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Abstract. – OBJECTIVE: To investigate the effects of miR-32-5p on the biological behaviors of
cervical cancer (CCa), the relevant mechanism
was studied in CCa cell lines (HeLa) in vitro.
PATIENTS AND METHODS: The expression
level of miR-32-5p was detected by quantitative
reverse transcription polymerase chain reaction
(qRT-PCR). TargetScan, miRDB, microRNA databases and Luciferase method were conducted to
predict and validate the target gene of miR-325p; the effects of miR-32-5p on cell proliferation,
clone formation, invasion and migration capacity were analyzed in vitro study.
RESULTS: We found miR-32-5p to be significantly inhibited in CCa tissues and cells. Bioinformatics approach together with Luciferase
method screened Homeobox B8 (HOXB8) as a
downstream regulatory target of miR-32-5p. Besides, HOXB8 was incredibly high expression in
CCa tissues and cells. After transfection in HeLa cells by miR-32-5p mimics, HOXB8 expression was indicated to be negatively correlated
with miR-32-5p both in qRT-PCR and Western
blot (WB) assays. The subsequent experiments
showed that decreased expression of HOXB8
resulting from up-regulation of miR-32-5p could
weaken the cell proliferation, clone formation,
invasion and migration ability of HeLa cells.
CONCLUSIONS: MiR-32-5p could inhibit the
cellular malignant behavior through regulating
the expression of HOXB8 in HeLa cells. We provide a new clue for the study of molecular mechanisms of CCa. MiR-32-5p/HOXB8 axis might
serve as potential target for the clinical diagnosis and treatment of CCa.
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Introduction
Cervical cancer (CCa) is one of the most common female cancers in the world, especially in
China1-3. According to incomplete statistics of the
World Health Organization, there were approximately 530,000 new CCa patients every year
around the world, and the number increased progressively year by year at a rate of 5% of total
female population, showing a younger trend4, 5.
At the same time, about 270,000 people died of
CCa every year, and its cancer mortality ranked
third6,7. Although the major risk factor for human-induced CCa in clinic was the persistent
infection of high-risk human papillomavirus
(HPV)8,9, evidence suggested that the simple infection of HPV was insufficient to induce the
malignant transformation of normal cervix alone,
which might be caused by changes in other genes
in CCa4,10. Therefore, the molecular mechanism of
CCa invasiveness remains to be further clarified
and confirmed using more tumor-specific molecular markers. Micro ribonucleic acid (miRNA) is a
kind of universally-expressed endogenous shortchain non-coding RNA molecular fragment with
targeted intervention in the post-transcriptional
regulation of 3’-untranslated region (UTR) of the
target gene, which exerts effects in the gene expression, post-transcriptional regulation, protein
activity and expression regulation11. Researches
had demonstrated that miRNA played an important role in a variety of diseases, including cancer,
and was mainly involved in inhibiting the gene
expression at the post-transcriptional level, thereby regulating the cell growth, proliferation, cell
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cycle regulation, differentiation and apoptosis12-16.
Moreover, it was found in the study on CCa and
its precancerous lesions that a large number of
miRNAs were abnormally expressed and participated in the incidence and development of CCa
through affecting the expression level of target
genes17-22. MiR-32-5p, as one of the miRNA molecules, was associated with tumorigenesis in different cancer types including hepatocellular carcinoma (HCC)23, clear cell renal cell carcinoma
(ccRCC)24 and pancreatic cancer (PC)25. However,
few of evidence about the role of miR-32-5p in
the development of CCa and its related molecular
mechanisms were mentioned. Here, we analyzed
the expression of miR-32-5p in CCa and investigated the effects of miR-32-5p on the biological
behaviors of CCa cell lines. Furthermore, some
related molecular mechanisms involved were described as well.

