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miR-522-3p is known to degrade bloom syndrome protein (BLM) and enhance expression of other proto-on-
cogenes, leading to tumorigenesis. This study aimed to investigate the molecular mechanisms of miR-522-3p 
in human colorectal cancer (CRC) cells. Expressions of miR-522-3p in CRC and adjacent tissues, as well as 
in normal human colon epithelial cell line (FHC) and five CRC cell lines, were detected. Human CRC cell 
lines, HCT-116 and HT29, were transfected with miR-522-3p mimic, inhibitor, or scrambled controls. Then 
cell viability, apoptosis, cell cycle progression, and the expressions of c-myc, cyclin E, CDK2, and BLM were 
assessed. It was found that miR-522-3p was highly expressed in CRC tissues when compared to adjacent non-
tumor tissues and was highly expressed in CRC cell lines when compared to FHC cells. miR-522-3p overex-
pression promoted cell viability, reduced apoptotic cell rate, arrested more cells in the S phase, and upregulated 
c-myc, cyclin E, and CDK2 expression. BLM was a target gene of miR-522-3p, and miR-522-3p suppression 
did not exert antiproliferative and proapoptotic activities when BLM was silenced. These findings demonstrate 
that miR-522-3p upregulation negatively regulates the expression of BLM, with upregulation of c-myc, CDK2, 
and cyclin E, and thereby promoting the proliferation of human CRC cells.

Key words: MicroRNAs; Colorectal neoplasms; Bloom syndrome

INTRODUCTION

Globally, colorectal cancer (CRC) is the third most 
commonly observed malignancy, which accounts for 
approximately 8% of all cancer-related deaths. Although 
CRC is common in Western countries, the past decade has 
witnessed a significant increase in the disease frequency 
in a number of Asia Pacific countries, which include China, 
Japan, Korea, and Singapore.

MicroRNAs (miRNAs) are a class of small noncoding 
RNAs, 20–22 nucleotides in length, and play an impor-
tant role in regulating the gene expression by directly 
binding to the 3¢-untranslated region (3¢-UTR) of target 
mRNAs1. It has been observed in a number of studies that 
miRNAs are one of the pivotal factors in many biologi-
cal processes, such as cell differentiation, cell prolifera-
tion, apoptosis, and energy metabolism2. Moreover, recent  
studies have revealed that miRNAs play a dual role in oncol-
ogy either by enhancing carcinogenesis through inhibit-
ing tumor suppressors or by acting as tumor suppressors 
to downregulate the oncogenes. miRNAs have recently 

caught the attention of scientists worldwide in studying 
their correlation in CRC, where their expression is repro-
ducibly altered and their expression patterns are associ-
ated with diagnosis, prognosis, and therapeutic outcomes 
in CRC3. miR-522 is a member of the chromosome 19 
miRNA cluster (C19MC), a 100-kb, primate-restricted 
region that encodes 54 tandem miRNAs; this cluster is the 
largest miRNA cluster in the human genome4. miR-522 is 
reportedly upregulated in hepatocellular carcinoma, non-
small cell lung cancer, and glioblastoma, and may con-
tribute to the development of these tumors4–7. However, 
little is known about the role of miR-522-3p in CRC.

Bloom syndrome protein (BLM) is a protein that is 
encoded by the BLM gene in humans. It is related to the 
RecQ subset of DExH box-containing DNA helicases and 
has both DNA-stimulated ATPase and ATP-dependent 
DNA helicase activities. Normal BLM protein is known 
to suppress inappropriate homologous recombination. It 
has been observed in a number of studies that tumors are 
associated with the overexpression of c-myc and the loss 
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of BLM protein8. As discussed above, miRNAs play an 
important role in regulating gene expression by target-
ing and binding to the 3¢-UTR of target mRNAs, where a 
number of miRNAs (e.g., miR-3129, miR-522, miR-527, 
miR-516, miR-518) are known to target BLM gene and 
modulate its expression9.

The present study investigated the functional impacts 
and the molecular mechanisms of miR-522-3p on CRC 
cell growth.

