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Up-regulation of microRNA-664 inhibits cell growth and 
increases cisplatin sensitivity in cervical cancer
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Abstract: Background: Cervical cancer is one of the leading causes of cancer-related death in woman worldwide. In 
the present study, we investigated the role of microRNA 664 (miR-664) in regulating cancer migration and chemo-
therapy sensitivity in cervical cancer. Methods: Quantitative real-time PCR (qPCR) was used to assess the mRNA lev-
els of miR-664 in both cervical cancer cell lines and cancer tissues from human patients. Lentiviral vector contain-
ing miR-664 mimics (lv-miR-664) was used to upregulate endogenous miR-664 in cervical cancer HeLa cells. The 
effects of miR-664 up-regulation on cervical cancer cell migration and cisplatin sensitivity were assessed by MTT 
and Cisplatin assays. Furthermore, the effect of miR-664 up-regulation on E-Cadherin expression was examined by 
western blot. E-Cadherin was then silenced by siRNA to examine its effect on miR-664 regulation on cervical cancer 
cell. Results: MiR-664 was downregulated in both cervical cancer cell lines and cancer tissues in patients. In HeLa 
cells, lentivirus mediated miR-664 up-regulation reduced cancer cell migration and increased chemosensitivity to 
cisplatin. Western blot showed E-Cadherin was upregulated upon miR-664 overexpression in HeLa cells. Genetic 
silencing of E-Cadherin by siRNA reversed the inhibitory effect of miR-664 up-regulation on cervical cancer cell mi-
gration. Conclusion: Our study demonstrated that miR-664 played an important role in regulating cervical cancer, 
possibly modulated by E-Cadherin.
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Introduction

Cervical cancer is one of the most common 
malignant cancers in woman worldwide [1, 2]. 
Every year, there are estimated more than half 
million of new cervical cancer cases, and more 
than quarter million cancer deaths among 
females [2]. Especially, more than 85% of those 
cancer incidences and mortalities occur in 
developing countries, such as China. In the 
past decades, tremendous advances have 
been made in understanding the molecular 
mechanism of carcinogenesis and cancer 
development of cervical cancer [3-5]. Yet, the 
complete scope of underlying mechanism of 
cervical cancer remains largely elusive. 
Therefore, identifying key molecular pathways 
and modulators in cervical cancer carcinogen-
esis and development is critical to develop 
novel therapeutic targets for the prevention 
and treatment of cervical cancer.

MicroRNAs (miRNAs) are a group of small-size, 
non-coding and single-stranded RNA that mod-
ulate gene expression by post-translational 
mRNA cleavage or degradation [6]. In recent 
decades, it has been shown that many miRNAs 
may modulate various stages of carcinogene-
sis, cancer growth and progression in cervical 
cancer through the modulation of genes [4, 
7-9].

Among many of the cancer regulating miRNAs, 
MicroRNA 664 (miR-664) has shown to be 
involved in many aspects of carcinogenesis, 
tumor growth, differentiation and apoptosis. In 
hepatocellular carcinoma, miR-664 was found 
to be upregulated in cancer cell lines and sub-
sequent down-regulation treatment of miR-664 
reduced cancer growth [10]. In papillary thyroid 
carcinoma and sporadic breast carcinoma, 
miR-664 was shown to be downregulated in 
cancer tissues but its functional role remains 
unknown [11, 12]. As for the cervical cancer, no 
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report, before our study, was available describ-
ing the expression and mechanisms of 
miR-664.

E-Cadherin is the member of transmembrane 
glycoprotein family that regulates calcium-
dependent ion exchanges between adjacent 
cells [13]. In cervical cancer, previous studies 
had demonstrated that both the mRNA and 
protein levels of E-cadherin were downregulat-
ed in metastatic carcinomas [14-16]. It was 
also shown that E-Cadherin was directly target-
ed by microRNA miR-200 family in regulating 
epithelial-to-mesenchymal transition in many 
of the cancer forms [17, 18]. However, it was 
not clear whether E-Cadherin was directly regu-
lated by miRNAs in cervical cancer.

