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| Abstract: In recent years, studies have found that miR-RNA plays a role in cell proliferation, differentiation, apoptosis and metabolism. Among them, miR-196a

is closely related to cervical cancer. Therefore, this experiment investigates the effect of mir-196a expression on cervical cancer cells and related mechanisms. The
expression level of miR-196a in the cervical cancer cell line was assayed with the RT-PCR method, and liposome transfection was used to investigate its up-regu-
lation or down-regulation in cervical cancer cells. The CCK-8 method and flow cytometry were used to measure cervical cancer cell proliferation and apoptosis,
while the Transwell assay was used to determine cell migration and invasion of each transfection group. Bioinformatics was used to predict the target gene of
miR-196a, which was verified using dual luciferase report experiment and Western blot, and miR-196a was further transfected with si-LRIG3 to detect its reversal
effect on miR-196a regulation. Inhibition of the expression of miR-196a significantly reduced the proliferation, migration and invasion of cervical cancer cells,
and promoted their apoptosis. Results from dual luciferase assay showed that miR-196a and LRIG3 had direct targeting effects. Cell proliferation, migration and
invasion were enhanced by a reduction in the expression level of LRIG3 protein after miR-196a inhibitor cells were transfected with si-LRIG3. The expression of
miR-196a is up-regulated in cervical cancer, and it promotes the growth of cervical cancer by its targeting effect on LRIG3 expression, resulting in enhancement

of the proliferation, migration and invasion ability of cervical cancer cells, and inhibition of apoptosis.
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Introduction vels of specific proteins (2). A large number of studies
have confirmed that miRNAs play important regulatory
Cervical cancer is one of the most common mali- roles in biological processes such as differentiation, de-
gnant tumors in women. The global new incidence has velopment, and homeostasis of various cells (3). The re-
exceeded 500,000 annually, with an estimate of 300,000 lationship between miRNA and tumor diagnosis, treat-
deaths. Moreover, the age of onset of the disease is now ment and prognosis has attracted a lot of research inte-
reduced. The risk factors for cervical cancer are human rest. The expression of miRNA is tissue-specific, that
papillomavirus (HPV) infection, smoking and multiple is, the expression level of the same miRNA in different
pregnancies (1). At present, the main treatment for pa- tumor tissues differs, and the expression levels of dif-
tients with early cervical cancer is radical hysterectomy, ferent miRNAs in the same tumor tissue are different. In
and for patients with local progression or advanced addition, miRNAs play different functions in different
stage, it is mainly radiotherapy or chemotherapy. Due to stages of the tumor. Thus, miRNAs have great poten-
tumor metastasis or drug resistance of tumor cells, the tial for use in monitoring tumor progression. In recent
S-year survival of cervical cancer patients is not high. years, more and more studies have shown that miRNAs
Therefore, it is very important to identify new molecular perform important regulatory roles in cervical cancer.
markers that can be used for early diagnosis and treat- MiR-196a is differentially expressed in various ma-
ment of cervical cancer targets, to improve the survival lignant tumors. Previous studies have found that miR-
of cervical cancer patients. The occurrence of cervical 196a is up-regulated in gastric cancer, colon cancer,
cancer is a complex process involving the dysregula- breast cancer and pancreatic cancer (4-8). It targets and
tion of multiple gene expressions. With advancements reduces the expressions of the tumor suppressor genes
in molecular biology, some progress has been made on p27, FOXOI1 and INGS, thereby promoting tumor cell
the molecular mechanism of cervical cancer, but there proliferation, migration and invasion. Thus, it functions
are still many unclear issues. as a cancer-promoting gene. There is currently no sys-
MicroRNAs (miRNAs) are a class of single-stranded tematic report on the regulatory mechanism and clinical
non-coding RNAs of 18 to 25 nucleotides in length, value of miR-196a in cervical cancer. Therefore, this
and they are highly conserved. They bind to the 3-URT study was aimed at investigating the effect of miR-196a
region of the messenger RNA (mRNA) of their target on various biological functions of cervical cancer cells,
genes, leading to mRNA degradation or inhibition of and the possible mechanism (s). This was done by re-
protein synthesis, thereby regulating the expression le- gulating the expression of miR-196a in cervical cancer
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cells through liposome transfection, determination of
changes in the proliferation, apoptosis, migration and
invasion ability of cervical cancer cells at different miR-
196a expression levels, and preliminary identification
of the regulatory mechanism (s) involved.