MATERIALS AND METHODS

Human CRC Specimens

Fifteen paired CRC and matched adjacent nontumor 
tissues (5 cm away from the tumor tissues) were collected 
from CRC patients undergoing surgery between August 
2014 and April 2016 in the Department of Gastrointestinal 
Surgery, Linyi People’s Hospital of China. Of the patients 
recruited, nine were men and six were women, ranging 
from 42 to 67 years old. TNM classification was based 
on the tumor pathology after surgery. None of the patients 
received chemotherapy or radiation therapy before sur-
gery. Tumor tissues and the paired adjacent nontumor 
tissues were collected, and, after twice washing with ice-
cold phosphate-buffered saline (PBS), tissues samples 
were placed in liquid nitrogen until RNA extraction. 
This study was approved by the Ethics Committee of the 
Linyi People’s Hospital and was performed in accordance 
with the ethical standards. Written informed consent was 
obtained from each patient before tissue collection.

Cell Culture

Normal human colon epithelial cell line (FHC) and five 
human CRC cell lines (HCT-116, HT29, LoVo, SW480, 
and SW620) were purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). FHC 
cells were cultured in DMEM/F12 medium (ATCC) con-
taining 25 mM HEPES, 10 ng/ml cholera toxin, 5 µg/ml  
insulin and transferrin, and 100 ng/ml hydrocortisone. 
LoVo cells, HCT-116 and HT29 cells, and SW480 and 
SW620 cells were grown in F-12K medium, McCoy’s 
5a medium modified, and Leibovitz’s L-15 medium (all 
ATCC), respectively. All of the media were supplemented 
with 10% fetal bovine serum (FBS; Gibco, Grand Island, 
NY, USA). Cells were maintained at 37°C in a humidified 
incubator under 5% CO2 condition10.

Cell Transfection

For miRNA transfection, synthetic miR-522-3p mimic,  
inhibitor, and their scrambled negative control RNAs 
(mimic NC and inhibitor NC), purchased from Gene 
Pharma (Shanghai, P.R. China), were transfected into cells.  
The sequences for miR-522-3p mimics were CUCUA 
GAGGGAAGCGCUUUCUG (sense) and GAAAGCG 
CUUCCCUCUAGAGUU (antisense). The sequence for 

miR-522-3p inhibitor was CAGAAAGCGCUUCCC 
UCUAGAG. For suppressing BLM expression, BLM-
specific targeted small interfering RNA (si-BLM; AGCA 
GCGAUGUGAUUUGCA) purchased from GenePharma  
was transfected into cells. Nontargeted sequence (si-NC) 
served as negative control of si-BLM. Cells were seeded in 
six-well plates and were transfected using Lipofectamine 
2000 (Invitrogen, Grand Island, NY, USA) on the follow-
ing day when the cells reached approximately 70% con-
fluence. In each well, 100 pmol of miRNAs or 50 pmol 
of si-BLM (si-NC) was added. At 48-h posttransfection, 
cells were collected for use in the following experiments. 
The efficiency of transfection was evaluated using quan-
titative real-time polymerase chain reaction (qRT-PCR).

MTT Assay

After cell transfection, HCT-116 and HT29 cells were 
collected and seeded in 96-well plates with a density of 
5 ́  103 cells/well. The plates were incubated at 37°C for 
1–5 days; 10 µl of MTT (5 mg/ml; Sigma-Aldrich, St. 
Louis, MO, USA) was added to each well, and this mix 
was incubated for 4 h at 37°C. At the end of incubation, 
100 µl of 0.04 N HCl in 2-propanol was mixed thoroughly 
into each well. Plates were read using a microplate reader 
(Molecular Devices, Sunnyvale, CA, USA) at a wave-
length of 570 nm, with a background reading at 650 nm 
subtracted. Triplicate readings for each sample were 
averaged11.

Western Blot Analysis

The cells were washed two times with PBS and then 
lysed with 1´ SDS loading buffer (50 mM Tris-Cl, pH 
6.8, 100 mM DTT, 2% SDS, 10% glycerol, and 0.1% 
bromophenol blue) as the whole-cell sample. The protein 
samples were subjected to SDS-PAGE. Immunoblottings 
were carried out with primary antibodies: anti-BLM, anti-
c-myc, anti-cyclin E, anti-CDK2, anti-tubulin (all from 
Santa Cruz Biotechnology, Santa Cruz, CA, USA). The 
proteins were detected by enhanced chemiluminescence 
(ECL-plus; Amersham Pharmacia Biotech, Piscataway, 
NJ, USA)12. Densitometric measurements of the bands in 
the Western blot analysis were performed using ImageJ 
1.49 (National Institutes of Health, Bethesda, MD, USA), 
and protein levels were normalized to tubulin.