Patients and Methods
CCa Tissues and Cells
80 cases of human CCa tissues and adjacent
normal tissues (more than 5 cm from tumor tissues were necessary) were collected from July
2015 year to April 2017 year in Affiliated Hospital of North Sichuan Medical College. Preoperative chemotherapy or radiotherapy treatment was
forbidden. All patients had signed informed consent and Ethics Committee approval was given by
our hospital. The CCa cell lines (siHa) together
with normal human embryonic kidney cell lines
(293T) were purchased from Shanghai University
of Chinese Academy of Sciences Library (Shanghai, China). All cells were cultured in Roswell
Park Memorial Institute-1640 (RPMI-1640) medium (containing 10% fetal bovine serum (FBS),
100 mg/mL streptomycin and 100 IU/mL penicillin) (Gibco, Rockville, MD, USA) and placed in
a 37°C, 5% CO2 incubator. Cells in logarithmic
growth phase were used for experiments.
Target Prediction and Luciferase
Reporter Assays
Target biogene prediction of miR-32-5p was
performed using bioinformatics prediction software TargetScan (http://www.targetscan.org),
miRDB (http://www.mirdb.org/) and microRNA
(http://www.microrna.org/), and appropriate target gene [Homeobox B8 (HOXB8)] was screened.
HeLa cells in logarithmic growth phase were
seeded in 24-well plates. When the cell conflu88

ence reached 50-70%, transient transfection was
performed according to the transfection reagent,
miR-32-5p mimics/NC and pmirGLO-BMF plasmid (wt)/(mut) were synthesized and co-transfected into HeLa cells, respectively. Luciferase activity was detected in a multi-function microplate
reader according to the dual luciferase activity
assay kit instructions.
Transfection
MiR-NC, miR-32-5p mimics and plasmid pcDNA3.1-HOXB8 were synthesized by Genepharma and were transfected by using Lipofectamine
RNAiMAX (Life Technologies, Gaithersburg,
MD, USA) according to the manufacturer’s instructions. In brief, HeLa cells were seeded into
6-well plates and cultured to a cell density of 5070%. 10 μL of miRNA-NC transfected cells were
added to each well of the NC group, 10 μL of
miR-32-5p mimics were added to each well of the
mimics group, mimics + LV-HOXB8 group was
transfected with plasmid pcDNA3.1-HOXB8 and
miR-32-5p mimics.
Quantitative Reverse Transcription
Polymerase Chain Reaction (qRT-PCR,
qPCR) and Western blot (WB) Analysis
The expression levels of mRNA and protein
were measured 48 h after transfection. For qRTPCR analysis: total RNA was extracted from cell
lines and tissue samples by TRIzol (Invitrogen,
Carlsbad, CA, USA) and its concentration was
quantitatively determined in accordance with the
manufacturer’s protocol. qRT-PCR analysis was
performed using the SYBR green kit (TaKaRa,
Otsu, Shiga, Japan). U6 snRNA and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) serve
as internal references for miR-32-5p and HOXB8,
respectively. Results obtained were calculated by
formula (RQ=2-ΔΔCt). For WB analysis: 48 h after
transfection, the total protein was extracted from
cells, and the protein concentration was detected
using the bicinchoninic acid (BCA) protein quantitative detection kit (Pierce, Rockford, IL, USA).
20 μg proteins were taken for 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE), transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore, Billerica, MA, USA), sealed with 5% skim milk powder at room temperature for 3-4 h and washed
with Tris-buffered saline and Tween 20 (TBST)
for 10 min. Next, the mouse anti-human HOXB8
monoclonal primary antibody (1:1000) was added
for incubation on the shaking table at 4°C over-
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night. The horseradish peroxidase (HRP)-labeled
goat anti-mouse secondary antibody (1:5000) was
also added for incubation on the shaking table at
4°C for 2 h. The color was developed using the
enhancedchemiluminescence (ECL) developing
solution (Thermo Fisher Scientific, Waltham,
MA, USA). Finally, the value was standardized
using the internal reference GAPDH band.
Cell Proliferation
HeLa cells were prepared into 1×104/mL cell
suspension and inoculated into a 96-well plate
(100 μL/well). Cells were divided into 3 groups,
and 6 repeated wells were set in each group. At
24 h after transfection, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)
reagent (5 mg/mL) was added (10 μL/well) for
incubation for another 3-4 h. After the culture
solution was discarded, 150 μL dimethyl sulfoxide (DMSO) were added each well and vibrated
on a shaking table at room temperature for 15
min. Finally, the absorbance value of each well
was detected using an enzyme-linked immunosorbent assay instrument.
Clone Formation
24 h after transfection, cells in each group
were digested, counted, prepared into 200/mL
cell suspension and inoculated into a 6-well plate.
3 repeated wells were set in each group. After
routine culture for 2 weeks, the culture was terminated when there were cell families visible to
the naked eye. After that, cells were fixed in phosphate-buffered saline (PBS) containing 4% paraformaldehyde and stained with 0.1% crystal violet
for 30 min. The excess dye was washed away with
phosphate-buffered saline (PBS), and cells were
counted under a microscope.
Cell Invasion and Migration Assays
Cell migration and invasion abilities were
measured using a Transwell chamber (Corning,
Corning, NY, USA) with a pore size of 8 μm, in
which 500 μL of serum-free medium were added
to the upper chamber while 800 μL of 1640 medium containing 10% fetal bovine serum (FBS)
was added to the lower chamber. After 48 h of
transfection, 5×105 cells were added to the chamber after they were counted; 24 h later incubation,
the chamber was removed, and the unmigrated
cells in the upper part of the chamber membrane
were removed and fixed in ethanol for 15 min, followed by trypan blue staining. The cell invasion
assay used a transwell chamber previously coated

