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Abstract. – OBJECTIVE: The purpose of this 
study was to investigate the potential effects of 
miR-613 on the development of cervical squamous 
cell cancer (CSCC) and the relevant mechanism. 

PATIENTS AND METHODS: The expression 
level of miR-613 was detected in CSCC tissues 
and cells by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). Thereafter, online 
prediction software and Luciferase reporter as-
says were used to evaluate the possible tar-
get of miR-613, and the effects of the miR-613 
on SiHa cells were determined in vitro. Then, 
the changes of protein expression in cells were 
measured by Western blot. Finally, Cell Count-
ing Kit-8 (CCK-8), wound healing and transwell 
assays were performed to analyze cell prolifera-
tion, invasion, and migration.

RESULTS: It was found that compared with 
that in normal tissues and cells, miR-613 expres-
sion was found suppressed in CSCC tissues and 
cells. Based on bioinformatics and Luciferase re-
sults, miR-613 could target and bind to LETM1. 
Besides, it was found that miR-613 could regulate 
the expression of LETM1 in SiHa cells, and miR-
613 had a valuable suppressive effect on the pro-
liferation, invasion, and migration of SiHa cells 
through the subsequent experiments. However, 
when co-transfection of miR-613 mimics and LV-
LETM1 into SiHa cells, the anti-cancer effects of 
miR-613 on SiHa cells vanished.

CONCLUSIONS: Taken all, this research dis-
covered the function of miR-613 on CSCC by 
targeting LETM1, revealing that miR-613/LETM1 
signal pathway might be a potential therapeutic 
target for the diagnosis and treatment of CSCC.
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Introduction

Cervical cancer (CC) is a common malignan-
cy of the reproductive system of females, and 

based on statistics, it ranks fourth in terms of 
incidence and mortality rates among malignant 
tumors in females, with about 570,000 new 
cases and 310,000 deaths each year around the 
world. Besides, it has become a major disease 
endangering the health and life of females1. 
CC includes many pathological types, among 
which cervical squamous cell cancer (CSCC) 
is the most common one, accounting for 75-
80% of CC. Early-stage CSCC has dormant 
symptoms, so many CSCC patients were found 
with progressive invasive or metastatic carci-
noma during preliminary diagnosis. It has been 
reported in literature that after standard treat-
ment, the 5-year survival rate of early-stage 
CSCC patients without lymph node metastasis 
is 90%, while that of those with lymph node 
metastasis in the same period was only 50-
60%2. Given this, it is crucial to understand 
the exact mechanisms of the development, pro-
gression, recurrence, and metastasis of CSCC 
to develop effective diagnostic and therapeutic 
strategies.

Micro ribonucleic acids (miRNAs) are sin-
gle-stranded non-coding RNAs with about 21-23 
nt found in animals, plants and certain viruses, 
which can bind to the 3’ untranslated region 
(UTR) of corresponding target genes via com-
pletely or incompletely complementary to lead to 
the inhibition, activation or degradation of target 
mRNAs, thus modulating the proliferation, dif-
ferentiation, and apoptosis of cells3-5. In the past 
decade, rapid progress had been made in the stud-
ies on miRNAs and tumors, and miRNAs had 
become hotspots in the field of cancer research at 
present and may be markers for tumor diagnosis 
and new targets for treatment6-8.

MiR-613, originally reported to have a cor-
relation with lipid metabolism in cells9,10, has 
been proved to be certainly associated with the 
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development of tumors in evidence11-14. However, 
the physiological regulatory function of miR-613 
needed to be further explored.