The leucine-rich repeats and immunoglobulin-like
domains 3 (LRIG3) belongs to the LRIGx family. Stu-
dies have shown that LRIGx genes are under-expressed
in a variety of malignant tumors. The chromosome of
LRIG3 is located at 12q13.2. This region is also the most
common site for gene deletion in many human tumors.
Therefore, it can be preliminarily inferred that LRIG3
may be closely related to the occurrence of some human
tumors. At present, LRIG3 has been studied in glioma,
pituitary adenoma, etc., but it is rarely studied in cervi-
cal cancer. Both LRIG3 gene and miRNA are closely
related to tumors. The relationship between LRIG3 and
miRNA is currently unclear.

Materials and Methods

Cell lines and cell culture

Human cervical cancer cells Hela, CaSki, HCC94,
C33A and normal cervical cells Ectl/E6E7 were all
purchased from American ATCC. The cells were cultu-
red in DMEM containing 10% fetal bovine serum and
placed in a constant temperature incubator at 37°C and
5% CO,. The culture medium was changed every 2-3
days.

qRT-PCR

Total cell RNA was extracted using the Trizol method,
and the PrimeScript RT kit was used for reverse trans-
cription of the RNA to cDNA. The components of the
PCR reaction system were added to a 96-well plate, and
the RT-PCR reaction was carried out using the SYBR
Green method. The reaction conditions were: 95°C for
10 min, followed by 40 cycles; 95°C for 30 sec, and
60°C for 1 min. The PCR primer was designed by Shan-
ghai Shenggong Biological Engineering Co. Ltd. The
sequences of the primer used were: miR-196a forward:
5°-TCC AGT TCG GGA AGT GAA GTG A-3’reverse:
5’-GTC CAAAGT GGT ATT GCC ACT A-3’;GAPDH
(internal reference) forward: 5°-CTC CAG TAC GTA
AGT GCA GAG CT-37; reverse, 5’-CAG TGA CAC
ACG TTG CGT TGT C-3".

Each sample was analyzed in triplicate.

Cell transfection

Cells in the logarithmic growth phase were trypsi-
nized and made into a cell suspension which was seeded
into a 6-well plate at a density of 5x10° cells/well. The
cells were transfected when the degree of cell fusion
was about 80%. The transfection process was carried
out strictly following the instructions of the Lipofecta-
mine 2000 transfection kit. The cells were divided into
4 groups and were transfected with miR-196a mimics
and its negative control miR-196a-con, miR-125b inhi-
bitor and its negative control miR-196a inhibitor-con.
The cells were cultured in an incubator containing 5%
CO,at 37°C.

Cell proliferation experiment
After transfection, each group of cells was made into

a single-cell suspension and seeded in a 96-well plate
at a density of 1x10° cells/well. Three duplicate wells
were set for each group. The cells were cultured in a
carbon dioxide incubator at 37°C and 5% CO,. At 0, 24,
48, and 72h, 10ul of CCK-8 solution (0.5mg/ml) was
added to each well, and culturing was continued for 4
h. Thereafter, the absorbance of each well was read at
450nm (A450nm) and the results were used to construct
cell growth curves.

Determination of apoptosis

Cells in each group were cultured with 3% low-
concentration serum culture solution for 48 hours, di-
gested with trypsin, washed twice with PBS buffer, and
resuspended in 100ul of 1 x binding buffer. Then, the
cells were stained with Annexin V/PI double stain. An-
nexin V and PI were added to the cell suspension, mixed
well, and incubated at room temperature in the dark for
15 minutes. The cells were then subjected to flow cy-
tometric analysis within 1h at extinction and emission
wavelengths of 488nm and 530nm, respectively.

Cell cycle detection

Cells in each group were centrifuged at 2000 rpm
for 5 min, and the supernatants were discarded. The cell
pellets were washed 3 times with PBS buffer and fixed
with 75% ice ethanol for 2h in line with the instructions
in the PI single-stain kit. The cells were centrifuged
again at 2000 rpm for Smin, washed thrice with PBS and
stained with 150ul of PI dye, followed by incubation
at room temperature in the dark for 30 min. Thereafter,
flow cytometry was performed to detect the percentage
of cells in each stage of the cell cycle.