with matrigel glue and the remaining steps were
basically the same as those in migration assay. Finally, five fields of view were randomly selected
under an inverted microscope (×200) for counting, and the average was calculated.
Statistical Analysis
Statistical analysis was performed with a Student’s t-test or F-test. All p-values were two-sided and p<0.05 were considered significant and
analyzed by Prism 6.02 software (La Jolla, CA,
USA).

Results
MiR-32-5p Expression Found Reduced
Both in Tissues and Cells of CCa
QRT-PCR was used to detect the expression
of miR-32-5p in CCa tissues and paired adjacent
non-tumor tissues in 80 patients. The results
showed that the expression of miR-32-5p was significantly oppressed in CCa tissues compared to
the matched adjacent normal tissues (Figure 1A).
Meanwhile, the expression level of miR-32-5p in
CCa cell lines was consistent with the results of
tissue inspection (Figure 1B). These results suggested that the expression of miR-32-5p was significantly down-regulated in CCa.
HOXB8 is a Direct Target of miR-32-5p
in CC Cell
TargetScan (http://www.targetscan.org), miRDB
(http://www.mirdb.org/) and microRNA (http://
www.microrna.org/) bioinformatics approach databases were used to elucidate the putative and possible targets of miR-32-5p and HOXB8 was checked
as a supposed target of miR-32-5p (Figure 2A). Immediately after the prediction, luciferase reporter
assays, as the gold standard experiment for the identification of miRNA target genes, was performed.
The results first clarified the achievable transfection
efficiency of mimics (Figure 2B). The next core result showed that increased the expression of miR-325p with mimics resulted in the decrease of the luciferase activity of the wide-type, but it had no effect
on mutant-type (Figure 2C). These findings demonstrated the direct targeting of miR-32-5p to HOXB8,
confirming our hypothesis. Another gratifying result was that HOXB8 exhibited an abnormally high
expression level in both CCa tissues and cell lines
(Figure 2D-2E). Combined with the above results, it
was hard not to further discuss the role of miR-32-5p
and HOXB8 in CCa development. Therefore, three
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Figure 1. The expressions of miR-32-5p in cervical cancer (CCa) tissue samples and cells comparing with corresponding
adjacent normal tissues and human normal embryonic kidney cells. A, Difference in the expression of miR-32-5p in tissues.
(***p<0.0001 compared with adjacent normal tissue). B, Difference in the expression of miR-32-5p in cells. (***p<0.001 compared with 293T).