Patients and Methods

CSCC Clinical Samples and Cell Lines 
CSCC clinical tissue samples obtained from 42 

CSCC patients undergoing diagnosed confirmed 
by pathology, as well as surgery at The First Af-
filiated Hospital of Jinzhou Medical University 
and para-cancerous tissue samples at more than 5 
cm from tumor tissues with no cancer cells were 
collected. Patients receiving chemotherapy or ra-
diotherapy treatment were excluded. The CSCC 
tissue samples and para-cancerous tissue samples 
were kept in –80ºC refrigerator. Declaration of 
Helsinki should be mentioned and respected. 
This investigation was approved by the Ethics 
Committee of The First Affiliated Hospital of 
Jinzhou Medical University, and signed written 
informed consents were obtained from all partic-
ipants before the study.

The CSCC cell line (siHa) together with normal 
human embryonic kidney cell line (293T) pur-
chased from American Type Culture Collection 
(ATCC; Manassas, VA, USA) were cultured with 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Gibco, Rockville, MD, USA) containing 10% fetal 
bovine serum (FBS; Gibco, Rockville, MD, USA) 
and 1% penicillin-streptomycin in a 5% CO2 in-
cubator at 37°C. Next, the cells were sub-cultured 
when the confluence was about 80%.

Transfection
The miR-613 mimics and LV-leucine bnzip-

per/EF-hand-containing transmembrane protein1 
(LETM1) were designed and synthesized by 
Shanghai GenePharma (Shanghai, China). The 
above plasmid was transfected into the SiHa cell 
line by using Lipofectamine RNAiMAX (Life 
Technologies, Gaithersburg, MD, USA) accord-
ing to the manufacturer’s instructions. In the in 
vitro functional test, cells were divided into NC 
group, miR-613 mimics (SiHa cell transfected by 
miR-613 mimics) group, and mimics + LETM1 
(SiHa cell transfected by miR-613 mimics and 
LV-LETM1) group. 

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) Analysis

The total RNAs were extracted from each 
group of tissues and cells using RNA extraction 

kits and reversely transcribed into complementa-
ry deoxyribose nucleic acids (cDNAs). QRT-PCR 
was carried out as per the instructions of SYBR 
Premix ExTaqTM (TaKaRa, Otsu, Shiga, Japan). 
With U6 as endogenous control, the relative ex-
pression level of miR-204 was calculated by 
2-ΔΔCt method. The primers used are shown be-
low: miR-613: 5’-CTTCGTCGGCTCTTCCATA-
CATACT-3’ (forward) and 5’-TTCACTTAGATA-
CAGCTACGT-3’ (reverse). U6: 5’-CTCGCTTC-
GGCAGCACATAT-3’ (forward) and 5’-TTGC-
GTGTCATCCTTGCG-3’ (reverse).

Western Blot Analysis
The cells in each group were washed with 

phosphate-buffered saline (PBS) for three 
times, and added with cell lysis buffer (Bey-
otime, Shanghai, China) containing protease 
inhibitors to extract total proteins, followed 
by denaturation at 100°C for 5 min. Equal 
amounts of proteins were separated via so-
dium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE), transferred to a 
polyvinylidene dif luoride (PVDF) membrane 
(Millipore, Billerica, MA, USA), blocked with 
5% bovine serum albumin (BSA; Sigma-Al-
drich, St. Louis, MO, USA) for 1 h, and added 
with anti-LETM1 primary antibodies for incu-
bation at 4°C overnight. The next day, horse-
radish peroxidase (HRP)-labeled secondary 
antibodies were added for incubation at room 
temperature for 1.5 h. Lastly, luminescent 
liquid was added, followed by exposure and 
photographing using a gel imager, the gray 
scale value was recorded, and the relative ex-
pression level was calculated.