Luciferase Reporter Assay

The fragment from BLM 3¢-UTR containing the pre-
dicted miR-522-3p binding site was amplified by PCR 
and then cloned into a pmirGLO Dual-Luciferase miRNA 
Target Expression Vector (Promega, Madison, WI, USA) 
to form the reporter vector BLM-wild-type (BLM-wt). 
The sequence of putative binding site in the BLM-wt was 
mutated, and the resultant plasmid was named as BLM-
mutated-type (BLM-mt). HCT-116 cells were cotransfected  
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with miR-522-3p mimics or mimic NC, BLM-wt or  
BLM-mt, and the control vector containing Renilla lucif-
erase. Transfection was performed using Lipofectamine 
2000 (Invitrogen). At 48 h posttransfection, the luciferase 
activity was measured using a Dual-Luciferase Reporter 
Assay System (Promega).

Cell Cycle Assay

Cell cycle distribution was detected using the propi-
dium iodide (PI) staining method and flow cytometric  
analysis. In brief, 1 ́  105 miR-transfected cells were 
collected and suspended in ice-cold 70% ethanol. The  
cell suspension was kept at 4°C overnight, and then cells 
were collected and resuspended in 50 µg/ml PI (BD 
Biosciences, San Jose, CA, USA), 50 µg/ml RNase A 
(Solarbio, Beijing, P.R. China), and 0.1% Triton X-100 
(Sigma-Aldrich) for 20 min at 37°C in the dark. In total, 
3,000 cells were analyzed using a BD FACSCalibur  
flow cytometer (BD Biosciences). Proportions of the 
cells in the G0/G1, S, and G2/M phases were analyzed  
by the ModFit software (Verity Software House, Top-
sham, ME, USA).

Apoptosis Assay by FITC-Annexin V/PI Staining

Cell apoptosis was measured by FITC-Annexin V 
and PI double staining and flow cytometric analysis. The 
FITC-Annexin-V/PI detection kit from Beijing Biosea 
Biotechnology Co., Ltd. (Beijing, P.R. China) was uti-
lized. Briefly, 1 ́  105 miR-transfected cells were collected 
and suspended in 200 µl of binding buffer containing  
10 µl of FITC-annexin V and 5 µl of PI. After 30 min 
of incubation at room temperature in the dark, a sample  
of 300 µl of PBS was added, and cells were analyzed  
using a BD FACSCalibur flow cytometer (BD Bio-
sciences). Data were analyzed using the FlowJo 10.0.7 
software (Treestar Inc., San Carlos, CA, USA)13.

RNA Extraction and Quantitative Real-Time  
PCR (qRT-PCR) Analysis

Total RNA in cell and tissue samples was extracted 
with TRIzol reagent (Invitrogen). RNA (500 ng) was 
polyadenylated and reversely transcribed to cDNA using  
an NCode miRNA First-Strand cDNA Synthesis Kit 
(Invitrogen). cDNA was used as the template for RT- 
PCR using FastStart Universal SYBR Green Master 
(Roche, Nutley, NJ, USA) with the universal reverse 
primers provided in the kit. Real-time PCR was performed 
on an Applied Biosystems real-time detection system 
(Applied Biosystems), and the thermocycling parameters  
were 95°C for 3 min and 40 cycles of 95°C for 15 s  
followed by 60°C for 30 s. Each sample was run in trip-
licate and was normalized to U6 snRNA levels [U6 prim-
ers 5¢-CTTCGGCAGCACATATACT-3¢ (forward) and 
5¢-AAAATATGGAACGCTTCACG-3¢ (reverse)]. The 

primer sequences for miR-522-3p were 5¢-GGGCTCTA 
GAGGGAAGCGC-3¢ (forward) and 5¢-CAGTGCGTGT 
CGTGGAGT-3¢ (reverse). Melting curve analysis was 
performed to confirm the specificity of the PCR products. 
The replicates were then averaged, and fold induction was 
determined by a DDCT-based fold change calculation14.

