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Background: Analysis using publicly available algorithms predicts that X-ray repair 

 complementing defective repair in Chinese hamster cells 2 (XRCC2), a key component in the 

homologous recombination repair pathway, is a potential target of micro-ribonucleic acid-7 

(miR-7). Some studies have shown that both miR-7 and XRCC2 are associated with cancer 

development. For this purpose, we searched for the possible relationship between miR-7 and 

XRCC2 in the development of colorectal cancer (CRC).

Methods: miR-7 expression was assessed in CRC specimens and cell lines using real-time 

polymerase chain reaction (PCR). Luciferase reporter assay was used to confirm the target asso-

ciations. The effect of miR-7 on cell proliferation and apoptosis was confirmed in vitro by the 

methylthiazol tetrazolium (MTT) assay, colony formation assay, and flow cytometry. Gene and 

protein expression were examined using real time PCR and western blotting, respectively.

Results: miR-7 was downregulated in CRC specimens and cell lines, and targeted the 

3′  untranslated region of XRCC2. miR-7 overexpression reduced cyclin D1 expression and 

increased p21, caspase-3, and BAX expression, which subsequently inhibited CRC cell 

 proliferation and induced CRC cell apoptosis. However, XRCC2 can repress the inhibitory 

effects of miR-7 on proliferation.

Conclusion: Our findings suggest that miR-7 plays a protective role by inhibiting proliferation 

and increasing apoptosis of CRC cells. It may identify new targets for anti-cancer treatment.
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Introduction
Colorectal cancer (CRC) is one of the most malignant types of cancers. In the United 

States and Europe, it is the second most frequent cancer (after lung cancer) that leads to 

death.1 In the People’s Republic of China, it has been reported that the incidence of CRC 

increases annually and will continue to rise in the next few years.2 Currently, approxi-

mately 1.25 million people are diagnosed with CRC, and more than 600,000 patients will 

die from it every year around the world.3 In recent years, significant advances have been 

made in the integration of targeted therapies in CRC treatment. However, better targeted 

drugs are required because the effects of existing drugs are not satisfactory.

X-ray repair complementing defective repair in Chinese hamster cells 2 (XRCC2) 

is located at 7q36.1 and encodes a member of the Rad51-related protein family that 

participates in homologous recombination to maintain chromosome stability and 

repairs deoxyribonucleic acid (DNA) damage. This gene is involved in the homolo-

gous recombination repair (HRR) pathway of double-stranded DNA; it is believed that 

it repairs chromosomal fragmentation, translocations, and deletions.4–6 Some studies 
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have shown that XRCC2 is associated with the development 

of CRC. Curtin et al found that XRCC2 single-nucleotide 

polymorphisms can increase the risk of CRC.7,8 Haines et al  

found that XRCC2 haploinsufficiency reduced spontaneous 

tumor incidence in a multiple intestinal neoplasia (min/+) 

mice background but increased the tumorigenic response 

to radiation.9

Micro-ribonucleic acids (miRNAs) are a class of small 

noncoding ribonucleic acids (RNAs) that can negatively 

regulate posttranscriptional gene expression, mainly by bind-

ing to the 3′ untranslated region (UTR) of a target gene, and 

can act as tumor suppressors or oncogenes. Recent advances 

in miRNA research have provided new insights into the 

mechanisms driving CRC.10,11 Numerous studies have dem-

onstrated that aberrant miRNA expression is closely associ-

ated with cellular proliferation, differentiation, apoptosis, and 

tissue development.10,11 An increasing amount of evidence 

finds that miRNAs are involved in the development of dif-

ferent human cancers, and they have been widely proposed 

as potential targets for anticancer therapies.12–15 Recently, 

multiple miRNAs were implicated in CRC progression, such 

as miR-622,16 miR-34b,17 miR-1226,18 miR-150,19 miR-561,20 

miR-608,21 and miR-153.22

Publicly available algorithms (TargetScan, PicTar, 

miRanda) indicate that mirR-7 (micro-ribonucleic acid-7) 

may directly target the 3′ UTR of XRCC2. In our study, we 

demonstrated that miR-7 inhibits CRC cell proliferation and 

induces apoptosis by targeting the 3′ UTR of XRCC2 mRNA. 

