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miR-211 inhibits proliferation, invasion and migration
of cervical cancer via targeting SPARC
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Abstract. Cervical cancer remains one of the most frequent
gynecological malignancies among females around the world.
Therefore, fully understanding the molecular mechanisms
underlying the progression of cervical cancer may be critical
for the development of effective therapeutic strategies against
cervical cancer. The object was to evaluate the potential effect
of miR-211 and verify its influence on the function of secreted
protein acidic and rich in cysteine (SPARC) in cervical cancer.
It was demonstrated that miR-211 was downregulated in
cervical cancer cell lines (HeLLa and C33A) and cervical cancer
specimens, while SPARC expression level was higher in tumor
tissues. We also revealed miR-211 upregulated expression
could inhibit cells proliferation, migration and invasion in vivo.
SPARC was confirmed as a direct and functional target of
miR-211 and the inverse relationship between them was also
observed. The results of the present study suggest that miR-211
reduced cancer growth, migration and invasion, and suppresses
the SPARC expression in cervical cancer. This newly identified
miR-211 may provide further insight into the progression and
offers a promising target for cervical cancer therapy.

Introduction

Cervical cancer remains one of the most frequent gyneco-
logical malignancies in females around the world, which
leads to the highest morbidity and mortality in young women,
particularly in developing countries (1). Approximately 98,900
new cases and 30,500 cancer deaths due to cervical cancer are
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estimated to occur in China each year (2). Cervical cancers
frequently infiltrate into the neighboring tissue and metasta-
size to other organs resulting in a poor prognosis. Although
great advanced protocols including operation, chemotherapy
and postoperative radiotherapy have been established in the
therapy of cervical cancer, the long-term outcomes of clinical
therapy remain unsatisfactory and most patients succumb
to metastasis (3). Accumulating research on the molecular
mechanism of progression and carcinogenesis has produced
a number of new potential molecular biomarkers which are
likely to be the targets of cervical cancer (4), but there are
few biomarkers used in predicting of the disease. Therefore,
it is critical to identify specific types of molecular biomarkers
which may accurately predict disease outcome before the
standard treatment. The molecular biomarkers for the early
identification of cervical cancer patients, may contribute
to understanding cervical carcinogenesis and ascertaining
diagnostic and therapeutic strategies, assessing prognosis, and
monitoring response to therapy.

The group of highly conserved, small non-coding RNAs
(18-24 nucleotides) (5) the microRNAs (miRNAs) have critical
roles in modulating in length the physiological process or
pathogenesis by regulating the translation or degradation of
target messenger RNA (6). Accumulating evidence has indi-
cated that the dysfunction of miRNAs occur in a wide range
of human tumors and can regulate cancer progressions that
are involved in cell differentiation, proliferation, metastasis,
and apoptosis (7-9). In addition, the dysfunctions of miRNAs
act as either tumor suppressors or promoters (10), and studies
have suggested miR-211 could act as boh a suppressor and
a promoter, and it can be considered quite contradictory.
miR-211 was detected at a significantly low level in various
types of cancers, such as hepatocellular carcinoma, melanoma,
glioma, epithelial ovarian cancer (11-14), and on the contrary,
miR-211 was upregulated in other tumors, for example human
non-small cell lung cancer, and colorectal cancer (15,16).
Previous studies have indicated that miR-211 inhibited cervical
cancer cell invasion and epithelial-to-mesenchymal transition
(EMT) through targeting MUC4 (17). However, the miR-211
expression remains unclear in cervical cancer tissues. So the
regulatory mechanism of miR-211 on cervical cancer needs
further investigation.
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Secreted protein acidic and rich in cysteine (SPARC),
as a member of the matricellular family of secreted
proteins, can modulate cell matrix interactions and affect
cell progression, such as cell adhesion, tissue repair and
remodeling (18,19). SPARC is taken to be an oncogene on
account of its high expression in a great range of tumors
including gastric carcinomas, prostate cancer, glioma, and
cervical cancer (20-23). A previous study has demonstrated
that overexpression of SPARC has significant connection
with negative prognostic clinicopathological characteristics
and might function as an important point in EMT of cervical
cancer (23).

miR-211 was frequently downregulated and the miR-211
overexpression remarkably suppressed cell proliferation,
invasion and migrationx in vivo as shown in our study.
Furthermore, we confirmed SPARC is a direct and functional
target of miR-211. The newly identified miR-211/SPARC
partially elucidates the cervical cancer molecular mechanism
of proliferation, invasion and migration, and represents a
therapeutic point for cervical cancer treatment.