Luciferase Reporter Assays
In TargetScan, miRDB, and microRNA web-

sites, it was found that LETM1 was a target gene 
of miR-613. MiR-613 mimics and miR-NC were 
transfected into leucine LETM1 wild-type and 
mutant cells, respectively. After 48 h, the medi-
um in the cell culture plate was removed, and the 
cells were washed with washing solution that was 
discarded, and added with 1× lysis buffer to each 
well for cell lysis. Then, the cells were shaken 
on a shaker at room temperature for 5-10 min, 
transferred to centrifuge tubes and centrifuged 
at 3000×g for 5 min, followed by discarding 
of the supernatant. Afterwards, the luminescent 
value of samples to be tested was determined 
according to the instructions of relevant kits and 
instruments. 
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Cell Proliferation 
At 24 h after transfection, about 2000 cells 

were seeded into a 96-well plate in miR-613 
mimics group, miR-613 inhibitor group and NC 
group, which were cultured in the incubator with 
5% CO2 at 37°C for 24 h. Then, each well was 
added with 10 μL cell counting kit-8 (CCK-8) 
solution (Dojindo Molecular Technologies, Ku-
mamoto, Japan) for incubation for 2 h. The opti-
cal density (OD) value at the wavelength of 450 
nm was measured. Cell proliferation rate (%) = 
(OD value in experimental group – OD value in 
blank control group) (OD value in control group – 
OD value in blank control group) ×100%.

Cell Migration 
The cells to be tested in each group were made 

into cell suspension with a cell density of 1×106 
cells/mL, added to a 6-well plate, and cultured 
overnight to form monolayer cells. Next, hori-
zontal lines were drawn on the monolayer cells 
using a 10 μL tip, and the cells were washed with 
PBS for 3 times to eliminate cells falling off due 
to scratching. Thereafter, the microscope was uti-
lized to take pictures, and the width of the scratch 
was measured. At last, the cells were cultured for 
12 h and then photographed to measure the width 
of the scratch.

Cell Invasion 
Each group of cells to be tested was prepared 

into suspension with a cell density of 1×106 cells/
mL using serum-free medium. Next, the cell 
suspension was added to the upper chambers 
paved with artificial basement membrane of a 

transwell insert, and the medium with 20% FBS 
was added to the lower chambers. Thereafter, the 
transwell insert was incubated at 37°C for 24 h. 
Subsequently, the cells at the bottom of the upper 
chambers were stained with 0.5% crystal violet, 
and the cells on the interior side of the upper 
chamber were removed with cotton swabs. Lastly, 
a microscope (Olympus, Tokyo, Japan) was used 
to observe and count the number of cells.

Statistical Analysis
Statistical analysis was performed with a Stu-

dent’s t-test or F-test. All p-values were two-sided 
and p<0.05 was considered statistically signifi-
cant and analyzed by GraphPad Prism 6.02 soft-
ware (La Jolla, CA, USA). 

Results

MiR-613 Expression Found Reduced in 
Both Tissues and Cells of CSCC

The popularity of miRNAs detection in re-
cent years has brought a lot of simplicity to the 
diagnosis of many diseases. Specific miRNAs 
abnormally expressed in one disease may be-
come the specific diagnostic marker or therapeu-
tic target for the disease. Based on this, 42 pairs 
of CSCC samples were harvested for detection. 
By comparing with non-tumor tissues, miR-613 
was significantly downregulated in tumor tissues, 
indicating that miR-613 might play as a tumor 
suppressor during progress of CSCC develop-
ment (Figure 1A). Besides, the expression level 
of miR-613 was also detected in cellular level. 

Figure 1. The expressions of miR-613 in cervical squamous cell cancer (CSCC) tissue samples and cells. A, Difference in the 
expression of miR-613 between CSCC tissues and para-cancer tissues. (***p<0.001). B, The expression of miR-613 in CSCC 
cells (SiHa) and normal human embryonic kidney cells (293T), (***p<0.01).
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When comparing the expression levels of miR-
613 in normal human embryonic kidney cell lines 
(293T) and CSCC cell line (SiHa), miR-613 was 
abnormally suppressed in SiHa. The results from 
in vivo and in vitro together point to the unique 
role of miR-613 in CSCC (Figure 1B).

