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Abstract
AIM: To determine the expression of miR-422a in 
colorectal cancer (CRC) tissues and to further explore 
the prognostic value and function of miR-422a in CRC 
carcinogenesis.

METHODS: miR-422a expression was analyzed 
in 102 CRC tissues and paired normal mucosa 
adjacent to carcinoma by quantitative real-time 
PCR. The relationship of miR-422a expression with 
clinicopathological parameters was also analyzed. 
Kaplan-Meier analysis and Cox multivariate analysis 
were performed to estimate the potential role of miR-
422a. Cell proliferation, migration, and invasion were 
used for in vitro  functional analysis of miR-422a.

RESULTS: The levels of miR-422a were dramatically 
reduced in CRC tissues compared with normal mucosa 
(P  < 0.05), and significantly correlated with local 
invasion (P  = 0.004) and lymph node metastasis (P  
< 0.001). Kaplan-Meier survival and Cox regression 
multivariate analyses revealed that miR-422a expression 
(HR = 0.568, P  = 0.015) and clinical TNM stage (HR = 
2.942, P  = 0.003) were independent prognostic factors 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i24.5589

5589 June 28, 2016|Volume 22|Issue 24|WJG|www.wjgnet.com

World J Gastroenterol  2016 June 28; 22(24): 5589-5597
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

miR-422a is an independent prognostic factor and functions 
as a potential tumor suppressor in colorectal cancer

Retrospective Cohort Study

Gui-Xi Zheng, Ai-Lin Qu, Yong-Mei Yang, Xin Zhang, Shou-Cai Zhang, Chuan-Xin Wang



for overall survival in CRC patients. Furthermore, in 
vitro  experiments showed that overexpression of miR-
422a inhibited the proliferation, migration, and invasion 
of SW480 and HT-29 cells.

CONCLUSION: Down-regulation of miR-422a may 
serve as an independent prognosis factor in CRC. MiR-
422a functions as a tumor suppressor and regulates 
progression of CRC.

Key words: Colorectal cancer; MicroRNA; miR-422a; 
Prognosis; In vitro  function
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Core tip: In the present study, we found that miR-422a 
was dramatically reduced in colorectal cancer (CRC) 
tissues, and significantly correlated with local invasion 
and lymph node metastasis. miR-422a expression and 
clinical TNM stage were independent prognostic factors 
for overall survival in CRC patients. Furthermore, in 
vitro  experiments showed that overexpression of miR-
422a inhibited the proliferation, migration, and invasion 
of SW480 and HT-29 cells. These results indicated 
that down-regulation of miR-422a might serve as 
an independent prognosis factor in CRC, and miR-
422a functions as a tumor suppressor and regulates 
progression of CRC.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common 
malignant tumors with increasing incidence and 
mortality over the past several decades[1]. Despite 
the significant progress made in diagnostic methods 
and improved treatment strategies, the prognosis of 
CRC patients remains poor, especially in those with 
advanced CRC[2,3]. CRC carcinogenesis is associated 
with multiple alterations in oncogenes and tumor 
suppressor genes. A growing number of studies have 
revealed that microRNAs (miRNAs) might regulate 
up to 30% of human genes and play a pivotal role 
in various cellular processes including proliferation, 
differentiation, apoptosis, migration, and invasion[4-8]. 
While the functional mechanisms of miRNAs re
main largely unknown in the pathogenesis of CRC, 
dysregulated expression of miRNAs can serve as 
potential biomarkers for the diagnosis and prognosis of 
cancer[9-11]. 

Several studies have determined the importance of 
miR-422a in human diseases such as cancer, multiple 
sclerosis, and postmenopausal osteoporosis. Gougelet 
et al[12] reported that miR-422a could inhibit signaling 
pathways regulating tumor cell proliferation in 
osteosarcoma. A study by Mao et al[13] demonstrated 
that miR-422a targeted key mismatch repair protein 
(MutLα) by suppressing MLH1 expression, resulting 
in genome instability and tumorigenesis. Faltejskova 
et al[14] reported that dysregulation of miR-378, 
miR-375, miR-422a, miR-215 and miR-135b in CRC 
patients played an important role in CRC pathogenesis. 
However, further study is needed to confirm whether 
miR-422a is an independent predictive factor in 
patients with CRC. Moreover, the functional mechanism 
by which miR-422a regulates CRC progression and 
whether it can serve as a prognostic biomarker in CRC 
remain largely unknown.