Materials and methods

Tissue samples. Cervical cancer and the corresponding
normal tissues from 52 patients who underwent surgery were
obtained at Yuhuangding Hospital (Yantai, China) from
2014 to 2016. Histopathological diagnoses were based on the
WHO classification and clinical stages classification followed
the International Federation of Gynecology and Obstetrics
criteria (FIGO). The characteristics of patients with cervical
cancer are described in Table I. The patients signed informed
consent and the study was approved by the Ethics Committee
of Yuhuangding Hospital (Yantai, China).

Cell culture. Primary normal cervical squamous cells (NCSC)
and two human cervical cancer cell lines (HeLa and C33A)
were obtained from ATCC (Manassas, VA, USA). The cells
were cultured in RPMI-1640 medium supplemented with 10%,
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA).

Cell transfection. The cells were transfected with miR-211
mimics/inhibitor as well as the corresponding control using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), respectively. Cells were used for cell
proliferation, migration and invasion assays after transfection.
All transfection was conducted in three times. miR-211 mimic
5'-UUCCCUUUGUCAUCCUUCGCCU-3', miR-211 inhibitor
5'-AGGCGAAGGAUGACAAAGGGAA-3', and a negative
control oligonucleotide were designed and synthesized by
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). In order to
construct SPARC overexpressing plasmid, the gene without
3'-UTR was amplified from cDNA of human normal cervical
tissues by polymerase chain reaction (PCR).

RNA isolation and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA of cervical cells and tissues were
extracted using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
Then, 5 ng of total RNA was reverse transcribed using a
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TagMan miRNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, USA), and the expression levels of mature
forms of miR-211 was determined using an miRNA-specific
TagMan MiRNA Assay Kit. To determine the mRNA levels
of SPARC, total RNA (500 ng) was reverse transcribed using
PrimeScript® RT Master Mix (Takara Biotechnology Co.,
Ltd., Dalian, China). reverse transcriptase according to the
manufacturer's instructions, and RT-qPCR analyses were
performedusing SYBR-Premix Ex Tag™ (TakaraBiotechnology
Co., Ltd., Dalian, China). U6 and GAPDH acted as the internal
control for the expression of miR-211 and SPARC. The primers
of SPARC and GAPDH were synthesized by Invitrogen;
Thermo Fisher Scientific, Inc. The experiments were performed
in triplicate. The transcription primer and PCR primer of
miR-211 and U6 were purchased from Guangzhou RiboBio
Co., Ltd. The sequences of the primers were as follows:
miR-211 F, 5"TCGGCAGGTCCCTTTGTCATCC-3' and R,
5" TGCAGGTCAACTGGTGTCGT-3"; U6 F, 5-GCTTCGGC
AGCACATATACTAAAAT-3' and R, 5-CGCTTCACGAA
TTTGCGTGTCAT-3"; SPARC F, 5-"AGCACCCCATTGA
CGGGTA-3' and R, 5-GGTCACAGGTCTCGAAAAAGC-3,
GAPDH F, 5-CTGGGCTACACTGAGCACC-3' and R,
5-AAGGGTCGTTGAGGGCAATG-3".

Western blot analysis. Proteins were isolated from cervical
cells with different transfection using RIPA lysis buffer
(Thermo Fisher Scientific, Inc.) phenylmethylsulfonyl fluoride.
The measurement of protein concentration used bicinchoninic
acid assay kit (Beyotime Institute of Biotechnology, Haimen,
China). The protein was transferred onto polyvinylidene
fluoride membrane (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). Then, the membranes were blocked by 5% bovine
serum albumin and incubated with specific primary antibody
rabbit polyclonal anti-SPARC antibody (dilution 1:1,000;
cat. no. ab209556; Abcam, Cambridge, MA, USA). After
that, the membrane was incubated in the secondary antibody
goat polyclonal anti-rabbit IgG H&L secondary antibody
(dilution 1:2,000; cat. no. ab150077; Abcam). The bands were
subjected to quantification using the ImageJ imaging processing
program (National Institutes of Health, Bethesda, MD, USA).