Transwell assay

Matrigel was diluted to a concentration of 1 mg/ml
with a serum-free medium on ice. Then, 40ul of Matri-
gel was added to the upper chamber of the Transwell
and spread evenly. The gel was allowed to stand at
room temperature for 2 hours for it to be fully solidi-
fied. Then, each group of cells in a good growth state
was made into a single-cell suspension, and the cell sus-
pension was added to the glue along the sidewall of the
cell at a density of 4x10° cells/mL. Medium containing
20% FBS as a chemokine (600pul) was put in the lower
chamber, followed by incubation in a 5% CO, incubator
at 37°C for 24 hours. The culture medium in the lower
chamber was aspirated, and the cells were washed thrice
with PBS, fixed with 4% paraformaldehyde for 30 min,
stained with crystal violet for 30 min, mounted over
neutral resin, and examined under an inverted micros-
cope at a magnification of X200. The number of dye-pe-
netrating cells in 6 randomly selected visual fields were
calculated. Each experiment was repeated 3 times, and
the mean value was taken.

Dual-luciferase verification of target genes

The LRIG3 wild type and mutant 3'URT were cloned
into the psiCHECK-2 vector to construct wild type and
mutant LRIG3-3"URT reporter gene plasmids, in line
with the luciferase reporter gene detection kit. MiR-
196a NC was co-transfected with cervical cancer cells,
and enzyme activity was tested after 48 hours of culture.
Three replicate wells were set for each sample.
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Western blotting

Total protein was extracted from cervical cancer
cells using RIPA cell lysis. The protein concentration
of the lysate was determined with the BCA method, and
the protein (50ug) was subjected to SDS-PAGE and
transferred to PVDF membrane. The membrane was
incubated with the LRIG3 primary antibody (1: 1000)
overnight at 4°C. After washing twice with PBS and
TBST, the membrane was incubated with horseradish
peroxidase (HRP)-labeled goat anti-rabbit secondary
antibody (1: 10000) at room temperature on a horizon-
tal shaker for 2h, and washed with ECL chemilumi-
nescence reagent for color development. Quantity One
software was used for grayscale analysis. The internal
standard was GADPH.

Statistical analyses

Using SPSS 19.0 statistical software analysis, all
data are expressed as mean =+ standard deviation (x £
SD). A comparison between the two groups was done
with a #-test. A value of p < 0.05 was considered statis-
tically significant.

Results

miR-196a is up-regulated in cervical cancer cell lines
Results from RT-PCR showed that the expression
level of miR-196a in the four cervical cancer cell lines
Hela, CaSki, HCC94 and C33 A were significantly higher
than those in normal cervical cells Ectl/E6E7, and it
was most upregulated in Hela cells (p<0.05). Thus, Hela
cells were used in the follow-up experiments. After cell
transfection, RT-PCR was used to assay the expression
level of miR-196a in each transfection group. The re-
sults showed that after transfection with miR-196a mi-
mics, the level of miR-196a in cervical cancer cell HeLa
was significantly higher than that in the negative control
group. The level of miR-196a in cells after transfection
with miR-196a inhibitor was significantly lower than
that in the negative control group (p<0.05; Figure 1 B),
indicating that the transfection was successful.

miR-196a promoted Hela cell proliferation

Results from the CCK-8 test showed that in the miR-
196a mimics group cells, from the 2" day, proliferation
was significantly higher than that in the negative control
group. In contrast, proliferation in the miR-196a inhi-
bitor group cells from the 2nd day was significantly
lower than that in the impression control group, as
shown in Figure 2 (A). The results of the plate clone
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Figure 1. Expression of miR-196a in cervical cancer cell lines. (A)
Expressions of MiR-196a in 4 cervical cancer cell lines. (B) Ex-

pression of miR-196a in Hela cells of different transfection groups.
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Figure 2. Effect of miR-196a expression on the proliferation of
g
cervical cancer cells. (A) Growth curve of cells in different trans-
fection groups. (B) Comparison of cell clone formation amongst
different transfection groups.

experiment showed that the number of clones formed
in the miR-196a mimics group was significantly higher
than that in the mimics control group, while the num-
ber of clones formed in the miR-196a inhibitor group
was significantly lower than that in the inhibitor control
group (p<0.05). As shown in Figure 2 (B), miR-196a
promoted the proliferation of cervical cancer cells.