Figure 2. HOXB8 is a direct and functional target of miR-32-5p. A, Diagram of putative miR-32-5p binding sites of HOXB8.
B, Transfection efficiency detection by qRT-PCR. C, Relative activities of luciferase reporters. D-E, The expressions of
HOXB8 in CCa tissues and cells, Data were presented as means ± standard deviations. (**p<0.01, ***p<0.001).

experimental groups were established and used for
further in vitro experiments
MiR-32-5p Decreased the Expression
Level of HOXB8
The results in qRT-PCR and WB analysis
showed that the expression of HOXB8 mRNA
and protein were significantly down-regulated
after overexpression of miR-32-5p in HeLa cells
(Figure 3A-3B). This result further illustrated the
negative regulation of miR-32-5p on HOXB8 expression.
MiR-32-5p Suppressed Proliferation
of CC Cell
After transfection into HeLa cells, the changes
in the proliferation ability of HeLa cells were detected via MTT assay and colony formation assay.
90

Results revealed that the proliferation and colony formation abilities of HeLa cells significantly
declined after overexpression of miR-32-5p compared with those in negative control group, while
the proliferation ability of HeLa cells was significantly increased after the HOXB8 expression was
restored compared with that in miR-32-5p mimics
group (Figure 3C-3E).
MiR-32-5p Inhibited Invasion
and Migration of CCa cell
Migration and invasion are two most key factors in cancer cell metastasis26. We examined
the migration and invasion abilities of cells after
up-regulation of miR-32-5p in HeLa cells. The
results from Transwell experiment showed that
the migration and invasion abilities of miR-325p overexpressed HeLa cells were significantly
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weakened, and the number of migratory and invasive cells was significantly lower than that of the
NC group. However, after restoring the expression of HOXB8, the effects of miR-32-5p were
severely alleviated (Figure 4).

Discussion
CCa is one of the most common malignant tumors in the female reproductive system27. At present, the high rate of distant lymphatic metastasis
of CCa restricted the clinical diagnosis and treatment28, 29. The number of CCa patients gradually
increased due to the lack of effective biomarkers,
which had become a concerned issue for research
scholars30-32. The survival rate and vital signs of
CCa patients could be significantly prolonged and
improved via surgery and chemoradiotherapy, but
unfortunately its clinical treatment was very limited due to the high rate of distant metastasis and
low survival rate of CCa patients. As many as 17%
women would often suffered from recurrence in
situ and metastasis in the first 2 years after treatment, and the postoperative 5-year survival rate
of elderly patients with advanced CCa or distant
metastasis was less than 20%33,34. Moreover, these
treatment methods, due to poor specificity, dif-

ferent patient’s constitution and difficulty in dose
control, often caused great damage to patients and
lead to serious side reactions, which lack the potential value of long-term application35-37. To further change the increasing incidence rate of CC
and improve the targeted therapeutic regimen for
CCa, therefore, identifying the CCa-related tumor
genes with tissue specificity, might become a new
theoretical and technical means of diagnosis and
treatment. MiRNA is a kind of highly-conserved
single-stranded non-coding small RNA11, and it
had become one of the hotspots in tumor research
in recent years. Researches had demonstrated that
miRNA, accounting for only 1% of the human
genome, regulates the expression of about 60%
human protein-coding genes38,39. Approximately
50% miRNA genes were located in the fragile site
of tumor40, which were closely related to the occurrence and development of tumor. The interaction between miRNA and its target genes formed
a complex regulatory network, so exploring and
verifying related target genes of miRNA was the
core in the miRNA research. In our study, the
downstream genes possibly regulated by miR-325p were predicted firstly, and the bioinformatics
software showed that there were complementary
base sequences between miR-32-5p and 3’-UTR
of HOXB8, theoretically proving that miR-32-5p