Statistical Analysis

All experiments were repeated three times. The results 
of the multiple experiments were presented as mean ±  
SD. Statistical analyses were performed using SPSS 
19.0 statistical software (SPSS Inc., Chicago, IL, USA). 
Significant differences between two groups were ana-
lyzed by Student’s t-test, and differences between three 
or more groups were analyzed by one-way analysis of 
variance (ANOVA). A value of p < 0.05 was considered 
to be statistically significant.

RESULTS

miR-522-3p Expression in Human CRC  
Tissues and Cell Lines

The expression levels of miR-522-3p in 15 paired 
CRC tissues and matched adjacent nontumor tissues 
were measured by qRT-PCR. As shown in Figure 1A, 
the expression levels of miR-522-3p in the CRC tissues 
were higher than in adjacent nontumor tissues ( p < 0.01). 
The expression levels of miR-522-3p in the normal 
human colon epithelial cell line (FHC) and five human 
CRC cell lines (LoVo, HCT-116, HT29, SW480, and 
SW620) were also measured by qRT-PCR. As shown 
in Figure 1B, expression levels of miR-522-3p in CRC 
cell lines were much higher than in FHC cells ( p < 0.05, 
p < 0.01, or p < 0.001). These data indicated that miR-
522-3p might be of importance in CRC. Because the HCT- 
116 and HT29 cell lines possessed remarkably highly 
expressed miR-522-3p levels, these two cell lines were 
selected for use in the following investigations.

miR-522-3p Expression and Human CRC Cell Growth

To explore the functional impacts of miR-522-3p 
in the occurrence and development of CRC, expres-
sion of miR-522-3p in HCT-116 and HT29 cells was 
altered by transfection with miR-522-3p mimic/inhibitor. 
Transfection efficiency was verified by qRT-PCR, and 
results are shown in Figure 2A. miR-522-3p was sig-
nificantly overexpressed in cells transfected with miR-
522-3p mimic compared with mimic NC-transfected 
cells ( p < 0.01) and was significantly knocked down by 
transfection with miR-522-3p inhibitor compared with 
inhibitor NC-transfected cells ( p < 0.05), indicating miR-
522-3p in cells was successfully up- and downregulated. 
MTT assays showed that miR-522-3p overexpres-
sion significantly increased cell viability at day 4 and  
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Figure 1. miR-522-3p was highly expressed in human colorectal cancer (CRC) tissues and cell lines. (A) Expression of miR-522-3p 
in 15 paired CRC tissues and matched adjacent nontumor tissues was measured by quantitative real-time polymerase chain reaction 
(qRT-PCR). (B) Expression of miR-522-3p in normal human colon epithelial cell line (FHC) and five human CRC cell lines (LoVo, 
HCT-116, HT29, SW480, and SW620) was measured by qRT-PCR. *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 2. miR-522-3p overexpression promoted cell proliferation and repressed cell apoptosis in human CRC cells. miR-522-3p 
mimic, inhibitor, or negative controls (mimic NC and inhibitor NC) was transfected into two human CRC cell lines (HCT-116 and 
HT29). (A) The expression changes of miR-522-3p were detected by qRT-PCR (*p < 0.05, **p < 0.01). (B) Cell viability was detected 
by MTT assay (*p < 0.05, ***p < 0.001, compared with the mimic NC group; #p < 0.05, ##p < 0.01, ###p < 0.001, compared with the 
inhibitor NC group). (C) The rate of apoptotic cells (*p < 0.05) and (D) cell cycle distribution were measured by flow cytometry detec-
tion (**p < 0.01, compared with the mimic NC group; #p < 0.05, compared with the inhibitor NC group).
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day 5 posttransfection ( p < 0.05 or p < 0.001), whereas 
miR-522-3p suppression reduced cell viability at the 
same time points ( p < 0.05, p < 0.01, or p < 0.001) (Fig. 
2B). miR-522-3p overexpression significantly decreased 
apo ptotic cell rate ( p < 0.05), and miR-522-3p suppres-
sion increased apoptotic cell rate ( p < 0.05) (Fig. 2C). As 
shown in Figure 2D, miR-522-3p overexpression arres-
ted more cells in the S phase ( p < 0.01), and miR-522-3p 
suppression led to the decrease of the S phase ratio  
( p < 0.05).