Previously, we have identified a serum 4-miRNA 
panel that included miR-19a-3p, miR-92a-3p, miR-
223-3p, and miR-422a. This miRNA panel served 
as biomarkers for early diagnosis of colorectal ade
nocarcinoma[15,16]. In this study, we showed that the 
expression of miR-422a is dysregulated in CRC tissues. 
The correlation between miR-422a and certain clinical 
characteristics, as well as its potential as a prognostic 
marker for CRC, was also investigated. The effects 
of miR-422a on CRC cell proliferation, invasion, and 
migration were also assessed.

MATERIALS AND METHODS
Study population and sample collection
All written informed consent was obtained from every 
participant for use of tissue samples. This project was 
approved by the Clinical Research Ethics Committee 
of Qilu Hospital of Shandong University. All CRC 
patients were recruited from the Department of 
General Surgery, Qilu Hospital of Shandong University 
between November 2004 and December 2013. The 
diagnosis of CRC was confirmed by histopathology or 
histobiopsy. A total of 102 CRC tissues were collected 
and the adjacent normal mucosa tissues were used as 
controls since CRC is a malignant epithelial tumor and 
originates from glandular epithelium of the colorectal 
mucosa. All tissues were immediately frozen in liquid 
nitrogen and stored at -80 ℃ until RNA extraction. The 
median follow-up period for patients enrolled in this 
study was 63 mo (range, 14-78 mo). 

Cell culture
SW480 and HT29 cells were purchased from the Type 
Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). The two cell lines were cultured in 
DMEM medium supplemented with 10% fetal bovine 
serum (Gibco, Carlsbad, CA, United States) at 37 ℃ in 
an incubator containing 5% CO2.

5590 June 28, 2016|Volume 22|Issue 24|WJG|www.wjgnet.com

Zheng GX et al . Roles of down-regulation of miR-422a in colorectal cancer



Cell transfection
CRC cells were seeded at 2 × 105 cells/well in 6-well 
plates until 30%-50% confluency and then were 
transfected with miR-422a mimics or negative 
control mimics (RiboBio, Guangzhou, China) using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United 
States) according to the manufacturer’s introduction. 
The transfected cells were normalized and used in 
subsequent assays. The transfection efficiency was 
determined by RT-qPCR to verify the success of 
transfection.

RNA preparation, cDNA synthesis and RT-qPCR
Total RNA from cell lines, CRC tissues and normal 
mucosa was extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA, United States). The cDNA was reverse-
transcribed at 65 ℃ for 5 min in a 12 µL reaction 
system including 1 µg RNA, 1 µL reverse transcription 
primer (RiboBio, Guangzhou, China), 1 µL U6 reverse 
transcription primer and 1 µL dNTP. Then, 4 µL buffer, 
2 µL DTT and 1 µL RNase inhibitor were added and 
incubated at 37 ℃ for 2 min followed by adding 1 
µL MMLV and incubating at 37 ℃ for 50 min and 
70 ℃ for 5 min. The PCR reaction was performed as 
follows: 95 ℃ for 1 min, and 45 cycles of 95 ℃ for 

15 s, 60 ℃ for 30 s, and 72 ℃ for 45 s. U6 was used 
as a reference gene and each test was performed in 
triplicate in this study. RT-qPCR reactions were carried 
out on ABI Prism 7500 System (Applied Biosystems, 
Foster City, CA, United States). 

Cell proliferation assay
miR-422a mimics and control mimics were transfected 
into SW480 and HT29 cells, then cultured for another 
24, 48, 72, or 96 h. Cell proliferation rates was 
measured with CCK-8 reagent (Beyotime, Hangzhou, 
China) following the manufacturer’s protocol. A 
microplate photometer (Multiskan FC, Thermo scientific, 
Shanghai, China) was used to determine the optical 
density at 450 nm.

Transwell migration and invasion assays
Transwell migration assay was performed using 
transwell chambers (Corning Costar, United States). 
After transfection for 24 h, cells were transferred into 
the upper chamber. RPMI 1640 medium containing 
10% FBS functioning as a chemoattractant was added 
to matched lower chamber. SW480 and HT29 cells 
unable to migrate were removed from the upper 
surface of the transwell membrane after incubation 
for 48 h. Cells that were able to invade on the lower 
membrane surface were fixed in methanol, stained 
with 0.1% crystal violet, and counted using an inverted 
microscope (Olympus, Tokyo, Japan). For invasion 
assay, the inserts were pre-coated with matrix gel (BD 
Biosciences, Franklin Lakes, NJ, United States). 