miR-196a inhibited cervical cancer cell apoptosis

Flow cytometry was used to detect apoptosis. The
results showed that the percentage of apoptosis in the
miR-196a mimics group was significantly lower than
that in miR-196a mimics control group (p<0.05). The
percentage of apoptosis in the miR-196a inhibitor group
was significantly higher than that in the miR-196a inhi-
bitor control group (p<0.05). These results are shown
in Figure 3. They suggest that miR-196a inhibited the
apoptosis of cervical cancer cells.

miR-196a affected cell cycle in cervical cancer cells

Flow cytometry was used to detect changes in the
cell cycle. The results showed that the proportion of
cells in the S phase in the miR-196a mimics group was
significantly increased, while the proportion of cells in
the S phase of the miR-196 inhibitor group was signifi-
cantly decreased (p<0.05). Cells in the miR-196 inhibi-
tor group were mostly blocked in the G1/GO phase, as
shown in Figure 4. These results show that miR-196a
promoted the proliferation of cervical cancer cells by
enhancing cell progression from the G1/G0 phase to the
S phase.
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miR-196a promoted cervical cancer cell migration
and invasion

Transwell migration experiment showed that after
transfection with miR-196a mimics, the number of cer-
vical cancer cells that migrated was significantly higher
than that in the negative control group. After transfec-
tion with miR-196a inhibitor, the number of cervical
cancer cells that migrated was significantly lower than
that of the negative control group (p<0.05), as shown
in Figure 5 (A). Transwell invasion experiment results
showed that the number of cells crossing the membrane
in the miR-196a mimics group was significantly higher
than that in the negative control group. However, the
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Figure 5. Number of cervical cancer cells that migrated and in-
vaded in each group. (A): Comparison of cell migration amongst
different transfection groups; (B): comparison of cell invasion

amongst different transfection groups.

number of cells crossing the membrane in the miR-196a
inhibitor group was significantly lower than that in the
negative control group (p<0.05; Figure 5 B), suggesting
that miR-196a enhanced the migration and invasion of
cervical cancer cells.

Direct targeting relationship between miR-196a and
LRIG3

The target gene of miR-196a was analyzed using the
bioinformatics software Target Scan. It was found that
LRIG3 and miR-196a had binding sites which may be
one of their target genes. Double luciferase experiment
results showed that miR-196a significantly reduced
the activity of wild-type LRIG3 plasmid luciferase
(»<0.05). There was no significant effect on the acti-
vity of mutant luciferase (p>0.05). Western blot results
showed that after transfection with miR-196a mimics,
the expression level of LRIG3 protein in Hela cells was
significantly reduced, as shown in Figure 6. Thus, miR-
196a negatively regulated the expression of LRIG3.

LRIG3 promoted cervical cancer cells by blocking
miR-196a

In order to further confirm that miR-196a exerted its
regulatory effect on cervical cancer cells by targeting
LRIG3, the expression of LRIG3 was inhibited with cell
transfection in the miR-196a inhibitor group cells, and
the effects of transfection on the proliferation, migration
and invasion ability of each group of cells were deter-
mined. The results showed that inhibition of the expres-
sion of LRIG3 led to marked enhancements of the proli-
feration, migration and invasion capabilities of cervical
cancer cells when compared with the miR-196a inhibi-
tor group (p<0.05; Figure 7). Thus, miR-196a enhanced
the viability of cervical cancer by targeting LRIG3.

Discussion

Factors such as persistent infection with high-risk
HPV viruses and changes in host and environment sti-
mulate tumor growth, invasion and metastasis of cer-
vical cancer cells. In addition, epigenetic regulation
mechanisms affect cervical cancer progression through
oncogene activation and tumor suppressor gene inacti-
vation (9). Studies have found that miRNAs play an im-
portant role in cervical cancer cell apoptosis, cell cycle,
tumor metastasis, radiotherapy, chemotherapy, and drug
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Figure 6. miR-196a regulated LRIG3. (A) Direct targeting of miR-
196a to LRIG3, as verified using dual luciferase; (B) effect of miR-
196a on the expression of LRIG3 protein.
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Figure 7. LRIG3 blocks miR-196a to promote cervical cancer cells.
(A) effect of miR-196a on the expression of LRIG3 protein;(B)
effects of LRIG3 Expression on Cervical Cancer Cells.