Regulatory Role of miR-522-3p in c-myc, CDK2, 
and Cyclin E Expressions

We next focused on the regulatory role of miR-522-3p 
in c-myc, CDK2, and cyclin E expression to explore 
whether miR-522-3p exerted pro-growth functions via 
modulation of these proteins. Western blot analytical 
results showed that c-myc, cyclin E, and CDK2 were all 
upregulated in miR-522-3p-overexpressing cells ( p < 0.01 

or p < 0.001), whereas they were downregulated in  
miR-522-3p-suppressing cells ( p < 0.05) (Fig. 3A–D).

Regulatory Role of miR-522-3p in BLM Expression

miR-522-3p mimic, mimic NC, miR-522-3p inhibitor,  
or inhibitor NC was transfected into HCT-116 and HT29 
cells, and Western blot analysis was performed to deter-
mine the expression changes of BLM. miR-522-3p over-
expression significantly downregulated the expressions of 
BLM ( p < 0.05 or p < 0.01), whereas miR-522-3p suppres-
sion significantly upregulated the expressions of BLM 
( p < 0.01 or p < 0.001) (Fig. 4A and B). We then screened 
in the TargetScan database and found that miR-522-3p 
was predicted to target the 3¢-UTR seed sequences of 
BLM (Fig. 4C). Through cotransfection of miR-522-3p 
mimic with the BLM-wt or BLM-mt, we found that 
the luciferase activity was significantly reduced in the 
BLM-wt group ( p < 0.05) but not in the mutant group 
( p > 0.05) (Fig. 4D). These data indicated that BLM was 

Figure 3. miR-522-3p overexpression upregulated the expression of c-myc, cyclin E, and CDK2. miR-522-3p mimic, inhibitor, or 
negative control (mimic NC and inhibitor NC) was transfected into two human CRC cell lines (HCT-116 and HT29). (A) Protein 
expression of c-myc, cyclin E, and CDK2 in miR-transfected cells was assessed by Western blot analysis. Quantitative analysis of 
c-myc (B), cyclin E (C), and CDK2 (D) based on the results from Western blotting. *p < 0.05, **p < 0.01, ***p < 0.001.
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a target gene of miR-522-3p, and BLM was negatively 
regulated by miR-522-3p.

BLM Expression and Human CRC Cell Growth

To evaluate the role of BLM in miR-522-3p-modulated 
CRC cells, we then cotransfected miR-522-3p inhibi-
tor and si-BLM into HCT-116 and HT29 cells. Results 
showed that BLM silencing exhibited the proproliferative 
and antiapoptotic functions on HCT-116 and HT29 cells, 
as cell viability was significantly increased ( p < 0.05, 
p < 0.01, or p < 0.001) (Fig. 5A) and apoptotic cell rate 
was reduced ( p < 0.05) (Fig. 5B) by transfection with 

si-BLM compared with the inhibitor NC + si-NC group. 
Of note, miR-522-3p suppression did not decrease cell 
viability and increase apoptosis when BLM was silenced. 
These data suggested that miR-522-3p affected CRC cell 
growth via targeting BLM.

DISCUSSION

Recent studies have validated the varied and pivotal 
roles played by a range of miRNAs in different types of 
cancers15–17. In the current study, we demonstrated that 
miR-522-3p was highly expressed in CRC tissues and 

Figure 4. Bloom syndrome protein (BLM) was a target gene of miR-522-3p. miR-522-3p mimic, inhibitor, or negative control (mimic 
NC and inhibitor NC) was transfected into two human CRC cell lines (HCT-116 and HT29). Protein expression of BLM in HCT-116 
cells (A) and HT29 cells (B) was assessed by Western blot analysis. (C) The predicted binding site in 3¢-untranslated region (3¢-UTR) 
of BLM, which can directly bind to miR-522-3p. (D) Luciferase reporter assay was performed to verify whether BLM was a target of 
miR-522-3p. ns, p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001.
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cell lines when compared to adjacent nontumor tissues 
and normal cell line, respectively. Overexpression of 
miR-522-3p enhanced cell viability, suppressed apopto-
sis, and arrested more cells in the S phase of HCT-116 
and HT29 cells. miR-522-3p overexpression upregulated 
the protein expression of c-myc, cyclin E, and CDK2. 
BLM was a target gene of miR-522-3p, and miR-522-3p 
suppression-induced decrease in viability of cells and 
increase in apoptotic cell rate were rescued by the addi-
tion of si-BLM.