Statistical analysis
Data were analyzed using SPSS 17.0 software 
(IBM Corporation, Armonk, NY, United States). The 
expression of miR-422a between groups was compared 
using Mann-Whitney U test. Kaplan-Meier method was 
used for overall survival analysis. The Cox regression 
model was used for univariate and multivariate 
analyses to estimate the prognostic factors. 

RESULTS
Expression of miR-422a in CRC tissues and correlative 
analysis with clinicopathological parameters
We detected the expression of miR-422a in 102 
pairs of CRC tissues and normal mucosa adjacent to 
carcinoma using RT-qPCR. The results indicated that 
miR-422a levels were significantly lower in CRC tissues 
compared with normal mucosa (P < 0.05) (Figure 
1A). Moreover, 65.7% (67 of 102) of CRC tissues had 
at least 2-fold down-regulated expression of miR-
422a compared with normal mucosa (Figure 1B). The 
levels of miR-422a in stages Ⅰ and Ⅱ samples were 
significantly higher than those in stage Ⅲ samples (P 
< 0.05). There was no significant difference in miR-
422a expression between stages Ⅰ and Ⅱ samples (P 
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Table 1  Relationship between miR-422a and clinical parameters 
in colorectal cancer tissues

Clinical parameter Number of 
cases 

(n  = 102)

miR-422a expression, 
median (min-max)

P  value

Gender    0.704
   Male 63   1.446 (0.074-130.774)
   Female 39 1.617 (0.167-33.543)
Age (yr)    0.328
   ≤ median 49   1.637 (0.088-130.774)
   > median 53 1.715 (0.074-21.871)
Tumor location    0.092
   Colon 58   1.798 (0.088-130.774)
   Rectum 44 1.887 (0.074-33.543)
Differentiation    0.150
   Well 12   1.798 (0.074-130.744)
   Moderate 67 1.922 (0.166-21.871)
   Poor 23 2.088 (0.088-20.406)
Tumor size    0.527
   ≤ 5 cm 64   2.127 (0.074-130.744)
   > 5 cm 38 2.353 (0.167-21.871)
Local invasion    0.004
   T1–T2 55   3.257 (0.206-130.744)
   T3–T4 47 1.617 (0.074-20.406)
Lymph node 
metastasis

   0.002

   No 70   2.863 (0.359-130.744)
   Yes 32 1.445 (0.074-20.406)
TNM stage < 0.001
   Ⅰ 23 3.877 (0.265-15.999)
   Ⅱ 42 3.253 (0.074-13.566)
   Ⅲ 37   1.445 (0.329-130.744)

Values are median (IQR: Inter-quartile range). TNM: Tumor node 
metastasis.
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miR-422a is an independent prognostic factor for overall 
survival in CRC patients
Our results demonstrated that 42 of 102 CRC patients 
died during the follow-up period. The 5-year overall 
survival rate was 58.8%. Patients were divided 
into high miR-422a expression and low miR-422a 
expression groups based on the median level. The 
prognosis was analyzed by Kaplan-Meier survival 
analysis, which revealed that patients with low miR-
422a expression had a significantly poorer prognosis 

> 0.05) (Figure 1C).
The association between miR-422a level and 

clinicopathological parameters of CRC patients is 
showed in Table 1. Our data showed that the level of 
miR-422a significantly correlated with local invasion 
(P = 0.004), lymph node metastasis (P = 0.002), 
and TNM stage (P < 0.001). However, there were no 
significant correlations between miR-422a level and 
gender, age, tumor location, differentiation or tumor 
size (P > 0.05). 
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Figure 1  Expression of miR-422a in colorectal cancer and its association with TNM stage. A: Levels of miR-422a were determined in 102 colorectal cancer 
(CRC) tissues and their corresponding normal mucosa (NC); B: The fold changes of relative miR-422a level (CRC/NC) in each matched samples, with “< -1” defined 
as under-expression, “-1-1” as unchanged, and “> 1” as overexpression; C: Levels of miR-422a in stages Ⅰ/Ⅱ/Ⅲ CRC.
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Figure 2   Kaplan-Meier curves for overall survival in 102 colorectal cancer patients based on miR-422a expression and the change of miR-422a expression 
compared to adjacent normal mucosa, respectively. Results showed that patients with low miR-422a expression had a significantly poorer prognosis than those 
with high miR-422a expression (A) (P = 0.0028), and patients with decreased miR-422a expression compared to adjacent normal mucosa had a significantly poorer 
prognosis than those with increased miR-422a expression (B) (P < 0.001).
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than those with high miR-422a (P = 0.0028; Figure 
2A). Furthermore, patients were divided into three 
groups (decreased, no change, and increased) based 
on the change of miR-422a expression compared 
to adjacent normal mucosa. Kaplan-Meier survival 
analysis showed that patients with decreased miR-
422a expression had a significantly poorer prognosis 
than those with increased miR-422a expression (P < 
0.001; Figure 2B). There was no significant difference 
between the decreased miR-422a group and no 
change group. In addition, Cox regression multivariate 
analysis was performed to determine whether miR-
422a was an independent factor of overall survival in 
CRC patients. The analysis revealed that miR-422a 
expression (HR = 0.568, 95%CI: 0.245-1.082; P = 
0.015) and clinical TNM stage (HR = 2.942, 95%CI: 
1.426-4.378; P = 0.003) were independent prognostic 
factors for overall survival in CRC patients (Table 2).