Our results suggest that miR-7 may play an important role 

in CRC tumorigenesis.

Materials and methods
Patients and ethics statement
The eight malignant CRC tissues and adjacent noncancerous 

tissues used in this study were obtained from patients who 

underwent surgery at the First Affiliated Hospital of Sun 

 Yat-Sen University, People’s Republic of China. The Sun 

Yat-Sen University and First Affiliated Hospital Institutional 

Ethical Board approved the use of clinical materials for 

research purposes in this study, and written informed consent 

was obtained from all patients.

Cell culture
Normal colonic mucosa epithelial cells were isolated and 

purified from the adjacent noncancerous tissues of the patient 

who underwent surgery at our hospital. CRC cell lines 

SW620, SW480, LoVo, RKO, and LS174T were obtained 

from American Type Culture Collection (Manassas, VA, 

USA). Cell lines were cultured in  Dulbecco’s Modified Eagle 

Medium (Life Technologies, Carlsbad, CA, USA) supple-

mented with 10% fetal bovine serum (HyClone, Logan, UT, 

USA) and 1% penicillin/streptomycin. Colorectal normal tis-

sue was used as the normal control. All cells were maintained 

in a humidified atmosphere at 37°C with 5% CO
2
.

RNA extraction, reverse transcription,  
and real-time PCR
Total RNA was extracted from the cultured cells, CRC 

tumors, and the adjacent noncancerous tissues using 

 TRIzol® (Life Technologies) according to the manu-

facturer’s instructions. Real-time quantitative reverse 

transcription–polymerase chain reaction was performed 

using SYBR® Green I (Life Technologies) with an ABI 

7500 system (Life Technologies). Gene expression 

data were normalized to the geometric mean of the 

 glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

housekeeping gene to control for variability in expression 

levels and calculated as:

 2−([Ct of gene] − [Ct of GAPDH]) [1]

where Ct represents the threshold cycle for each transcript. 

Quantitation of miRNA was based on the Ct, and relative 

expression was calculated as:

 2−[(Ct of miR-7) − (Ct of U6)] [2]

after normalization to U6 small nuclear RNA. The following 

primers were used:

•	 p21 forward: 5′-CGATGCCAACCTCCTCAACGA-3′, 
p21 reverse: 5′-TCGCAGACCTCCAGCATCCA-3′;

•	 c y c l i n  D 1  f o r w a r d :  5 ′ - A A C T A C C T-

GGA CCGCTTCCT-3 ′ ,  cyc l in  D1  r eve r se : 

5′-CCACTTGAGCTTGTTCACCA-3′;
•	 Bcl-xL forward: 5′-TTGGACAATGGACTGGTTG-3′, 

Bcl-xL reverse:	5′-GTAGAGTGGATGGTCAGTG-3′;
•	 caspase-3 forward: 5 ′-ATGGGAGCAAGTCAG 

TGGAC-3′, caspase-3 reverse: 5′-CGTACCAGAGCG 

AGATGACA-3′;
•	 GAPDH forward: 5′-GACTCATGACCACAGTCC 

ATGC-3′, GAPDH reverse: 5′-AGAGGCAGGGATGAT 

GTTCTG-3′;
•	 XRCC2 forward: 5′-TCACCTGTGCATGGTG ATATT-3′, 

XRCC2 reverse: 5′-TTCCAGGCCACCTTC TGATT-3′.
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Western blotting
Western blotting was performed according to standard 

methods as previously described.23 Membranes were probed 

with polyclonal rabbit antibodies against XRCC2 (1:1,500; 

Abcam, Cambridge, UK), cyclin D1, p21, retinoblastoma 

protein, phosphorylated retinoblastoma protein, caspase-3, 

BAX, and Bcl-xL (1:1,000; Santa Cruz Biotechnology, Santa 

Cruz, CA, USA). Then, the membranes were stripped and rep-

robed with anti-β-actin mouse monoclonal antibody (1:1,000; 

 Sigma-Aldrich, St Louis, MO, USA) as a loading control.