LETM1 is a Direct Target of MiR-613 in 
CSCC Cell

For the study of miRNAs, the target genes 
would further deepen the understanding of the 
role of miRNAs. To investigate potential target of 
miR-613, three publicly available algorithms, Tar-
getScan, miRDB, and microRNA were chosen to 
elucidate the putative and possible targets. 

Based on bioinformatics results, it was pre-
dicted that miR-613 could target LETM1, and the 
Luciferase assay was conducted to further verify 
the targeted binding relationship of miR-613 to 
LETM1 (Figure 2A). The results from Luciferase 
activity revealed that it declined in LETM1 wild-
type cells transfected with miR-613 mimics while 
exhibited no change in LETM1 mutant cells 
transfected with miR-613 mimics. The above re-
sults suggested that miR-613 can target and bind 
to LETM1 (Figure 2B).

MiR-613 Decreased the Expression Level 
of LETM1

From the point of view of protein expression, 
the intervention of miR-613 mimics could effec-
tively reduce the expression level of LETM1. At 
the same time, the transfection of LV-LETM1 
could improve the protein expression level of 
LETM1 with the presence of miR-613 mimics 
(Figure 3A).

MiR-613 Suppressed Cell Proliferation of 
CSCC cells

Cell hyperproliferation is a feature of tumor 
cell growth. The OD values of SiHa cells at 5 time 
points (24 h, 48 h, 72 h, and 96 h) suffered differ-
ent treatments were detected by CCK-8 method, 
and the significantly low growth occurred in 
miR-613 mimics group. However, co-transfection 
of miR-613 mimics and LV-LETM1 counteracted 
the role of miR-613 in SiHa cells (Figure 3B).

MiR-613 Limited the Migration and 
Invasion of CSCC Cell

The invasive ability of SiHa cells was detected 
by transwell method, while the migrative ability 
of cells was detected by scratch healing exper-

Figure 2. LETM1 is a direct and functional target of 
miR-613. A, Diagram of putative miR-613 binding sites of 
LETM1. B, Relative activities of luciferase reporters (***p 
< 0.001). 

Figure 3. A, The protein expressions of LETM1 in cells after different treatment. (**p<0.01 vs. NC group; ### p<0.001 vs. 
miR-613 mimics group). B, MiR-613 decreases the proliferation of CSCC cell, (**p<0.01).
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iment. The invasion (Figure 4A) and migration 
(Figure 4B) of cells were limited after transfec-
tion of miR-613, i.e., the number of transmem-
brane cells was reduced, and the distance be-
tween scratches was expanded in miR-613 group. 
But in co-transfection group, the invasion, and 
migration of cells were revived.

The function analysis in vitro confirmed the 
carcinostasis effect of miR-613 on SiHa cells, 
the proliferation, invasion, and migration of cells 
were stricken in miR-613 group. LETM1, as a 
functional target of miR-613 in CSCC, could 
change the functional role of miR-613 on SiHa 
cells.

Discussion 

The novelty of this study was that for the first 
time the low expression of miR-613 in tissues and 
cell lines of CSCC was demonstrated. MiR-613 
had a valuable suppressive effect on the prolifer-
ation, invasion and migration of CSCC cells by 
affecting the expression of LETM1.

As the fourth most common malignant tumor 
in women, CSCC had an upward incidence rate in 
recent years. Besides, most patients tend to suffer 
progressive invasive cancer at diagnosis, even 
with metastasis, and lose the chance to receive 
operation. The metastasis of CSCC was a chal-
lenge in clinical practice and one of the causes 
of poor prognosis. As to its diagnosis, imaging 
examination can only find out abnormal sites 
(such as enlarged lymph nodes) but cannot differ-

entiate benign cancers and malignant cancers15. 
Squamous cell carcinoma antigen (SCC-Ag) is 
the unique serum marker with clinical value for 
CSCC2,16, but a meta-analysis17 manifested that 
the combined sensitivity of SCC-Ag for CSCC 
lymph node metastasis was only 60% and the 
diagnostic value was arguable. 