Figure 3. A, MiR-32-5p decreased the mRNA expression level of HOXB8, B, MiR-32-5p decreased the protein expression level
of HOXB8. C, MiR-32-5p inhibited the proliferation of CCa cells. D-E, Assessment of colony formation, Data were presented as
means ± standard deviations. (**p<0.01, ***p<0.001 vs. NC group; #p<0.05, ##p<0.01 and ###p<0.001 vs. Mimics group).
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Figure 4. The invasion and migration of CCa cells were analyzed using transwell assay and detected by microscope (Magnification
× 200). Data were presented as means ± standard deviations. (**p<0.01, ***p<0.001 vs. NC group; #p<0.05 vs. Mimics group).

might regulate the expression of HOXB8 gene. In
order to detect whether miR-32-5p could directly regulated the HOXB8 gene, dual-luciferase
reporter gene system was used for verification,
and it was found that increased the expression of
miR-32-5p leading to the decrease of the luciferase activity of the wide-type, but it had no effect
on mutant-type, indicating that there were specific complementary pairing sequences, as well as
a direct targeted relation between base sequence
of miR-32-5p and HOXB8 mRNA 3’-UTR. The
92

HOXB8 gene is a member of the Hox gene family,
which is located on chromosome 17 and encodes
the nucleoprotein of homeobox DNA-binding domain41. Moreover, it was also a sequence-specific transcription factor that played an important
role in cell differentiation, development and organ formation42-44. In recent years, the study on
HOXB8 mainly focused on its development and
pathogenic mechanism in the nervous system, respiratory system and blood system45-48. In 2008,
Rawat et al49 found that in the mouse model, the
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deletion of N-terminal domain of caudal-type homeobox 2 (CDX2) could lead to the loss of Hox
gene expression, thus resulting in the abnormal
differentiation of hematopoietic stem cells and
causing acute myeloid leukemia (AML) in mice.
Therefore, Shen et al50 had gradually explored the
HOXB8 gene in the tumor-related study in recent
years and made some achievements. For example,
HOXB8 was found associated with chemotherapy
resistance in human colorectal cancer by SHEN.
In gastric cancer research, DING found HOXB8
exerted promoting effects on tumor development51. Similarly, HOXB8 herald a short survival in ovarian serous carcinoma, a result obtained
by Stavnes et al52. However, the role of HOXB8
in CCa and its mechanism were rarely reported.
The preliminary clinical research revealed that
miR-32-5p was significantly inhibited in CCa tissues, while the expression of HOXB8 gene was
significantly increased in CCa tissues. It was also
observed in target gene detection that miR-32-5p
could regulated the expression of HOXB8 in CCa
in a targeted manner, so it was scientifically speculated that the miR-32-5p/HOXB8 axis exerted a
regulatory effect in the development of CCa. In
view of this, miR-NC (for control), HOXB8 and/
or miR-32-5p mimics were transfected into HeLa
cells to observe changes in the cell function. As
expected, the relative expression levels of HOXB8
mRNA and protein significantly declined after
overexpression of miR-32-5p in HeLa cells, further proving that miR-32-5P could regulate the
expression of HOXB8 in HeLa cells in a targeted
manner. Then, it was found in the functional experiment that the proliferation, clone formation,
invasion and migration abilities of HeLa cells
with low expression of HOXB8 were significantly
lower than those in control group, and the malignant behaviors of HeLa cells were significantly
inhibited. Notably, after HOXB8 and miR-32-5p
mimics were co-transfected into HeLa cells, the
malignant behaviors of HeLa cells were seemingly awakened, and its proliferation, clone formation, invasion and migration abilities were almost
the same as those in control group.

Conclusions
We showed that the regulation of the expression of HOXB8 by miR-32-5p suppressed the
malignant behavior of the CCa cells. As such,
miR-32-5p acts as a tumor suppressor gene in
CCa. This result would provide experimental

evidence for finding new therapeutic targets for
CCa treatment.
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