In the current study, we identified miR-664 as a 
tumor suppressor miRNA in cervical cancer. 
Our data showed that expression of miR-664 
was markedly downregulated in cervical cancer 
cells and cervical cancer tissues. We also dem-
onstrated that miR-664 up-regulation inhibited 
cervical cancer cell migration and increased 
cisplatin chemosensitivity. Furthermore, we 
showed that E-Cadherin was directly regulated 
by miR-664 in cervical cancer, and subsequent 
down-regulation of E-Cadherin reversed the 
inhibitory effect of miR-664 up-regulation on 
cancer cell growth.

Materials and methods

Cervical cancer cell lines 

Five cervical cancer cell lines, SiHa, Hela, Caski, 
C-33A and Hela-229 were purchased from 
ATCC (American Type Culture Collection, 
Shanghai, China). A control cell line, normal 
human astrocyte (NHA) was also obtained from 
ATCC, Shanghai, China. All cells were cultured 
in RPMI-1640 medium supplemented with 10% 
fetal bovine serum (FBS), 10 mmol/L HEPES, 2 
mmol/L L-glutamine, 50 μmol/L β-merca- 
ptoethanol, 1 mmol/L sodium pyruvate, 100 U/
mL penicillin, and 100 μg/mL streptomycin at 
37°C in a tissue culture chamber with 95% O2 
and 5% CO2.

Clinical tissues

The human cervical tissue samples were 
obtained from the patients in the department 
of Gynecology at Qingdao Municipal Hospital 
from September 2013 to July 2014. Normal 

cervical tissues were taken from areas of 
peripheral tissues adjacent to the tumors. 
Tissues were quickly removed, with partial of 
them in OCT compound and examined by a his-
tologist to confirm the tumor pathology. Consent 
forms were obtained from the patients. All pro-
tocols of the present study were approved by 
the Human Research and Ethics Committees of 
at Qingdao Municipal Hospital in China.

Quantitative real-time reverse transcription-
PCR (qRT-PCR)

Total RNA, either from cell lines or clinical tis-
sues, was isolated using a TRIzol reagent kit 
(Invitrogen, USA) according to manufacturers’ 
protocol. Reverse transcription was performed 
by a TaqMan microRNA reverse transcription kit 
(Applied Biosystems, USA) according to the 
manufacturer’s protocol. The coding sequence 
for E-Cadherin primers were 5’-CTGCTGCAG- 
GTCTCCTCTTG-3’ and 5’-TGTCGACCGGTGC- 
AATCTTC-3’. Amplification of cDNA was con-
ducted in 25 µl reaction tubes containing 0.2 
µM dNTPs, 20 pmol of each primer, and 0.2U 
Tag polymerase in PCR buffer. The amplifica-
tion conditions were 37 cycles of 15 s at 92°C 
and 1 min at 60°C. The internal controls for 
miR-664 and E-Cadherin were housekeeping 
gene U6 and GAPDH, respectively.

Lentiviral production and transfection

The oligonucleotides of hsa-miR-664-5p mim-
ics and its non-specific control were purchased 
from Ribobio (RiboBio, Guangzhou, China). They 
were amplified and inserted in a pCDH-CMV-
MCS-EF1-coGFP construct to make lentiviral 
expression vectors (System Biosciences, USA). 
Then, the lentiviral expression vectors and a 
pPACK packaging vector were co-transfected 
into HEK293T cells to produce lentivirus parti-
cles of miR-664-5p mimics (lv-miR-664) and its 
corresponding non-specific control (lv-NC). 
Cervical cancer cell line, HeLa cells, was then 
transfected with lv-miR-664 or lv-NC using a 
Lipofectamine 2000 reagent (Invitrogen, CA), 
according to manufacturer’s protocol 

MTT migration assay

Cervical cancer cell invasion was performed 
using a quantitative cell migration assay kit 
(ECM500, Chemicon), according to the manu-
facturer’s protocol. Briefly, cancer cells were 
cultured in 96-well plates (10,000 well) for 24 h 
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at 37°C. Lentivirus of lv-miR-664 or lv-NC was 
then added into culture for 3 days, followed by 
changing culture medium with 100 μL DMEM + 
10% FBS. At the end of 3-day culture, a 20 μL 
MTT solution was added in the culture for 2 
hours according to manufacturer’s protocol 
(Sigma Aldrich, USA). The absorbance of 560 
nm was examined to decide the total number of 
migrated cells.