Plasmids and transfection
The 100–900 base pair region of the human XRCC2 3′ UTR 

was PCR-amplified from genomic DNA from SW480 cells and 

cloned into pGL3 vectors (Promega Corporation,  Fitchburg, 

WI, USA). Transfection of miR-7 mimic, miR-7 inhibitor, 

negative control (NC), XRCC2-small interfering RNA (siRNA; 

RiboBio Co, Ltd, Guangzhou, People’s Republic of  China), and 

plasmids were performed using Lipofectamine® 2000 (Life 

 Technologies) according to the manufacturer’s instruction.

Methylthiazol tetrazolium assay
Methylthiazol tetrazolium (MTT) assay was performed 

to quantify CRC cell viability following transfection with 

miR-7 mimic, miR-7-inhibitor, and NC. Cells were stained 

with 100 µL sterile 3-(4,5- dimethythiazol-2-yl)-2,5-diphen

yl tetrazolium bromide (0.5 mg/mL; Sigma-Aldrich) for 4 

hours at 37°C. Culture medium was then removed and for-

mazan crystals in the cells were solubilized using dimethyl 

sulfoxide (Sigma-Aldrich) with plate shaking for 30 minutes. 

Cells were incubated for 36 hours at 37°C in a humidified 

5% CO
2
 atmosphere.  Absorbance was measured at 570 nm 

with a reference wavelength of 655 nm. All experiments were 

performed in triplicate.

Colony formation and apoptosis assays
Cells were seeded on a 6-well plate (0.5 ×	103 cells per well) 

and cultured for 10 days. Colonies were fixed for 5 minutes 

with 10% formaldehyde and stained with 1.0% crystal violet 

for 1 minute. The experiment was performed independently 

three times for each cell line. For the apoptosis assay,  cultured 

cells were harvested 72 hours following transfection by 

trypsinization and washed with phosphate-buffered saline. 

Then,1 ×	 106 cells from each sample were processed for 

Annexin V FITC/PI apoptosis detection (BD, Franklin Lakes, 

NJ, USA) according to the manufacturer’s instructions. The 

result was assessed by FACSCalibur flow cytometry (BD).

Luciferase reporter assay
Cells (5 ×	105 cells per well) were seeded in triplicate wells in 

6-well plates and allowed to settle for 12 hours. XRCC2 3′ UTR 

luciferase plasmid (100 ng) or control luciferase  plasmid 

(100 ng) plus 10 ng pRL-TK Renilla plasmid  (Promega) were 

transfected into CRC cells using  Lipofectamine® 2000 (Life 

Technologies). Culture medium was replaced after 6 hours. 

Cells were harvested 48 hours after transfection, and luciferase 

activity was measured using a Dual-Luciferase Reporter Assay 

Kit (Promega) according to the manufacturer’s  protocol. Three 

independent  experiments were performed and the data are 

presented as the mean ± standard deviation.

Statistical analysis
The Student’s t-test was used to evaluate signif icant 

 differences between two groups of data in all relevant 

experiments. All results are presented as means ± standard 

deviation; P,0.05 (two-tailed paired t-test) was considered 

 statistically significant.

Results
miR-7 was downregulated in CRC  
cell lines and clinical tissues
Real-time PCR showed that miR-7 was markedly downregu-

lated in all five CRC cell lines compared with expression in 

normal colonic mucosa epithelial cells. (Figure 1A). miR-7 

expression was examined in eight CRC tumors and in the 

matched adjacent noncancerous tissues from the same patient 

using real-time PCR. miR-7 was significantly downregulated 

in tumors compared with normal tissues (Figure 1B).

miR-7 overexpression inhibited  
proliferation and induced  
apoptosis in CRC cells
To investigate whether miR-7 plays a role in the development 