MiRNAs have influences on almost all types 
of cellular pathways, including the development 
of cells and tumors18-20. Paul et al21 found that the 
dysregulation of miRNAs had a causal correla-
tion with many diseases, and in the early stages 
of diseases, miRNAs can provide valuable in-
formation to prevent the progression and spread 
of diseases. The relationships of miRNAs with 
tumors had attracted much attention since their 
discovery, and they regulate all processes in the 
development and progression of tumors. Cur-
rently, studies on miRNAs mainly focus on the 
screening of expression profiles of differentially 
expressed miRNAs between tumor tissues and 
normal tissues (or adjacent tissues)22. This is im-
portant for the diagnosis and prognosis judgment 
of tumors and is expected to provide new strate-
gies for targeted therapy of tumors. Generally, it 
is believed that down-regulated miRNAs serve 
as tumor suppressor genes and exhibit anti-can-
cer effects, while upregulated miRNAs act as 
tumor-promoting genes and exhibit carcinogenic 
effects.

The difference in the expression between pro-
to-oncogenes and tumor suppressor genes plays 
an important role in the development and pro-
gression of most tumors. Coincidentally, 19% of 

Figure 4. MiR-613 affects the invasion and migration of CSCC cell. LETM1 overexpression attenuated the suppressive effect 
of miR-613 on SiHa cell. A, The migration test by scratch healing assay (magnification: 40×). B, The invasion test by transwell 
assay, (*p<0.05 vs. NC group; #p<0.05 vs. miR-613 mimics group).
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miRNAs are close to the regions that are the most 
susceptible to variation or mutation (deletion, am-
plification, and translocation) of proto-oncogenes 
and tumor suppressor genes in tumors, implying 
that miRNAs may regulate the expressions of 
proto-oncogenes and tumor suppressor genes. 
Bio-functional enrichment analysis and signal 
pathway enrichment analysis on the intersection 
of miRNA target genes predicted via bioinfor-
matics analysis and verified through assays can 
provide guidance for further research on miR-
NAs23.

The function of mitochondria is essential 
for all cells due to common energy require-
ments. Mitochondria are crucial participants in 
cell growth, division, energy metabolism, and 
apoptosis. Therefore, mitochondrial dysfunction 
would lead to various human diseases, including 
cancers24. As a mitochondrial inner membrane 
binding protein, LETM1 is located on human 
chromosome 4p16.3, which is one of the genes 
deleted on chromosomes in patients with Wolf-
Hirschhorn syndrome25,26. LETM1 is able to reg-
ulate the biosynthesis and translation system of 
mitochondria and participate in the transport of 
Ca2+ and K+ in cells27. In accordance with studies 
on tumors, the glycolysis in the mitochondria 
in tumor cells with a high protein expression of 
LETM1 was enhanced, giving rise to increased 
ATP to affect the ratio of NADH/NADPH, ac-
tivating PTEN and the PI3K/protein kinase B 
(Akt) signal transduction pathway, which leads 
to sustained activation of Akt and represses cell 
apoptosis and tumor cell invasion28,29.

In this research, miR-613 was lowly expressed 
in both CSCC tissues and cells. In subsequent 
experiments, LETM1 was screened to be a func-
tional target of miR-613. Besides, it was found 
that miR-613 could regulate the expression of 
LETM1 in SiHa cells, and miR-613 had a valu-
able suppressive effect on the proliferation, in-
vasion, and migration of SiHa cells. However, 
when co-transfection of miR-613 mimics and LV-
LETM1 into SiHa cells, the anti-cancer effects of 
miR-613 on SiHa cells were vanished.

Conclusions

Briefly, miR-613/LETM1 axis can effectively 
inhibit the malignant behavior of CSCC cells in 
vitro, providing some experimental evidence for 
the diagnosis and treatment of miR-613/LETM1 
axis in CSCC.
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