Cisplatin chemosensitivity assay

Cervical cancer HeLa cells were transfected 
with either lv-miR-664 or lv-NC lentivirus, and 
then plated in 6-well plates for 24 h. The viable 
cells were transferred at 1 × 104 per well to 
24-well plates. Various concentrations of 
Cisplatin (1~200 μg/mL) were added and cells 
were further cultured for another 48 hours. Cell 
density was evaluated by measuring the fluo-

rescence intensity of propidium iodide (PI) at 
24 and 48 hours.  The fluorescence intensities 
were assessed by a CytoFluor II multiwell plate 
reader (PerSeptive Biosystems), and normal-
ized to the intensity while cells were treated 
with 1 μg/mL cisplatin. All experiments were 
conducted in triplicate.

Western blotting assay

For western blotting analysis, cells lysates was 
extracted from HeLa cells using a lysis buffer 
containing 50 mM Tris (pH 7.6), 150 mM NaCl, 
1 mM EDTA, 10% glycerol, and 0.5% NP-40 and 
protease inhibitor cocktail (Invitrogen, USA). 
The obtained protein was dissolved in 10% 
SDS-PAGE gel and blotted on nitrocellulose 
membranes. The membranes were incubated 
with primary antibody against E-Cadherin 
(1:500, Cell Signaling, USA) according to manu-
facturer’s protocol, followed by horseradish 
peroxidase-conjugated secondary antibodies 
(Bio-Rad, USA). The western blots were exam-
ined by an enhanced chemiluminesence sys-
tem (Amersham Biosciences, USA) according to 
the manufacturer’s protocol.

Genetic silencing of E-Cadherin of siRNA

The E-Cadherin siRNA (ECad_siRNA) and non-
specific control siRNA (NC_siRNA) were pur-
chased from Stanta Cruz (Santa Cruz 
Biotechnology, USA). HeLa cells were plated in 
6-well plates at density of 1 × 106 cells/well, 
and transfected with ECad_siRNA (100 nM) or 
NC_siRNA (100 nM) with Lipofectamine 2000 
(Invitrogen, USA) according to manufacturer’s 
recommended protocol. HeLa cells were cul-
tured for another 48 hours with the MTT migra-
tion essay.

Statistical analysis

All data were presented as the mean ± S.E.M. 
and evaluated with a two-tail, unpaired 
Student’s t test. Statistically significance was 
determined if P < 0.05. All experiments were 
repeated at least three times.

Results

MiR-664 is downregulated in cervical cancer 
cell lines and patient samples

As first step of the study, we investigated the 
expression patterns of miR-664 in both cervi-
cal cancer cell lines, as well as tissues from 

Figure 1. MiR-664 expression in cervical cancer cell 
lines and primary cancer tissues. A. In five cervical 
cancer cell lines and a control cell line, normal hu-
man astrocytes (NHA), qPCR was performed to com-
pare the mRNA levels of miR-664. Relative values 
of mRNA expression were normalized to the level in 
NHA (*, P < 0.05). B. In eight patients with cervical 
cancer, miR-664 expression levels were compared 
between paired cancer tissues (T) and adjacent non-
cancer tissues (ANT). Relative values of T/ANT were 
presented (*, P < 0.05). 
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patient samples, with the method of qPCR. We 
found that, while compared with the mRNA 
level of miR-664 in control normal human 
astrocytes (NHA) cell line, the expression levels 
of miR-664 were significantly lower in all five 
cervical cancer cell lines we probed, including 
SiHa, HeLa, Caski, C-33A and HeLa-229 cells, 
than in non-carcinoma cells (Figure 1A, *: P < 
0.05). We then examined the mRNA level of 
miR-664 in cervical cancer tissues (T) and 
adjacent non-cancer tissues (ANT) in 8 patients. 
We found that the expression levels of miR-664 
were significantly lower in all cancer tissues, as 
compared to non-cancer tissues (Figure 1B, *, 
P < 0.05).

