
TNM staging system of colorectal can-
cer (2010, Seventh Edition). No 
patients received preoperative chemo-
therapy or immunotherapy. The pres-
ence of complex metastases (e.g. 
uncertain lumps, micrometastases 
[particularly in the liver], and abdomi-
nal/pelvic lymph node metastases) 
were diagnosed using enhanced 
Computed Tomography (CT), Magnetic 
Resonance Imaging (MRI), Positron 
Emission Tomography-Computed To- 
mography (PETCT) and puncture 
biopsies.

Table 1. Relationship of miR-155-5p and clinicopathologic 
features

miR-155-5p
n χ2 P

lower upper
Tumor location 14.456 0.001
    right hemicolon 27 56 83
    left hemicolon 14 100 114
    rectal 28 147 175
Tumor size (cm) 3.438 0.179
    <4 23 111 134
    4-6 21 115 136
    ≥6 25 77 102
Tumor grade 4.120 0.042
    low 46 237 283
    high 23 66 89
TNM staging 13.092 0.004
    I 8 33 41
    III 34 86 120
    III 23 140 163
    IV 4 44 48
Distant metastasis 5.295 0.021
    M0 65 249 314
    M1 4 54 58
Lymphatic invasion 0.148 0.700
    Yes 9 45 54
    No 60 258 318
Peripheral nerve infiltration 0.052 0.819
    Yes 3 18 21
    No 66 285 351

The study design and procedures described 
below were approved by our institutional review 
board, and written informed consent was 
obtained from each patient. Patient samples 
were obtained following informed consent 
according to an established protocol approved 
by the Institute Research Ethics Committee of 
Affiliated Tumor Hospital of Xinjiang Medical 
University (No. W-201321), which acts to meet 
the demands of the Declaration of Helsinki 
(2000) of the World Medical Association.

Cell culture and transfection

HT-29 cell lines were obtained from Cancer 
Research Institute, Central South University. 
The HCT116 cells were cultured in RPMI 1640 
(Gibco Co., Ltd., USA). The media were supple-
mented with 10% FBS (fetal bovine serum) 
(Gibco Co., Ltd., USA). The miR-155-5p mimics 
(No. miR10000646-1-5) and inhibitors (No. 
miR 20000646-1-5) were synthesized and 
purified by TaKaRa Biotechnology Co., Ltd., 
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Japan. Both the single mimics and inhibitors 
were transfected using LipofectamineTM 2000 
reagent (Invitrogen Co., Ltd., California, USA), 
and collected for RT-PCR and Transwell test. 

Proliferation assay

Cells were grown in RPMI-1640 medium con-
taining 10% fetal serum. 1×103 cells were seed-
ed in flat-bottom 96 well plates and incubated 
at 37°C in 5% CO2. Cell number was directly 
counted by Coulter Counter (Inno-Alliance 
Biotech, Co., Ltd., USA) on 2nd day. 

Real-time reverse transcription-PCR (RT-PCR)

The expression of miR-155-5p in the fresh tis-
sue samples or transfected cell lines was quan-
tified by SYBR Green assays with primers and 
SYBR Green from TaKaRa Biotechnology. The 
mean cycle threshold was determined by tripli-
cate PCR runs, and gene expression was calcu-
lated relative to U6 snRNA. The primer for miR-
155-5p was 5’-TTAATGCTAATCGTGATAGGGGT-3’ 
and the primer for U6 was 5’-ATTGGAACGATAC- 
AGAGAAGATT-3’.

Cell migration/invasion assays

Cell motility and invasiveness were determined 
by a 24 well transwell plate (8 µM pore size; 
Costar) [12]. Briefly, for transwell migration 
assays, 1×104 cells were placed on the top 
chamber lined with the noncoated membrane. 
For invasion assays, 3×104 cells were placed 

on the upper chamber of each insert coated 
with 200 mg/ml of Matrigel (BD Biosciences, 
CA, USA).

