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miR-506 suppresses cervical cancer cell proliferation both in vitro and in vivo 
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Cervical cancer (CC) is one of the most common gynecological malignancies in women worldwide. Recently, increasing 
evidence indicates aberrant expression of miR-506, which was reported to be associated with a variety of tumors. The aim 
of this study was to evaluate the potential role of miR-506 in CC and to verify its effect on the regulation of ABCC4. The 
expression of miR-506 in cervical cancer tissues, HeLa and C33A cell lines was examined using quantitative Real-time PCR. 
MTT assay and animals studies were used to examine the effects of miR-506 on cervical cancer proliferation. Luciferase 
reporter and western blot were used to confirm that miR-506 could regulate ABCC4. We found that miR-506 was signifi-
cantly downregulated in human CC cell lines (HeLa and C33A) and clinical CC specimens as compared to matched cell 
lines and adjacent normal tissues, while the expression level of ABCC4 was higher in tumor tissues than in the adjacent 
normal tissues. We also revealed that up-regulated expression of miR-506 could inhibit CC cells proliferation both in vitro 
and in vivo. Moreover, ABCC4 was identified as a direct target of miR-506 and the inverse relationship between them was 
also observed. In summary, our findings suggest that miR-506 has an important role in suppressing CC cell proliferation 
and suppresses the expression of ABCC4 by directly targeting its 3’-UTR. miR-506 may represent a novel therapeutic target 
of microRNA-mediated suppression of cell proliferation in CC, but the role of the miR-506/ABCC4 axis in CC progression 
needs further study. 
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Cervical cancer (CC) is the second most frequent gyneco-
logical malignancy in women around the world [1], and 
almost 90% of CC-related deaths occur in developing scale of 
the world [2]. Human papillomavirus (HPV) infection is one 
of the most important risk factors in CC development and is 
detected in about 99% of cervical tumors [3]. However, some 
studies have revealed that HPV infection is not sufficient to 
develop CC alone [4], other risk factors, such as heterosexual 
women, women with multiple sexual partners, lower social 
class, immunosuppression, smoking, and non-attendance 
screening program, should be pivotal in the progression of 
CC simultaneously. Although many advanced protocols 
including operation, chemotherapy and radiotherapy have 
been made in the treatment of CC, the long-term outcomes 
of clinical therapy remain unsatisfactory [5]. Nevertheless, 
with the intensive studies on the molecular mechanism of 
progression and carcinogenesis of CC that began to accumu-
late, various new molecules which are likely to be the targets 
of CC were identified [6]. Therefore, it is urgent to find the 
underlying molecular mechanisms of CC and identify the 
promising therapeutic targets to improve treatment strategies.

MicroRNAs (miRNAs) are a subset of small, highly 
conserved, and non-coding RNAs with a size of 21–24 
nucleotides that bind to the 3’-untranslated region (3’-UTR) 
of target messenger RNAs (mRNAs) to induce translational 
degradation or repression [7]. Increasing evidence has 
manifested that miRNAs play a critical role in regulating 
cancer progression and are involved in cancer cell death, 
differentiation, proliferation, metastasis, and apoptosis 
[8–10]. In the recent decades, many studies have shown that 
the expression of various miRNAs was found to be dysregu-
lated in CC [11–13]. MiR-506 was identified as a member 
of the miR-506-514 cluster, which includes seven distinct 
miRNAs: miR-506, -507, -508, -509, -510, -513 and miR-514 
[14, 15]. Besides, its abnormal expression was detected to 
be associated with multiple benign diseases and malignant 
carcinomas [16–20]. Wen et al reported that miR-506 exerted 
its anti-proliferative function by directly targeting Gli3 in 
human CC [21]. However, the specific functional molec-
ular mechanisms of miR-506 in CC are still elusive, and the 
potential of miR-506 as a therapeutic target of CC remains to 
be evaluated.
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ATP-binding cassette sub-family C member 4 (ABCC4), 
also named multidrug resistance protein 4 (MRP4), belongs 
to the ATP binding cassette family of membrane trans-
porters subfamily C (ABCC) and mediates ATP-dependent 
transport of various organic anions, including sulfated 
steroids, cyclic nucleotides, reduced folates and glucuroni-
dated [22, 23]. Based on its high variability in function and 
expression, ABCC4 relates to the onset and prognosis of 
several malignant diseases, and Deanna L. Kroetz et al has 
reported that ABCC4 was directly regulated by miR-506 in 
human kidney [24].