resistance. Different miRNAs play different regulatory
roles. Studies have found that miR-31 expression is
significantly increased in cervical cancer cell lines. It
inhibits the expression of the pro-apoptotic protein Bax,
thereby promoting cell proliferation and reducing cell
apoptosis (10). Gao et al. found that the expression of
miR-34 was down-regulated in cervical cancer. After
over-expression of miR-34 by cell transfection, the
invasiveness of tumor cells was reduced. The possible
mechanism was identified as the targeted regulation
of the expression of Notch and Jaggedl proteins (11).
Wang et al. found that miR-214 induced cervical cancer
cell apoptosis by inhibiting Bcl2 expression and increa-
sing the sensitivity of cervical cancer cells to cisplatin
(12). These studies have shown that miRNAs play an
important regulatory role in the pathogenesis of cervi-
cal cancer. The miRNAs can be used for the auxiliary
diagnosis and prognosis of cervical cancer. They have
wide clinical application prospects and can be used as
new therapeutic targets.

Recent studies have shown that miR-196a is highly
expressed in various malignant tumors. It promotes tu-
mor growth and metastasis and enhances the resistance
of certain tumor cells to chemotherapy drugs. Measu-
rement of levels of miR-196a in tumor tissues helps in
assessing patients’ disease state and prognosis (13-14).
Sun et al. found that miR-196a was highly expressed in
gastric cancer tissues. The miR-196a expression has a
positive correlation with tumor size and clinical stage of
patients. Kaplan-Meier survival curve analysis revealed
that miR-196a was negatively correlated with patient
survival (15). Bu et al. found that miR-196a was hi-
ghly expressed in esophageal cancer cell lines. Studies
have shown that miR-196a promoted the proliferation,
migration and invasion of esophageal cancer cells by
targeting the expression of Ras-related protein (RaplA)
(16). Wang et al. used miRNA chips and RT-PCR to
show that miR-196a was highly expressed in pancreatic
cancer cell PANC-1. After reducing the expression of
miR-196a by cell transfection, the proliferation and mi-
gration ability of pancreatic cancer cells were reduced,
and the EMT process was inhibited (17). Another study
found that miR-196a was up-regulated in non-small

cell lung cancer. Through targeted down-regulation of
HOXAS gene expression, miR-196a promoted cell pro-
liferation and invasion and inhibited lung cancer cell
apoptosis (18).

This study found that miR-196a was up-regulated in
cervical cancer cell lines, indicating that it may function
as an oncogene. The expression of miR-196a in cervical
cancer cells was up-regulated and down-regulated by
liposome transfection. It was observed that when miR-
196a was overexpressed, the proliferation, migration
and invasion of cervical cancer cells were significant-
ly enhanced, while apoptosis was inhibited. However,
when miR-196a expression was silenced, these results
were reversed i.e. when miR-196a expression was
suppressed in cervical cancer cells, cell proliferation,
migration and invasion were reduced, and apoptosis
was accentuated. Cell cycle results showed that after
overexpression of miR-196a, the proportion of cervical
cancer cells in the S phase increased significantly, and
the proportion of cells in the G1/GO phase was signifi-
cantly reduced, indicating that miR-196a promoted cell
progression from G1/GO phase to the S phase, thereby
enhancing the proliferation of cervical cancer cells.

Bioinformatics predicted that LRIG3 may be the tar-
get gene of miR-196a. The dual-luciferase experiment
revealed that miR-196a significantly reduced the activi-
ty of wild-type LRIG3 plasmid luciferase, and had a di-
rect targeting effect. After overexpression of miR-196a,
the expression of LRIG3 protein in cervical cancer cells
was significantly reduced. Furthermore, when the cells
of the miR-196a inhibitor group were transfected with
si-LRIG3 again, it was found that LRIG3 blocked the
promoting effect of miR-196a on cervical cancer cells.
This is further evidence that miR-196a regulated cervi-
cal cancer by controlling the expression level of LRIG3.

In conclusion, this study has shown that miR-196a is
up-regulated in cervical cancer cells and that it enhances
proliferation, migration and invasion of cervical cancer
cells. Reduction of miR-196a expression inhibits the
proliferation, migration and invasion of cervical cancer
cells, and promotes their apoptosis through a mecha-
nism related to the targeting effect LRIG3. These fin-
dings have potential applications in the effective treat-
ment of cervical cancer.
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