CCK-8assay. Cell Countingkit-8 (CCK-8) (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) was performed to detect
cell proliferation. Cervical cells transfected with miR-211
mimics/inhibitor were seeded into 96-well plates. Then each
plate was added with 10 ul of CCK-8 reagent. The absorbance
of each well at 0, 24, 48, 72 and 96 h was detected at 450 nm.
All experiments were performed three times.

Transwell assay. The Transwell assay with or without Matrigel
(Clontech Laboratories, Inc., Mountainview, CA, USA) was
chosen to measure the migration and invasion. Cervical cells
(5x10°) were seeded on the top 24-well Transwell chamber.
RPMI-1640 medium with 20% FBS was added to the lower-
chamber. The cells on the low chambers were removed using
cotton swab. Then the cells on the top chamber were fixed
with methanol, stained with 0.05% crystal violet. Finally, the
migrated or invaded cells were counted under an inverted
microscope (IX31; Olympus Corporation, Tokyo, Japan) and
images were captured at x200 magnification.
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Table I. Clinicopathological variables and miR-211 expression in 52 cervical cancer patients.
miR-211 expression
Characteristics Cases (n=52) Low (%) High (%) P-value
Age (years) 0.7232
<40 16 12 (75.0) 4(25.0)
>40 36 28 (77.8) 8(22.2)
Tumor size (cm) 0.4989
<3 26 18 (69.2) 8 (30.8)
>3 26 16 (61.5) 10 (38.5)
Local relapse 0.0264*
Yes 10 5(50.0) 5(50.0)
No 42 39 (92.9) 3(7.1)
Distant metastasis 0.0253*
Yes 22 12 (54.5) 10 (45.5)
No 30 25 (83.3) 5(16.7)
FIGO stage 0.0395*
1B 28 16 (57.1) 12 (42.9)
ITA 24 16 (66.7) 8(33.3)
Differentiation 0.3158
Well 14 8 (57.1) 6 (42.9)
Moderate/poor 38 26 (68.4) 12 (31.6)
P<0.05.

Luciferase assay. The bioinformatics analysis software
TargerScan (http://www.targetscan.org/) and miRanda
(http://www.microrna.org/microrna/home.do) were chosen for
predicting the targets of miR-211. The 3'-UTRs of SPARC were
amplified with PCR from genomic DNA. The wild-type (WT)
and mutant type (MT) 3-UTR of SPARC were cloned into the
pMIR-REPORT luciferase vector (Ambion; Thermo Fisher
Scientific, Inc.) and verified by sequencing. For the luciferase
assay, the cells were co-transfected with miR-211 mimics and
WT or MT 3'-UTR of SPARC luciferase reporter plasmid.
Then we used dual-luciferase reporter assay system (Promega
Corporation, Madison, WI, USA) for measuring the reporter
activities. Renilla luciferase activity was used as normalization.

Statistical analysis. The results are presented as the mean + stan-
dard deviation (SD). Statistical analysis was conducted using the
SPSS 19.0 statistical software (IBM Corp., Armonk, NY, USA).
Each experiment was repeated at least three times. Student’s
t-test or Tukey-Kramer post hoc test after one-way analysis of
variance (ANOVA) in SPSS were used to analyze the differ-
ences between the groups. Correlation between mRNA and
miRNA were estimated using the Spearman’s correlation
method. P<0.05 was considered to be a significant difference.

Results
miR-211 expression is downregulated and inversely corre-

lates with SPARC expression. To investigate whether the
miR-211 expression was altered in cervical tissues, RT-qPCR

was performed in 52 pairs of cervical tissues. The result
suggested the miR-211 level was lower in cervical tissues
(Fig. 1A, P<0.01). We further measured miR-211 expression in
cervical cancer cell lines (HeLa and C33A) compared with the
normal NCSC cells. The results showed the miR-211 expres-
sion in HeLa and C33A were significantly reduced relative to
that in the normal NCSC cells (Fig. 1B, P<0.05, P<0.01).