In this study, we demonstrate that miR-506 is frequently 
downregulated and significantly correlates with aggressive 
clinicopathological characteristics in CC. The re-expression 
of miR-506 in CC cells remarkably suppressed cell prolifera-
tion in vitro and in vivo. Furthermore, we identified ABCC4 
as a direct and functional target of miR-506. The newly 
identified miR-506/ABCC4 axis partially elucidates the 
molecular mechanism of CC proliferation and represents a 
novel potential therapeutic target for CC treatment.

Materials and methods

Tissue specimens. Fifty paired cases of the CC and the 
normal squamous epithelial tissues were collected at Depart-
ment of Obstetrics and Gynecology, Beijing Chaoyang 
Hospital (Beijing, China), from 2014 to 2016. The average 
age of the fifty patients was 40 years (range 18–69). All tissues 
obtained from biopsy or surgery were frozen immediately in 
liquid nitrogen and stored at –80 °C until RNA extraction. 
Neither radiotherapy nor chemotherapy therapy was used 
in any patients before surgery. Histopathological diagnoses 
were based on the WHO classification and clinical stages 
classification was following the International Federation of 
Gynecology and Obstetrics criteria (FIGO). The character-
istics of patients with CC are described in Table 1. Informed 
consent was obtained from all patients. Collection and exper-
imentation of human tissues were approved by the Ethics 
Committee of Beijing Chaoyang Hospital in accordance with 
the Declaration of Helsinki.

Cell culture. Primary normal cervical squamous cells 
(NCSC) and two human CC cell lines (HeLa and C33A) 
obtained from Shanghai Institute of Cell Biology (Shanghai, 
China) were maintained in RPMI 1640 medium (Gibco, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (FBS, Sigma) at 37 °C in an atmosphere consisting of 
5% CO2. 

RNA isolation and quantitative real-time PCR 
(qRT-PCR). Total RNA was isolated and purified using a RNA 
simple Total RNA Extraction Kit (TIANGEN, Beijing, China) 
according to the manufacturer’s instructions. To perform the 
quantitative detection of miR-506 or mRNA expression, first 
strand cDNA was reverse-transcribed and then qRT-PCR 
was carried out using a SYBR Prime Script miRNA RT-PCR 
kit (Takara, Otsu, Japan) according to the manufacturer’s 

protocol. Glyceraldehyde-3-phosphate or dehydrogenase 
(GAPDH) or U6 small nuclear RNA (HAPK Biotechnology, 
Shenzhen, China) was used as an internal control. The 2–ΔΔCt 