Statistical analysis

Statistics were analyzed with the SPSS statisti-
cal software package, version 13.0 ((SPSS Inc., 
Chicago, IL, USA)). The Students’ t test were 
performed for RT-PCR. The correlation between 
miR-155-5p and clinicopathological factors 
was analyzed by Chi-square test. A value of 
P<0.05 indicated a significant difference.

Results

miR-155-5p relative expression in colorectal 
cancer tissue

Malignant tumor tissues and matched adja- 
cent normal tissues of 372 colorectal cancer 
patients were measured by RT-PCR. The results 
showed that in cancer group miR-155-5p 
expressions were up-regulated in 303 cases 
(81.45%) and down-regulated in 69 cases 
(18.55%). Their miR-155-5p relative mean 
expression level of cancer tissues were higher 
than those of matched adjacent normal tissues 
in 303 up-regulated miR-155-5p cases, with 
obvious statistical significance (P<0.01); 
Meanwhile, their miR-155-5p relative mean 
expression level of cancer tissues were a little 
lower than those of matched adjacent normal 
tissues in 69 down-regulated miR-155-5p 
cases, with no statistical significance (P>0.05) 
(Figure 1). 

Correlation between miR-155-5p and clinico-
pathologic parameters

Statistical analyses were performed to assess 
any relationships between miR-155-5p and 
clinicopathological factors (Table 1). miR-155-
5p levels were associated with tumor location, 
tumor grade, TNM staging and distant metasta-
sis (P<0.05 for all parameters). Meanwhile, 
miR-155-5p was not related to the patient’s 
tumor size, lymphatic invasion and peripheral 
nerve infiltration (P>0.05 for all parameters).

Proliferation effect of miR-155-5p in vitro

HT-29 cell lines were treated with different 
methods, Group A, as a control group, treated 
with the same dose of D-Hanks liquid; Group B, 

Figure 1. miR-155-5p relative expression in colorec-
tal cancer tissue and matched adjacent normal tis-
sues. miR-155-5p relative expression in 372 patients 
with colorectal cancer was measured by RT-PCR. 
Statistic analysis showed miR-155-5p expression in 
cancer group was higher than in normal group, with 
statistical differences (P<0.05).
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as a overexpression group, transfected with 
miR-155-5p mimics; Group C, as a silence 
group, transfected with miR-155-5p inhibitor. 
The results indicated that cell number of Group 
B was higher than group A (P<0.01), and that  
of group C was lower than group A (P<0.05) 
(Figure 2). It suggested that miR-155-5p could 
promote colorectal cancer cell proliferation in 
vitro.

Invasion metastasis effect of miR-155-5p in 
vitro

HT-29 cell lines were treated with three differ-
ent methods, the same as the above. The 
results indicated that invasion metastasis 
effect of Group B was the highest and that of 
group C was the lowest among the three groups 
(Figure 3). It suggested that miR-155-5p could 

Figure 2. Proliferation effect comparison among differently treated HT-29 cells. Group A. Treated with the same dose 
of D-Hanks liquid; Group B. Transfected with miR-155-5p mimics; Group C. Transfected with miR-155-5p inhibitor. 
D. Cell number was counted by Coulter Counter on 2nd day and statistically analyzed, compared with control group, 
*P<0.05, **P<0.01.

Figure 3. Invasion metastasis effect comparison among differently treated HT-29 cells by Transwell test. Group A. 
Treated with the same dose of D’ Hanks liquid; Group B. Transfected with miR-155-5p mimics; Group C. Transfected 
with miR-155-5p inhibitor. Invasion metastasis effect of HT-29 cells with transfection of miR-155-5p mimics and 
inhibitor were the best and the worst, respectively.
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promote colorectal cancer cell invasion metas-
tasis in vitro.