and progression of CRC, we transfected SW480 cells with 

miR-7 mimic, miR-7 inhibitor, and NC RNA and examined 

the effect of miR-7 overexpression on CRC cell proliferation 

by MTT assay and colony formation assay. MiR-7 upregu-

lation significantly decreased the growth rate of SW480 

cells following 48-hour transduction with miR-7 mimic 

compared with miR-7 inhibitor (Figure 2A and C). The rate 

of apoptosis in SW480 cells transfected with miR-7 mimic 

was significantly higher that than in NC or miR-7 inhibitor 

transfected cells (Figure 2B). As expected, miR-7 overexpres-

sion increased p21 expression while significantly decreasing 
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Figure 1 miR-7 is downregulated in CRC cell lines and tissues.
Notes: (A) Real-time PCR analysis of miR-7 expression in SW620, SW480, LoVo, RKO, LS174T, and normal colonic mucosa epithelial cells. Transcript levels were 
normalized to U6 expression. (B) Real-time PCR analysis of miR-7 expression in T with matched ANT from eight patients. The values of each column are ratios of miR-7 
expression in T and the matched ANT (value = T/ANT). Transcript levels were normalized to U6 expression. Bar represents the mean ± standard deviation of three 
independent experiments. *P,0.05.
Abbreviations: ANT, adjacent nontumor tissues; miR-7, micro-ribonucleic acid-7; PCR, polymerase chain reaction; T, primary colorectal cancer tissues; CRC, colorectal 
cancer.
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Figure 2 Upregulation of miR-7 inhibits CRC cell proliferation.
Notes: (A) MTT assay revealing that miR-7 upregulation suppresses SW480 cell growth. Cells (2 ×	103) were seeded into 96-well plates and stained at day 0, 1, 2, 3, 4 with 
MTT. (B) Apoptosis assay of SW480 cells transfected with NC, miR-7 mimic, or miR-7 inhibitor. (C) Representative micrographs (left) and quantification (right) of crystal-
violet-stained cell colonies. Cells (0.5 ×	103) were plated into 6-well plates, cultured for 10 days, then stained with 1.0% crystal violet. Bars represent the mean ± standard 
deviation of three independent experiments. *P,0.05.
Abbreviations: CRC, colorectal cancer; miR-7, micro-ribonucleic acid-7; NC, negative control; miR-7-in, micro-ribonucleic acid-7 inhibitor; NC-in, negative control 
inhibitor; MTT, methylthiazol tetrazolium.

cyclin D1 expression (Figure 3A), and significantly increased 

caspase-3 and BAX expression while decreasing Bcl-xL 

expression (Figure 3B). The real-time PCR analysis results 

were consistent with those of the western blotting assays 

(Figure 3C). These findings indicate that miR-7 may play 

an important role in the proliferation and apoptosis of CRC 

cells.

MiR-7 targeted XRCC2  
in CRC cells directly
We used the prediction programs TargetScan, PicTar, and 

miRanda to analyze the potential interaction between miR-7 

and XRCC2, which is a potential target of miR-7 and a 

key member of the HRR pathway (Figure 4A). To examine 

whether XRCC2 is a direct target of miR-7, the human 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2014:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

329

miR-7 inhibits colorectal cancer cell proliferation

XRCC2 wild-type 3′ UTR containing the miR-7-binding 

site and mutated XRCC2 3′ UTR sequence were cloned 

into modified pGL-3 luciferase reporter vectors, which were 

cotransfected into SW480 cells with NC, miR-7 mimic, or 

miR-7 inhibitor. miR-7 overexpression reduced the luciferase 

reporter activity of the XRCC2 3′ UTR in a consistent and 

dose-dependent manner; inhibition of miR-7 had the opposite 

effect. However, XRCC2 3′ UTR luciferase reporter  activity 

was unaffected by point mutations in the miR-7-binding 

seed region (Figure 4B). Collectively, these data suggest that 
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miR-7 may inhibit post-transcriptional XRCC2 expression by 

targeting its 3′ UTR. These results demonstrate that XRCC2 

is a bona fide target of miR-7. As predicted, western blotting 

revealed that XRCC2 expression was decreased in SW480 

cells transfected with miR-7 mimic and was increased in cells 

transfected with miR-7 inhibitor (Figure 4C).

XRCC2 repressed the function  
of miR-7 in SW480 cells
miR-7 was downregulated in CRC cell lines and clinical 

tissues (Figure 1), while the expression of XRCC2 in tumor 

tissue was significantly higher than the matched adjacent non-

cancerous tissues (Figure 5A). Meanwhile, the results of the 

western blotting showed that XRCC2 expression in SW480 

cells transfected with the miR-7 inhibitor and XRCC2-siRNA 

were significantly lower than in the cells transfected with 

miR-7 inhibitor alone (Figure 5B). SW480 cells transfected 

with a miR-7 inhibitor were more viable than controls 

 (Figure 2C). However, those transfected with both the miR-7 

inhibitor and XRCC2-siRNA had significantly decreased 

growth rates compared to treatment with the miR-7 inhibitor 

alone (Figure 5C). These findings suggested that XRCC2 may 

repress the inhibitory effects of miR-7 on proliferation.