method was applied to quantify the relative expression levels 
of miRNA or mRNA. All the qRT-PCRs were run in tripli-
cate. All primers were designed and synthesized by RiboBio 
(Guangzhou, China). The primers used were as followed: 
miR-506 forward, 5’-TAAGGCACCCTTCTGAGTAGA-3’, 
reverse, and 5’-GCGAGCACAGAATTAATACGAC-3’; 
U6 forward, 5’-AGAGCCTGTGGTGTCCG-3’, and 
reverse, 5’-CATCTTCAAAGCACTTCCCT-3’. ABCC4 
forward 5’-GGCAGTGACGCTGTATGG-3’, and reverse, 
5’-CGCCAGGTCTGACAGTAAAG-3’. GAPDH forward, 
5’-GACTCATGACCACAGTCCATGC-3’, and reverse, 
5’-AGAGGCAGGGATGATGTTCTG-3’. The synthesis of 
first cDNA and qRT-PCR were performed as previously 
described [25]. Briefly, the reference sequence for Homo 
sapiens miR-506 (NR_030233.1) was obtained from Pubmed 
Genbank. The sequences of forward and reverse primers 
were analyzed in OligoCalc web-based software to check 
for self-complementarity and hairpin formation of primers. 
Optimized PCR conditions were obtained by performing 
reactions in different concentrations of MgCl2 and a 
spectrum of annealing temperatures. PCR cycling condi-
tions were as follows: an initial denaturation step at 95 °C for 
10 min, followed by 40 cycles of denaturing at 95 °C for 10 
sec, annealing and synthesis at 60 °C for 60 sec. The relative 
expression levels were calculated by comparing Cq values of 
the samples with those of the reference (2–∆∆Cq), and all data 
were normalized to the internal control GAPDH [26].

Plasmid constructs. The miR-506 mimics, miR-506 
inhibitor, and miR-506 negative-control were synthesized 
and purified by RiboBio (Guangzhou, Guangdong, China); 
siABCC4 and anti-siABCC4 were purchased from RiboBio, 
as illustrated in Table 2. For the construction of the lentivirus 
vector expressing miR-506, the oligonucleotides were cloned 
into the pGreenPuro vector (System Biosciences, Mountain 
View, CA, USA) and the empty vector was used as the control 
[27]. The pGreenPuro vector containing two restriction 
enzymes cutting sites was linearized by restriction digest with 
BamHI and EcoRI. Then, the oligonucleotides were cloned 
into the linearized vector, and the identification of clones 
was performed subsequently. For screening of miR-506 
insertion, the H1 PCR primers were designed: forward, 
5’-AATGTCTTTGGATTTGGGAATCTTAT-3’; reverse, 
5’-TGGTCTAACCAGAGAGACCCAGTA-3’. All the steps 
of plasmid construction were based on the user manual and 
previous studies [28, 29]. The lentiviruses were produced, and 
their titers were determined by Lenti-Pac™ HIV kit (GeneCo-
poeia). Then, cultured cells were transduced according to the 
previously described methods [30]. To construct the ABCC4 
expression plasmids, the full-length construct with wild-type 
3’-UTR or mutant 3’-UTR of ABCC4 gene was cloned into 
the PEZ-Lv105 lentivirus vector (GeneCopoeia). The ABCC4 
3’-UTR sequence was amplified from human cDNAs by 
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PCR. The wildtype (WT) and mutated (MT) 3’-UTR regions 
of ABCC4 were cloned into Dual-Luciferase miRNA Target 
Expression Vector (Promega, Madison, WI, USA). Point 
mutations in the putative miR-506 binding seed regions were 
created using the Quick-Change Site-Directed Mutagenesis 
kit (Stratagene) according to the manufacturer’s protocol. All 
constructs were verified by sequencing. 

Transfection. Stable transfections were performed using 
Lipofectamine 2000 (Invitrogen) according to the recom-
mended instructions and previous methods described by 
other studies [29]. Because the infected cells stably express 
copGFP and puromycin, they can be selected either for 
GFP-positive cells by FACS of for puromycin resistance by 
puromycin treatment. In this study, we generated a killing 
curve for the target cells with different concentrations of 
puromycin in a 96-well plate. Stable cells were selected in the 
presence of puromycin (at the final concentration of 5 μg/ml) 
for 5–7 days with repeated plating. All of the siRNAs and 
miRNA mimics were synthesized by RiboBio (Guangzhou, 
Guangdong, China). They were transiently transfected with 
siRNA mate (RiboBio). The siRNAs were used at a concen-
tration of 20 μm, miRNA mimics were used at concentration 
of 20 nm, and the sequences are shown in Table 2.