Overexpression of miR-422a inhibits CRC cell 
proliferation
In our preliminary experiments, we detected the 
expression levels of miR-422a endogenously in several 
CRC cell lines, including HT-29, SW480, SW620 and 
HCT-116. The results showed that the levels of miR-
422a were quite low in these CRC cells, and there 

were no significant differences in the expression 
level of miR-422a among these cell lines (data not 
shown). To measure the biological properties of miR-
422a in CRC cells, miR-422a mimics were transiently 
transfected into HT-29 and SW480 cells, respectively. 
Subsequently, real-time RT-qPCR was performed, 
which showed high transfection efficiencies in both cell 
lines (Figure 3). The results of MTT assay showed that 
transfection of miR-422a mimics could significantly 
decrease cell number in SW480 and HT29 CRC cells 
(P < 0.05; Figure 4). It means that overexpression 
of miR-422a can inhibit the proliferation potential of 
SW480 and HT29 CRC cells.

Effect of miR-422a overexpression on cell migration and 
invasion
The transwell assays with and without Matrigel were 
performed to determine the effects of miR-422a on the 
migration and invasiveness of CRC cells. Overexpression 
of miR-422a significantly inhibited the migration of 
SW480 (P = 0.017; Figure 5A and B) and HT-29 cells 
(P = 0.007; Figure 5C and D). Furthermore, transwell 
assay with Matrigel showed that the invasiveness 
of these cells was significantly suppressed in cells 
transfected with miR-422a compared with miR control 
(Figure 6A-D). 

Table 2  Univariate and multivariate analyses of overall survival in colorectal cancer patients

Variable Category Univariate analysis Multivariate analysis

HR 95%CI P  value HR 95%CI P  value

Gender Male vs Female 0.943 0.493-1.872   0.810
Age ≤ Median  vs > Median 1.436 0.528-3.157   0.148
Tumor location Colon vs Rectum 0.862 0.484-1.706   0.603
Tumor size ≤ 5 cm  vs > 5 cm 1.093 0.568-2.194   0.873
Differentiation Well and moderate  vs Poor 1.018 0.462-2.180   0.160 0.986 0.486-2.006 0.074
Local invasion T1-T2  vs T3-T4 1.682 1.020-2.628  0.011 1.460 0.746-2.632 0.482
Lymph node metastasis Yes vs No 1.182 0.634-2.530 < 0.0011 1.262 0.584-2.680 0.306
TNM stage Ⅰ and Ⅱ vs Ⅲ 2.738 1.509-4.265 < 0.0011 2.942 1.426-4.378 0.0031

MiR-422a level Low  vs High 0.306 0.108-0.763    0.0011 0.568 0.245-1.082 0.0151

1There was a significant difference between the two groups (P < 0.05).

Figure 3  Transfection efficiency assays. The expression of miR-422a in HT-29 and SW480 cells was significantly increased after transfection with the mimics. All 
experiments were performed in triplicate.
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DISCUSSION
Tumor progression in CRC is a multi-step process 
involving a large number of genetic and epigenetic alte
rations[17-19]. Numerous studies have showed that miRNA 
target genes are involved in CRC tumorigenesis[6-8,20]. 
Currently, there is an ongoing effort to elucidate new 
deregulated miRNAs and their roles in CRC progression. 

miR-422a is encoded by gene MIR422A on 15q22.31 
(64, 163, 129-64, 163, 218bp). Recently, several 
studies have studied the functional role of miR-422a in 
osteosarcoma, osteoporosis, HIV infection, and other 

tumor types[21-25]. Our previous study demonstrated 
that serum miR-422a was significantly downregulated 
in CRC patients and is a potential biomarker with a 
high diagnostic accuracy[15]. However, the expression 
and role of miR-422a in CRC tissues, as well as 
its clinicopathological and prognostic value in CRC 
tumorigenesis remain undefined. In this study, our 
results demonstrated that miR-422a was down-regulated 
in CRC tissues compared with normal mucosa, which is 
consistent with a previous study[14]. We also found that 
the expression of miR-422a was significantly associated 
with lymph node metastasis and clinical stage in CRC 