Furthermore, the SPARC expression levels in 52 pairs of
cervical tissues were also assessed by RT-qPCR and western
blot analysis. The relative expression of SPARC was higher
in cancer tissues as shown in Fig. 1C and D (P<0.01). Then,
we found there was an inverse correlation between miR-211
expression and the SPARC level in these clinical speci-
mens (Fig. 1E). This correlation may play an essential part in
the cervical cancer progression.

miR-211 inhibits cervical cell proliferation, migration and
invasion. We established stable cells to investigate the effect
of miR-211 in the progression of cervical cancer in both
HeLa and C33A cells, and the overexpression of miR-211 was
detected using RT-qPCR. As shown in Fig. 2A and B, the
miR-211 expression was higher when cells were transfected
with miR-211 mimics, and the expression of miR-211 was
lower when transfected with miR-211 inhibitor. Subsequently,
CCK-8 was used to measure the potential of miR-211 in cervical
cell proliferation. The results demonstrated overexpression of
miR-211 inhibited cervical cell proliferation, and knockdown
of miR-211 dramatically promoted proliferative abilities as
determined by CCK-8 assay (Fig. 2D).
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Figure 1. miR-211 expression is downregulated and inversely connected with SPARC. (A) miR-211 expression in 52 pairs of samples and their corresponding
adjacent normal tissues. The miR-211 expression was detected by RT-qPCR. (B) miR-211 levels in two cancer cell lines and NCSC. (C) Relative mRNA
expression of SPARC in cervical cancer tissues. (D) Relative protein expression of SPARC in cervical cancer tissues. (E) Spearman's correlation analysis of
miR-211 and SPARC expression in cervical cancer tissues. “P<0.01; "P<0.05; SPARC, secreted protein acidic and rich in cysteine; NCSC, primary normal
cervical squamous cells; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

Additionally, to investigate the effect of miR-211 in
metastasis, Transwell chambers were conducted to test
the migration and invasion ability of cervical cells with
different transfection. Ectopic expression of miR-211
significantly suppressed HeLa and C33A cell migration,
whereas inhibiting miR-211 expression promoted HeLa and
C33A cell migration (Fig. 3A and B; P<0.05). In the cell
invasion assay, overexpression of miR-211 dramatically
suppressed HeLa and C33A cell invasion, whereas
inhibition of miR-211 expression significantly promoted
HeLa and C33A cell invasion (Fig. 3C and D; P<0.05).
These results suggested miR-211 can inhibit the migratory and
invasive ability of cervical cancer cells.

SPARC is the direct target of miR-211 in cervical cells.
Bioinformatics analysis software TargetScan and miRanda
were used for predicting the targets of miR-211. The putative
binding sites for miR-211 were found at the 3'-UTR of
SPARC (Fig. 4A). To further confirm whether the 3'-UTR

of SPARC can be directly targeted by miR-211, WT
pmirGLO-UTR of SPARC 3'-UTR or MT pmirGLO-UTR
of SPARC 3'-UTR vector was co-transfected into two
cell lines with either miR-211 mimic/inhibitor or negative
controls (NC), followed by the measurement with luciferase
reporter assays. Fig. 4B and C shows that reductions were
approximately 40% in HeLa cell and 45% in C33A cells of
the luciferase activity in all cells transfected with the miR-211
mimic and SPARC 3-UTR WT vector, whereas the repressive
effect of miR-211-inhibitor increased luciferase activity in
WT SPARC by approximately 46 and 35%, but the luciferase
activity had no significant change in cells transfected with
SPARC 3'UTR-containing mutant miR-211-binding sites.
We next assessed the miR-211 effect on its potential target
SPARC expression at protein level. To this end, miR-211
mimics/inhibitor were transfected into HeLLa and C33A cells,
respectively, SPARC expression was measured using western
blot analysis. The results show miR-211 mimics decreased
the protein level of SPAR (Fig. 4C and D), while miR-211
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Figure 2. Overexpression of miR-211 induces growth inhibition in cervical cancer. (A and B) miR-211 was re-expressed in HeLLa and C33A cell lines and
miR-211 levels were determined by RT-qPCR after transfection with miR-211 mimic/inhibitor and NC. (C and D) CCK-8 assay results showed that miR-211
suppressed the viability of two cells lines after transfection of miR-211 mimic/inhibitor/NC. “P<0.01; "P<0.05; RT-qPCR, reverse transcription-quantitative
polymerase chain reaction; CCK-8, Cell Counting kit-8.
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inhibitor enhanced SPARC expression. Together, these results
demonstrated miR-211 negatively regulated endogenous
SPARC expression in HeLa and C33A cells.