Luciferase reporter assay. The ABCC4 3’-UTR sequence 
was amplified from human cDNAs by PCR. The wildtype 
(WT) and mutated (MT) 3’-UTR regions of ABCC4 were 
cloned into Dual-Luciferase miRNA Target Expression 
Vector (Promega, Madison, WI, USA). The miR-506 mimics, 
miR-506 inhibitor and negative control were purchased from 
RiboBio (Guangzhou, Guangdong, China). The reporter 
plasmids were co-transfected with miR-506 mimics/inhibitor 
or the control into cervical cancer cells using Lipofectamine 
2000 (Invitrogen) in 24-well plates. Luciferase assay was 
performed using the Dual-Luciferase® Reporter Assay System 
(Promega) two days after transfection.

Cell proliferation assay in vitro. Cell proliferative 
activity was determined using the 3-(4, 5-dimethyl-2-thia-
zolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) 
method (Beyotime Shanghai, China). HeLa and C33A cells, 
transiently transfected with the miR-506 mimic, miR-506 
inhibitor, negative control for 24 h, were seeded in 96-well 
plates at a density of 5×103 cells per well in 100 µL of growth 
medium and cultured for another 24 h, 48 h or 72 h, respec-
tively. Subsequently, 10 µL of MTT solution (5 mg/mL) was 
added to each well. After 4 h incubation at 37 °C, the cells 
were disrupted in 200 µL of dimethyl sulfoxide (DMSO, 
Sigma-Aldrich), and the absorbance was measured at 490 
nm on a microplate reader (BioTeke, Winooski, VT, USA).

In vivo nude mice tumorigenesis and proliferation 
experiments. BALB/c nu/nu female mice at 4 weeks of 
age were provided and housed in the Laboratory Animal 
Center of Shanghai Institutes for Biological Sciences. 
All the experiments with live animals were approved by 
the Ethics Committee of Beijing Chaoyang Hospital and 
were conducted in compliance with the Guide for Care of 

Laboratory Animals as detailed by the National Ministry of 
Science. As previously described, the cervical cancer model 
in BALC/c mice was established. After 4 days of acclimati-
zation, 2×105 HeLa cells stably infected with either miR-506 
mimics or miR-control were injected subcutaneously into 
the dorsal flanks of each mice (ten in each group). The tumor 
size was measured every 4 days. Then the mice were killed 
and necropsies were performed on the 28th day after injec-
tion. Then, the tumor volumes were calculated following the 
formula: A×B2/2 (A: the largest diameter, B: the diameter 
perpendicular to A).

Protein extraction and western blotting. All proteins 
were extracted from cells with radio immune precipitation 
assay (RIPA) lysis buffer (Solarbio, Beijing, China), supple-
mented with a protease inhibitor, and separated by 10% 
SDS-PAGE. The separated proteins were transferred to the 
polyvinylidene fluoride (PVDF, Millipore, Boston, MA, USA) 
membrane. The membrane was blocked with 5% nonfat 
milk and incubated with a specific primary antibody at 4 °C 
overnight. A horseradish peroxidase-conjugated secondary 
antibody (Santa Cruz, CA, USA) was incubated for 1 h at 
25 °C. β-actin primary antibody (1:5000 dilution; ZSGB-BIO, 
Beijing, China) was chosen as the internal reference. The 
proteins of interest were revealed by the Electro chemilumi-
nescence (ECL) detection reagents (Sea Biotech, Shanghai, 
China). Lab Works™ Image acquisition and analysis software 
(UVP, Upland, CA, USA) was used to quantify the intensities 
of the band.

Statistical analysis. Statistical analyses were carried using 
the SPSS 17.0 program (SPSS, Chicago, IL, USA). Data were 
presented as the mean ± SD from at least three independent 
experiments. The statistical significance between groups 
was determined using the Student’s t-test. The relationship 
between clinicopathological characteristics and miR-506 
expression was analyzed using Pearson χ2 test. P-value less 
than 0.05 was considered to be statistically significant.