Discussion

Current research suggests that differential 
expression level of miRNAs in CRC can be 
involved in the development and progression of 
CRC and may serve as biomarkers for CRC diag-
nosis and prognosis [13-15]. In CRC, several 
miRNAs are known to be differentially expre- 
ssed and implicated in colorectal carcinogene-
sis. Studies presented more miRNAs, when 
dysregulated in CRC, have been demonstrated 
to be associated with cell proliferation [16], 
apoptosis [17, 18], invasiveness and metasta-
sis [19]. For example, aberrant miR-106a 
expression could act as a marker of disease-
free survival and overall survival independent 
of tumor stage. 

However, in our study, we aimed to explore new 
miRNAs which can be potentially developed 
into novel biomarkers for CRC diagnosis and 
prognosis. We discovered that miR-155-5p 
expression in colorectal cancer tissues was 
higher than those in matched adjacent normal 
tissues. Li [20] reported that up-regulation of 
miR-155 is related to colitis-associated carci-
nogenesis. Svrcek [9] pointed out that miR-155 
up-regulation was closely related with inflam-
matory bowel diseases, which increased risk of 
developing CRC. Pan [21] indicated that miR-
155 overexpression in pancreatic cancer. 
Jurkovicova [22] said that altered expression  
of miR-155 has been described in multiple 
cancerous and other diseases, reflecting stag- 
ing, progress and treatment outcomes. miR-
155 became a potential biomarker and candi- 
date for clinical utilization as predictor of the 
presence of cancer, its staging and prognosis. 

For miR-155 effect, there are several different 
arguments previously reported [23-26]. Valeri 
et al [10] reported that mismatch repair and 
genomic stability was modulated by miR-155. 
Farooqi et al [27] pointed out that miR-155 
could modulate cell apoptosis. Huang et al [28] 
said that regulation of miR-155 affected pan-
creatic cancer cell invasiveness and migration. 
Palma et al [29] indicated microRNA-155 could 
induce apoptosis and cell differentiation in 
acute myeloid leukemia. Yuhas et al [30] dem-
onstrated that upregulation of miR-155 by nitric 
oxide provides a new link between nitric oxide, 
inflammation, and cancer in human hepatic 

epithelial cells. In our study, the results demon-
strated overexpression miR-155-5p could pro-
mote CRC cells proliferation and enhanced 
Invasion metastasis effect of CRC cells by mea-
suring different transfected HT-29 cell lines. It 
was consistent with some other research con-
clusion, that expression of miR-155 is upregu-
lated in cells with high proliferative activity and 
decreased apoptotic capability. Zhang et al [31] 
proved that miR-155 promoted proliferation of 
human breast cancer MCF-7 cells through tar-
geting tumor protein 53-induced nuclear pro-
tein 1. Yu et al [32] also said that miR-155 
could promote tumor metastasis of bone mar-
row. However, Gasparini et al [33] reported 
miR-155 in breast cancer, as a protective role, 
targeted impairs homologous recombination 
through RAD51 after irradiation. Li et al [34] 
reported that mir-155-5p was down-regulated 
in gastric cancer. The reason of the above may 
be that heterogeneity lies in biological function. 
In detail, miR-155 may play an opposite effect 
in different cancers and it might also play a dif-
ferent role in different location or stage of a 
certain type of cancer. 

In summary, overall results herein presented 
indicate that miR-155-5p expressions are up-
regulated in malignancy tissue of most patients 
with CRC. miR-155-5p expressions are closely 
associated with some malignant phenotype of 
CRC, such as tumor location, tumor grade, TNM 
staging and distant metastasis. Proliferation, 
invasion and metastasis of CRC cells can be 
modulated by miR-155-5p expression. Up-regu- 
lated miR-155-5p can promote proliferation, 
invasion and metastasis of CRC. Therefore, 
miR-155-5p in CRC might play a crucial role in 
regulating tumorigenesis, and tumor progres-
sion. It is prospective to be a diagnostic factor 
or a drug target after researching deeper mech-
anism of biological functions.
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