Discussion
miR-7 has been characterized as a tumor suppressor in 

several human cancers that targets epidermal growth factor 

receptor, p21-activated kinase 1, and other genes.24 Liu et al 

demonstrated that miR-7 suppressed cell growth and induced 

apoptosis in cervical cancer cells.25 miR-7 downregulation 

was reported to be associated with epithelial-to-mesenchymal 

transition and metastasis in breast cancer.26 Kong et al found 

that miR-7 expression was significantly decreased in gastric 

tumors and that miR-7 downregulation was related to the 

severity of inflammatory response.27 Xiong et al observed 

miR-7 reduction in non-small cell lung cancer cell lines, 

finding that miR-7 overexpression induced non-small cell 

lung cancer cell apoptosis and suppressed cell proliferation, 

migration, and tumorigenicity by targeting Bcl-2.28  Skalsky 

and Cullen, and Kefas et al reported that miR-7 expression 

was downregulated in glioblastoma, potently suppressing 

 epidermal growth factor receptor expression and indepen-

dently inhibiting the protein kinase B pathway by targeting 

upstream regulators.29,30 These data are consistent with our 

findings that miR-7 acts as a tumor suppressor.  However, 

a study reported that miR-7 was upregulated in renal can-

cer cells compared with normal tissues and that miR-7 

 downregulation inhibited cell proliferation and induced 

apoptosis, suggesting that miR-7 could be characterized as 

an oncogene in renal cancer cells.31

Bioinformatics analysis predicted that XRCC2 was a 

potential direct target of miR-7. We deduced that miR-7 

may function by interacting with the XRCC2 gene. To  

validate this hypothesis experimentally, we searched for 
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a correlation between miR-7 and XRCC2 expression 

levels. We demonstrated that XRCC2 is a bona fide miR-7-

 targeted gene. Furthermore, these results showed that 

miR-7 was  downregulated in CRC cell lines and clinical 

tissue samples, while the expression of XRCC2 in tumor 

tissue was  significantly higher than in the matched adja-

cent noncancerous tissues. Moreover, we determined that 

XRCC2 may repress the inhibitory effects of miR-7 on cell 

 proliferation. However, the function of XRCC2 in the ability 

of miR-7 to induce apoptosis was not studied. Furthermore, 

how the level of XRCC2 affects the expression of miR-7, 

and whether miR-7 functions through interactions with the 

XRCC2-dependent HRR signaling pathway, remains unclear. 

Multiple signaling pathways are thought to make important 

contributions to CRC progression. Further studies are neces-

sary to clarify these complex mechanisms, and much remains 

to be done before miR-7 can be used for downregulating 

XRCC2 in CRC patients.

CRC is a highly malignant tumor that leads to more than 

600,000 deaths worldwide each year.3 In the present study, 

miR-7 expression was markedly downregulated in CRC cells 

and clinical tissues compared with adjacent noncancerous 

tissues from the same patient. Furthermore, we demonstrated 

that miR-7 overexpression in CRC cells targeted XRCC2 to 

inhibit cell proliferation, while miR-7 downregulation had 

the opposite effect. Although the precise mechanisms are 

not fully understood, these findings nevertheless suggest 

that miR-7 may play an important role in the proliferation 

of CRC.

In conclusion, we found that miR-7 can reduce cyclin D1 

expression and increase p21, caspase-3, and BAX  expression, 

which subsequently inhibits CRC cell proliferation and 

induces apoptosis by targeting the 3′ UTR of XRCC2. Our 

findings suggest that miR-7 may play an important role in 

the development and progression of CRC. Further explo-

ration of the molecular link between miR-7 and XRCC2 

will advance our understanding of the intricate molecular 

regulation of CRC cells and may provide new targets for 

anticancer treatment.
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