Figure 4  Overexpression of miR-422a inhibits colorectal cancer cell proliferation. Growth curves of miR-422a mimics and negative control mimics‑transfected 
CRC cells were plotted after CCK‑8 assay in SW480 and HT29 cells. All experiments were performed in triplicate. NC: Negative control.
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patients, suggesting that down-regulation of miR-
422a might participate in CRC progression. To further 
explore the value of miR-422a as a prognostic factor, 
we investigated the correlation between miR-422a and 
overall survival in CRC patients. Our results showed 
that patients with low expression of miR-422a and 
decreased miR-422a expression compared with normal 
mucosa had poorer survival, suggesting that miR-422a 
could serve as an independent prognostic factor in CRC 
patients. Overall, these results suggest that miR-422a 
plays a protective role against CRC and could be used to 
evaluate prognosis in CRC patients.

Until now, few studies have described the function 
of miR-422a[13,22,26]. A study has demonstrated that 
miR-422a and the mismatch repair protein Mutlα 
(MLH1) are involved in a feedback loop, leading to 
genome instability and tumorigenesis[13]. Another study 
showed that miR-422a significantly modulated the 
efficacy of IFN-α/RBV treatment in vivo. Exogenous 
IFN-α treatment led to decreased miR-422a and 
likely contributed to the IFN-mediated suppression of 
HIV-1, suggesting that restoring miR-422a treatment 
could be a potential therapeutic strategy for HIV-1 
infection[26]. Moreover, overexpression of human 
telomerase reverse transcriptase (hTERT) has been 
associated with the invasion and metastasis of CRC 
cells. miR-138-5p and miR-422a were found to be 
hTERT-targeting miRNAs, potentially inhibiting hTERT 
expression[26]. Invasion and migration are required for 

tumor cells to spread from the primary site to lymph 
or blood vessels. In the present study, we found that 
miR-422a expression was associated with lymph node 
metastasis and overexpression of miR-422a inhibited 
CRC cell proliferation, migration and invasion. These 
results suggest that multiple signaling pathways 
regulating different aspects of tumorigenesis may be 
regulated by miR-422a expression, suggesting that 
miR-422a may be a new therapeutic target to repress 
cancer progression.
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4-miRNA panel that included miR-19a-3p, miR-92a-3p, miR-223-3p, and miR-
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Figure 6  Effect of miR-422a overexpression on cell invasion. Overexpression of miR-422a significantly inhibited the invasiveness of in SW480 (A and B) 
and HT29 (C and D) cells after transient transfection with miR-422A mimics. Stained cells were counted in five randomly selected fields under a light microscope. 
Representative photographs (left) and quantification (right) are shown. Magnification: × 400. All assays were performed in triplicate to derive the confidence intervals.
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422a. This miRNA panel served as biomarkers for early diagnosis of colorectal 
adenocarcinoma.

Innovations and breakthroughs
The present study indicated that down-regulation of miR-422a might serve 
as an independent prognosis factor in CRC. miR-422a functions as a tumor 
suppressor and regulates progression of CRC.

Applications
By understanding the differential expression of miR-422a in CRC patients and 
its relationship with clinicopathological characteristics, prognosis and in vitro 
function, the present study may provide a new prognostic factor of CRC and 
further reveal the mechanism of miR-422a participating in CRC carcinogenesis.

Terminology
MicroRNAs are a class of short non-coding RNAs that regulate up to 30% of 
human genes and play a pivotal role in various cellular processes. A growing 
number of miRNAs have been implicated in the initiation and progression 
of tumors including miR-422a. miR-422a is encoded by gene MIR422A on 
15q22.31 (64,163,129-64,163,218bp), which has been found to be important 
in human diseases such as cancer, multiple sclerosis, and postmenopausal 
osteoporosis. 

Peer-review
The authors presented a study analyzing the prognostic value and function 
of miR-422a in CRC carcinogenesis. The results demonstrated that miR-
422a was dramatically reduced in CRC tissues and significantly correlated 
with local invasion and lymph node metastasis. miR-422a expression was an 
independent prognostic factor for overall survival. In vitro experiments showed 
that overexpression of miR-422a inhibited the proliferation, migration, and 
invasion of SW480 and HT-29 cells. These data indicated that miR-422a might 
serve as an independent prognosis factor and regulate progression of CRC by 
functioning as a tumor suppressor.
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