Results

miR-506 expression is downregulated and inversely 
correlated with ABCC4 expression in cervical cancer. The 
expression levels of miR-506 were detected in 50 matched 
pairs of women CC tissues and adjacent normal tissues by 
qRT-PCR. In comparison to the non-tumor cervical tissues, 
miR-506 expression was dramatically lower in the CC tissues 
(Figure 1A, p<0.001). In addition to the CC tissues samples, 
we further detected the relative expression levels of miR-506 
in two cell lines (HeLa and C33A) and compared them with 
the normal cells. The results showed the miR-506 expression 
levels in HeLa and C33A cell lines were significantly reduced 
relative to that in the normal cell NCSC (Figure 1B, p<0.05).

Furthermore, the expression levels of ABCC4 in the CC 
tissues and the adjacent normal tissues were also assessed 
by qRT-PCR. As shown in Figure 1C, the relative expression 
level of ABCC4 was significantly higher in the CC tissues 
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mined by qRT-PCR. The results showed that the intracellular 
level of miR-506 was higher in HeLa and C33A cells lines 
transfected with the miR-506 mimic as compared with the 
level in cells transfected with miR-NC (Figure 2A, p<0.01); 
and in contrast, the expression level of miR-506 was statis-
tically lower in HeLa and C33A cells lines transfected with 
the miR-506 inhibitor compared with the levels in cells trans-
fected with miR-NC (Figure 2B, p<0.01). Meanwhile, the 
MTT proliferation assay showed that the rate of cell prolif-
eration in the miR-506 mimic transfected group was signifi-
cantly decreased in comparison with the miR-NC groups 
(Figure 2C, p<0.01). However, there was no difference in the 
proliferation rate between the cells (HeLa and C33A) trans-
fected with miR-506-inhibitor and the cells transfected with 
miR-NC, although a slight increase was observed in the front 
two cells (Figure 2D).

than that in the adjacent normal tissues (p<0.001). Then, we 
found that miR-506 expression was inversely correlated with 
the ABCC4 level in these clinical specimens (Figure 1D). 
These results indicate that miR-506 is downregulated in CC 
tissues and that reduced expression of miR-506 and increased 
ABCC4 level may play an essential part in development and 
progression of CC. Additionally, miR-506 may have a critical 
role in regulating CC cell proliferation. However, the partic-
ular function of miR-506 CC is still unknown.

miR-506 inhibits cervical cancer cell proliferation and 
xenograft tumor growth. As the downregulation of miR-506 
is inversely correlated with ABCC4, we hypothesized that 
miR-506 is a tumor suppressor in CC, and affects CC cells 
proliferation. HeLa and C33A cells lines were selected and 
transiently transfected with miR-506 mimic/inhibitor or 
miR-NC and then the expression levels in cells were deter-

Figure 1. miR-506 expression was down-regulated in cervical cancer tissues and cell lines and inversely correlated with ABCC4. (A) Expression of miR-
506 in 50 pairs of cervical cancer samples and their adjacent normal tissues. The expression level of miR-506 was detected by qRT-PCR using U6 as the 
internal control. (B) Expression levels of miR-506 in two cancer cell lines and primary normal cervical squamous cells. (C) Relative mRNA expression 
of ABCC4 in cervical cancer tissues. (D) Spearman correlation analysis of miR-506 expression and ABCC4 in 50 cervical cancer tissues. ***p<0.001, 
**p<0.01, *p<0.05
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To further monitor the effect of miR-506 over-expression 
on the CC cell proliferation in vivo, we injected the HeLa 
cells transfected with miR-506 or miR-control into the dorsal 
flanks of mice. After 4 weeks, all mice were killed, and the 
volume of the resulting tumors was measured. The sizes of 
tumors in HeLa/miR-506 mimic group were significantly 
smaller than those in the NC groups (Figure 2E, 2F). These 
observations demonstrated that miR-506 over-expression 
inhibits cervical cancer cells proliferation both in vitro and 
in vivo.