miR-522 encodes 54 tandem miRNAs and is normally 
expressed in a variety of human tissues and deregulated 
in several types of tumors, including hepatocellular car-
cinoma, non-small cell lung cancer, and glioblastoma4–7. 
Furthermore, miR-522 was reported to exert tumor- 
promoting activities in these cancers. For instance, 
Zhang et al. demonstrated that miR-522 contributed to 
cell proliferation of hepatocellular carcinoma by target-
ing DKK1 and SFRP218. Another investigation reported 
that miR-522 downregulation suppressed proliferation 
and metastasis of non-small cell lung cancer cells by 
directly targeting DENN/MADD domain-containing 2D19. 
Herein we found that miR-522-3p was highly expressed 
in CRC tissues and cell lines, indicating the underlying  

importance of miR-522-3p overexpression in CRC 
prognosis. Functional investigations indicated that miR-
522-3p overexpression increased cell viability, reduced 
apoptosis, and increased the ratio of S phase cells, pro-
viding the first evidence that miR-522-3p exerted pro-
growth activity in CRC cells.

c-myc, a proto-oncogene, is a family member of myc. 
c-myc performs a pivotal function in growth control, dif-
ferentiation, and apoptosis by modulating the interactions 
of protein–protein and protein–DNA20. The c-myc gene 
was subsequently found to be activated in various animal 
and human tumors21,22. It is a central oncogenic switch 
for oncogenes and the tumor suppressor23. Cyclin E and 
CDK2 are two main factors taking part in the regulation 
of the cell cycle, and dysfunction of cyclin E and CDK2 
causes abnormal cell growth and, eventually, tumors24. 
As the key regulators in cell proliferation, cyclin E and 
CDK2 are essential for the G1/S transition by shorten-
ing the G0/G1 phase. In this study, we found that c-myc, 
cyclin E, and CDK2 were all upregulated in miR-522-3p-
overexpressing cells, whereas they were downregulated 
in miR-522-3p-suppressing cells. These data indicated 
that miR-522-3p might exert pro-growth activity in CRC 
cells via modulating c-myc, cyclin E, and CDK2.

Figure 5. miR-522-3p inhibition reduced cell viability and promoted cell apoptosis in human CRC cells via upregulation of BLM. 
HCT-116 and HT29 cells were transfected with miR-522-3p inhibitor or si-BLM, or cotransfected with miR-522-3p inhibitor plus 
si-BLM. Cells cotransfected with inhibitor NC and si-NC acted as control. (A) Cell viability was detected by MTT assay. (B) Cell 
apoptosis was measured by flow cytometry detection. ns, p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001. si-BLM, BLM-specific targeted 
small interfering RNA; si-NC, nontargeted sequence.
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Studies have hypothesized that BLM acts as a tumor 
suppressor by targeting the myc gene, which is a proto-
oncogenic and encodes c-myc25,26. Studies have also 
proposed a spectrum of tumors that are associated with 
overexpression of c-myc and loss of BLM function25,27. 
This was further validated in detail in a study by Chandra 
et al., which suggested that BLM indeed promoted the 
degradation of c-myc and subsequently caused a delay in 
c-myc-dependent initiation of tumors8. In this study, we 
found that BLM was a target gene of miR-522-3p, and 
miR-522-3p suppression could not suppress cell viabil-
ity and promote apoptosis when BLM was silenced. Our 
data indicated that miR-522-3p might exert pro-growth 
activities in CRC cells via targeting BLM. However, the 
regulatory impacts of BLM on the expression of c-myc 
need to be revealed in further investigations.

In conclusion, this study demonstrates that miR-522-3p  
upregulation promotes proliferation and suppresses apo-
ptosis of human CRC cells through negatively regulat-
ing the expression of BLM, along with upregulation of 
c-myc, CDK2, and cyclin E.
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