Up-regulation of miR-664 inhibited cervical 
cancer cell migration

As we showed that miR-664 was significantly 
down-regulated in both cervical cancer cell 
lines and primary tissues of cervical cancer 
patients, we wondered whether miR-664 had 
any functional role in cervical cancer.  

We firstly constructed lentivirus to over-express 
human miR-664 in cervical cancer. The effi-
ciency of lentivirus to up-regulated endogenous 
miR-664 in cervical cancer cells was confirmed 
by qRT-PCR. In that assay, we demonstrated 

that the mRNA expression of miR-664 was sig-
nificantly upregulated by lv-miR-664 in HeLa 
cells, as compared with non-specific control 
lentivirus (lv-NC) (Figure 2A, *: P < 0.05).  

We then assessed the effect of miR-664 up-
regulation on migration capability of cervical 
cancer cells. HeLa cells were transfected with 
lv-miR-664 for 72 hours to upregulate endoge-
nous mRNA level of miR-664. In parallel control 
experiment, HeLa cells were transfected with 
lv-NC. After lentiviral transfection, a MTT trans-
well assay showed that up-regulation of miR-
664 significantly reduced cervical cancer 
migration (Figure 2B, 2C, *: P < 0.05).

Up-regulation of miR-664 increased cervical 
cancer cell chemosensitivity to cisplatin

We then assessed whether miR-664 would 
have a functional role in regulating the chemo-
therapy sensitivity in cervical cancer. For that 
aim, we treated cervical cancer cell line HeLa 
cells with various concentrations of chemother-
apy reagent 5 cisplatin (1~200 μg/mL), upon 
miR-664 up-regulation by lentivirus of lv-
miR-664. In parallel control experiment, lv-NC 
was applied. We examined time-dependent 
effects at two time points, 24 hours and 48 
hours after lentiviral transfection. After 24 

Figure 2. MiR-664 regulates cervical cancer cell migra-
tion. A. HeLa cells were transfected with lentiviral vec-
tors expressing human miR-664 mimics (lv-miR-664) or 
non-specific control (lv-NC) for 48 hours. The endogenous 
mRNA levels of miR-664 after lentiviral transfections were 
assessed by qRT-PCR (*: P < 0.05). B. HeLa cells were 
transfected with lv-miR-664 or lv-NC for 72 hours, followed 
by measuring migration capability using a MTT trans-well. 
C. Comparing cervical cancer migration between the con-
ditions of miR-664 up-regulation (lv-miR-664) and not (lv-
NC), it showed that the number of migrated cells was signif-
icantly reduced with miR-664 up-regulation (*: P < 0.05).
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hours of transfection, we found that up-regula-
tion of miR-664 significantly increased HeLa 
cell chemosensitivity to cisplatin at concentra-
tions between 5 and 100 μg/mL (Figure 3A, *: 
P < 0.05). After 48 hours, miR-664 up-regula-
tion also significantly increased HeLa cell cis-
platin chemosensitivity at concentrations 
between 5 and 50 μg/mL (Figure 3B, *: P < 
0.05)

Regulation of miR-664 on cervical cancer is 
modulated by E-Cadherin

Finally, we wondered what the molecular signal-
ing pathways were involved in the regulation of 
miR-664 in cervical cancer. By western blotting 
analysis, we found that E-Cadherin was signifi-
cantly upregulated while miR-664 was over-
expressed in cervical cancer HeLa cells (Figure 

overexpression significantly inhibited cancer 
cell migration. These data are consistent with 
previous reports showing that miR-664 was 
down-regulated in papillary thyroid carcinoma 
and sporadic breast carcinoma [11, 12], but 
contrary to a previous report showing miR-664 
was up-regulated in hepatocellular carcinoma 
[10]. Thus, our results suggest that, at least in 
cervical cancer, miR-664 may act as a tumor 
suppressor miRNA that is commonly down-reg-
ulated in cancer tissues and its up-regulation 
may inhibit cancer development.