miR-506 directly targets ABCC4 by binding to its 
3’-UTR. To further expound the potential mechanism of 
how miR-506 induced the CC cell proliferation, we utilized 
microRNA.org online and microRNA Targetscan software to 
predict the targets of miR-506, and then ABCC4 was focused 
(Figure 3A). Luciferase reporter assay was used to identify 
ABCC4 as a direct target of miR-506, cells were co-transfected 
with wild type (WT) pmirGLO-UTR of ABCC4 3’-UTR or 
mutant type (MT) pmirGLO-UTR of ABCC4 3’-UTR vector 
and miR-506 mimic/inhibitor, or negative controls (NC). 

Figure 2. The re-expression of miR-506 induced growth inhibition in cervical cancer cells in vitro. (A–B) miR-506 was re-expressed in HeLa and C33A 
cell lines and miR-506 levels were determined by qRT-PCR after transfection with miR-506 mimic/inhibitor and negative control (NC). (C–D) MTT 
assay results showed that miR-506 suppressed viability of HeLa and C33A cells after transfection with miR-506 mimic/inhibitor or miR-ctrl. Mean ± 
SD of three independent experiments are shown. (E) Tumors formed in nude mice. HeLa cells stably over-expressing miR-506 or empty vector were 
injected into the flanks of nude mice (n = 10), and the mice were sacrificed after 4 weeks. (F) The volume of the tumors from the mice injected with 
miR-506-overexpressing HeLa cells was significantly smaller than that in those injected with miR-ctrl-expressing cells. The data are shown as the means 
± S.D. ***p<0.001, **p<0.01
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The results showed that approximately 22% and 25% reduc-
tion in luciferase activity was observed in miR-506 mimics 
transfected HeLa and C33A cells, respectively, whereas the 
repressive effect of miR-506-inhibitor increased luciferase 
activity in wild-type ABCC4 by approximately 32% and 28%, 
respectively, as compared to the control groups. Meanwhile, 
the luciferase activities of cells co-transfected with miR-506 
(mimics, inhibitor, or NC) and ABCC4 3’-UTR-mut vector 
were unaffected (Figure 3B). Furthermore, the expression 
of ABCC4 was decreased in HeLa cells transfected with 
miR-506 mimics as compared to those with NC-mimic, 
while the expression was observed to be increased in HeLa 
cells with miR-506 inhibitor compared to the NC group 
(Figure 3C). Taken together, these data indicate that ABCC4 
acts as a direct target of miR-506.

Discussion

CC was once considered to be one of the most serious 
cancers in women worldwide, and almost 90% of CC deaths 
occurred in developing scale of the world [2]. Although cancer 
treatments have been improved in recent years, the outcomes 
of patients with CC remain unsatisfactory [31]. Thus, identi-
fying new targets for the development of effective therapeu-
tics for CC is urgent. Recently, increasing evidence indicates 
that miRNAs play vital roles as diagnostics biomarkers 
and therapeutic targets in human cancers [32], and plenty 
of miRNAs are dysregulated in cervical cancer [11–13]. In 
the present study, we found that miR-506 was significantly 
down-regulated in human CC cell lines (HeLa and C33A) 
and clinical tumor specimens as compared to the matched 

Figure 3. MiR-506 suppressed ABCC4 expression by directly targeting the ABCC4 3’-UTR (A) The binding sites of miR-506 on ABCC4 3’-UTR are 
predicted by TargetScan. (B) Luciferase reporter assay of HeLa and C33A cells with the pGL3-ABCC4-3’-UTR-wt or pGL3-ABCC4-3’-UTR-mut were 
co-transfected with miR-506 mimics or NC/inhibitor. *p<0.05 (C) ABCC4 protein expression in HeLa cells transfected with miR-506 mimic/inhibitor 
or negative control was detected by western blotting analysis. β-actin served as the loading control.
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cell lines and adjacent normal tissues. We also revealed that 
up-regulated expression of miR-506 could inhibit CC cell 
proliferation both in vitro and in vivo. Moreover, ABCC4 
was identified as a direct target of miR-506 and the inverse 
relationship between them was also observed. We demon-
strated that miR-506/ABBC4 might act as a novel potential 
therapeutic target of treatment for CC, and low expression of 
miR-506 contributes to the tumor progression and tumor cell 
proliferation in CC patients.