Overexpression of SPARC restores the inhibited proliferation,
migration and invasion function of miR-211. The evidence
givenindicates that miR-211 may have various types of potential
targets in HeLLa and C33A cells, the anti-proliferative effect of
miR-211 may not be limited to repression of SPARC. To detect
whether overexpression of SPARC would simulate miR-211-
mediated effects, transfection of pmirGLO-SPARC and
co-transfection of pmirGLO-SPARC and miR-211 increased
the mRNA expression of SPARC in HeLa and C33A cells,
co-transfection of pmirGLO-SPARC and miR-211 abrogated
the effects of miR-211 on SPARC expression (Fig. 5A and B),
and then we calculated the capabilities of cell proliferation,
migration and invasion. Restoration of SPARC eliminated cell
viability, invasion and migration that was reduced by miR-211
mimic (Fig. 5C-F). These results demonstrated that SPARC is

a direct functional target gene of miR-211 and that miR-211
functions as a tumor suppressor through SPARC.

Discussion

Mounting evidence has demonstrated that miR-211 acts as an
inhibitor in the progression of cancer cell growth, invasion and
migration in many kinds of cancers (12,14,24,25). However, the
molecular mechanism by which miR-211 regulates the progres-
sion and development of cervical cancer has not been fully
investigated. This investigation demonstrated the synthesized
analysis of miR-211 effects on cervical cancer. The miR-211
expression is downregulated in cervical cancer in vivo, and
reduced miR-211 levels have inverse correlation with SPARC
expression. The results indicated miR-211 might act as a
suppressor and play a significantly important role of cervical
cancer growth and metastasis.

There is increasing evidence demonstrating that miRNAs
can function as an crucial point in gene expressions, and then
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Figure 5. Upregulation of SPARC reverses the inhibitory effects of miR-211. (A and B) HeLa and C33A cells were co-transfected with control miR (miR-control)
or miR-211 either with vector control or SPARC and the expression of SPARC was checked by RT-qPCR. (C and D) CCK-8 assay was conducted in HeLa and
C33A cell lines. (E and F) Transwell assay was performed in HeLa and C33A cells lines in different conditions. “P<0.01; "P<0.05; SPARC, secreted protein
acidic and rich in cysteine; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CCK-8, Cell Counting kit-8.

influence the tumor development and procession (26). The
miR-211 expression was downregulated in various tumors, for
example glioma (13), and ovarian cancer (14). However, the
biological effect of miR-211 remains poorly understood in
cervical cancer. In the study, the findings showed the miR-211
can inhibit growth, migration and invasion, and indicated the
crucial point of miR-211 in cervical cancer progression.

This research revealed the relative expression level of
SPARC was higher in cervical cancer tissues. SPARC can be
found widely expressed in tumors and could function as an
important member in regulating cell invasiveness, survival
and tumor-stroma interactions to expedite cancer progression.
Two different bioinformatics analysis software were used for
predicting the targets of miR-211. SPARC was looked for as the
potential gene effector which may participate in the biological

function of miR-211. We confirmed that SPARC was a direct
target, and the higher SPARC expression was confirmed
taking significant part in tumor invasion and metastasis in
certain cancers, such as gastric cancer (20), melanoma (27),
and hepatocellular carcinoma (28). In our study, overexpres-
sion of SPARC restored the inhibited proliferation, migration
and invasion function of miR-211, these results demonstrated
that SPARC is a direct functional target gene of miR-211 and
that miR-211 functions as a tumor suppressor through SPARC.

In conclusion, miR-211 acts as a tumor suppressor by
reducing cell growth, migration and invasion in cervical
cancer. Furthermore, we noted that miR-211 has an inverse
correlation with SPARC and targets it by binding to its 3'-UTR.
This newly identified miR-211 may provide further insight into
progression and offers a promising therapeutic target for the
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treatment of cervical cancer. Further study to investigate the
function of miR-211/SPARC in tumorigenesis and progression
of cervical cancer is needed.
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