Also in the present study, we showed that 
E-Cadherin is the direct target of miR-664 regu-
lation in cervical cancer, by demonstrating that 
the protein expression of E-Cadherin was sig-
nificantly upregulated by miR-664 overexpres-

Figure 3. MiR-664 regulates cervical cancer cell chemosensitivity to cispla-
tin. Cervical cancer HeLa cells were transfected with lv-miR-664or lv-NC. 
Their chemosensitivity to cisplatin were assessed (A) 24 hours and (B) 48 
hours after adding 1 to 100 μg/mL cisplatin in the culture. (*: P < 0.05, 
Student’s t-test).

4A). Then, we used siRNA 
(ECad_siRNA, 100 nM) to 
genetically silence E-Cadherin 
in HeLa cells and evaluated the 
cancer cell migration during 
the same time. In parallel con-
trol experiment, a non-specific 
control siRNA (NC_siRNA, 100 
nM). Our result showed that 
E-Cadherin downregulation ma- 
rkedly reversed the inhibitory 
effect of miR-664 up-regula-
tion on cancer cell migration 
capability in HeLa cells (Figure 
4B, 4C, *: P < 0.05). Thus, it is 
very likely that the regulatory 
effect of miR-664 on cervical 
cancer is modulated through 
E-Cadherin.

Discussions

In the present study, we dem-
onstrated, for the first time, 
that miR-664 had functional 
role in regulating cervical can-
cer. We firstly demonstrated 
that miR-664 expression was 
overall downregulated in both 
cervical cancer cell lines and 
primary cervical carcinoma tis-
sues. The application of lentivi-
rus to upregulate miR-664 in a 
functional MTT migration assay 
demonstrated that miR-664 
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Figure 4. MiR-664 regulation in cervical cancer cell is modulated by E-Cadherin. A. HeLa cells were transfected with 
either lv-miR-664 or lv-NC for 48 hours. The endogenous protein levels of E-Cadherin were shown by western blot-
ting analysis with internal control of GAPDH. B. HeLa cells were initially transfected with lv_miR-664 to upregulate 
endogenous miR-664 for 24 hours, followed by transfection of either E_Cadherin siRNA (ECad_siRNA, 100 nM) or 
non-specific control siRNA (NC_siRNA, 100 nM) for additional 24 hours. The migration of HeLa cells was assessed 
by MTT migration assay. C. Quantitative analysis showed that the number of migrated cells, initially reduced by miR-
664 up-regulation, was reversely upregulated by E_Cadherin downregulation (*: P < 0.05).

sion. Furthermore, we showed that E-Cadherin 
was also directly involved in the regulation of 
miR-664 in cervical cancer, by demonstrating 
that genetic silencing of E-Cadherin reversed 
the inhibitory effect of miR-664 overexpression 
on cervical cancer cell migration. It has been 
shown in previous studies that E-Cadherin was 
normally downregulated, and overexpressing 
E-Cadherin reduced cancer cell development in 
cervical cancer [14-16]. Thus, our results show-
ing E-Cadherin was interactively associated 
with miR-664 to regulate cancer cell growth 
and migration further supported the idea that 
E-Cadherin is a proliferative gene in cervical 
cancer.

In summary, our study revealed a new function-
al microRNA modulator, miR-664, in human 
cervical cancer. Our data suggests that miR-
664 may act as a tumor suppressor to modu-
late cervical cancer cell growth and migration. 
Targeting miR-664 it may help to develop a new 
therapeutic method for patients with cervical 
cancer.
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