Aberrant expression of miR-506 was reported to be 
associated with a variety of tumors, including ovarian 
cancer [33], esophageal cancer [34], colon cancer [35, 36], 
nasopharyngeal carcinoma [16]. Moreover, Zhang et al 
have reported that miR-506 was down-regulated and inhib-
ited cell proliferation in CC, but the underlying molecular 
mechanisms of miR-506 in CC are still elusive. Moreover, a 
contradictory role of miR-506 has been found. miR-506 acts 
as an oncogene in melanomas [15], but functions as a tumor 
suppressor in ovarian cancer [37] In our study, we found that 
miR-506 expression was down-regulated in CC tissues and 
cell lines (HeLa and C33A) and inversely correlated with 
ABCC4 expression by qRT-PCR, suggesting that miR-506 
may negatively regulate CC cell growth.

Wen et al. recently reported that miR-506 could inhibit 
CC growth, induce cell cycle arrest at the G1/S transition, 
and enhance apoptosis and chemosensitivity of CC cell lines 
by targeting Gli3 [21]. Further study in our research found 
similar results that miR-506 could suppress human CC cells 
proliferation in vitro and in vivo using MTT assay and animal 
study, indicating that miR-506 can be a tumor suppressor 
inhibiting CC proliferation. The data uncovered that the 
proliferation activity was significantly suppressed in the two 
cell lines (HeLa and C33A) transfected with miR-506-mimic 
as compared to the NC group. In cell lines with miR-506-
inhibitor, however, the proliferation activity just slightly 
increased without statistical significance when compared to 
the NC group. The possible reason is that the expression level 
of miR-506 in CC cell lines used in our study is already very 
low, the introduction of miR-506-inhibitor would neither 
down-regulate miR-506 expression nor increase the prolif-
eration activity. But from another aspect, this result featured 
the down-regulated expression of miR-506 in CC is very 
common and the degree of suppression is in a large-scale.

miRNAs frequently perform their functions by down-
regulating the expression of target mRNAs; therefore, we 
intended to find miR-506 target genes in cervical cancer 
using microRNA.org online and microRNA Targetscan 
software. Then, ABCC4 was selected from the two sources. 
As we know, ABCC4 is an efflux membrane transporter 
existing in renal tubules, hepatocytes, prostate, blood cells 
and brain capillaries. Its expression and function are highly 
variable and are associated with the onset and prognosis of 
several diseases [38]. Deanna L. Kroetz et al reported that 
ABCC4 was directly regulated by miR-506 in human kidney 
[24]. In the present study, using a luciferase reporter system, 

we observed that miR-506 caused a decrease in the luciferase 
activity of a wild-type ABCC4 3’UTR reporter, but hardly 
affected the luciferase activity of mutant ABCC4 3’UTR 
reporter. Combined with the results of the western blot in 
this study, these data indicate that miR-506 directly regulates 
ABCC4 gene expression via binding to the 3’UTR of mRNA, 
suggesting that the interaction between miR-506 and ABCC4 
may have a fundamental biological role.

In conclusion, we have demonstrated that miR-506 acts 
as a tumor suppressor in CC by reducing cancer growth. 
Furthermore, we spotted that miR-506 has an inverse corre-
lation with ABCC4 and directly targets it by binding to its 
3’-UTR. This newly identified miR-506 may provide further 
insight into the progression of CC and offers a promising 
therapeutic target for the treatment of CC. A further study to 
investigate the function of miR-506/ABCC4 axis in tumori-
genesis and progression of CC is needed.
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