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Abstract

Objective    Cervical cancer (CC) is one of the most common malignant tumors in gynecology. This study
aimed to investigate the prognostic significance of serum microRNA (miR)-378a-3p in CC and the effect
of miR-378a-3p on tumor growth.

Methods     Real-time  quantitative  polymerase  chain  reaction  analysis  was  used  to  measure  the
expression of miR-378a-3p in serum from patients with CC and healthy control subjects as well as from
CC  tissues  and  adjacent  normal  tissues.  The  association  between  serum  miR-378a-3p  levels  and
clinicopathological  factors  was  analyzed.  The  correlation  between  miR-378a-3p  levels  and  overall
survival  (OS)  of  CC  patients  was  determined  by  Kaplan-Meier  analysis.  The  CC  cell  proliferation  and
migration  abilities  after  transfection  of  miR-378a-3p  mimics  were  detected  by  Cell  Counting  Kit-8  and
scratch wound healing assays, respectively. Tumor volume and weight in mice treated with miR-378a-3p
were measured using a caliper and an electronic balance.

Results    MiR-378a-3p expression was downregulated in the serum and tissues of CC patients compared
to that in healthy control subjects and normal tissues, respectively. Low expression of miR-378a-3p was
positively correlated with large tumor size, advanced tumor stage, and lymph node metastasis. The OS
of patients with low expression of miR-378a-3p was significantly lower than that of  patients with high
expression.  Overexpression  of  miR-378a-3p  suppressed  the  proliferation  and  migration  of  CC  cells. In
vivo studies indicated that overexpression of miR-378a-3p was associated with decreased tumor volume
and weight in mice.

Conclusion     MiR-378a-3p  downregulation  is  associated  with  the  development  and  prognosis  of  CC,
suggesting that it may be a potential biomarker for CC.
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INTRODUCTION

C ervical  cancer  (CC)  is  one  of  the  most
common malignant  tumors  in  gynecology,
with a peak incidence between the ages of

50  and  55  years.  The  incidence  of  CC  has  slightly
declined in recent years while the mortality rate has
remained stable[1].  Since its  pathogenesis  is  unclear,
the current treatment and prognosis of patients with

CC  remain  ineffective  and  poor,  respectively[2].  The
etiology of CC involves complex molecular processes,
including  activation  of  oncogenes  and  inhibition  of
tumor  suppressor  genes[3].  As  researchers  continue
to  study  the  molecular  mechanisms  of  CC,  an
increasing  number  of  genes/proteins  and  signaling
pathways  involved  in  the  development  and
progression  of  CC  are  continuously  being  reported,
thereby  advancing  the  development  of  various
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treatment  methods  for  CC,  including  gene-targeted
therapy  and  hormone  therapy[4].  Ghasemi  et al.
found  that  curcumin  inhibits  the  invasion  and
proliferation  ability  of  CC  cells  through  suppression
of  the  nuclear  factor-kB  and  Wnt/β-catenin
pathways  and  suggested  further  studies  on  the
potential  therapeutic  effects  of  this  compound  in
C[5].  Shafabakhsh  et  al.  reviewed  the  anti-CC  effects
of  melatonin  and  its  underlying  molecular
mechanisms[6].

Accordingly,  investigating  the  molecular
mechanisms  of  CC  development,  progression,
metastasis,  and  recurrence;  discovering  biomarkers
for  the  clinical  diagnosis  and  prognosis  of  CC;  and
identifying  effective  molecular  targets  for  the
treatment of CC have become research hotspots for
medical  researchers  worldwide[7].  Recent  advances
in biological  research on CC indicate that epigenetic
changes  are  common  in  CC  development  and
metastasis,  especially  those  involving  microRNA
(miRNA/miR)  regulation[8].  In  particular,  it  has  been
found  that  an  increasing  number  of  transcription
factors  and  miRNAs  form  a  feedback  loop  through
various mechanisms, thereby promoting or inhibiting
tumor  cell  growth.  In  addition,  in  recent  years,  a
large number of studies have shown that miRNAs are
involved in the proliferation and invasion of CC cells,
which  are  processes  closely  related  to  the
development and progression of CC[9].

MiRNAs  are  a  class  of  endogenous  non-coding
RNAs of approximately 22 nucleotides in length that
are  ubiquitously  found  in  eukaryotes  in  various
forms.  To  date,  thousands  of  miRNAs  have  been
predicted in  the  human genome,  accounting  for  3%
of the total  number of  genes[10].  miRNAs induce the
degradation  or  translation  inhibition  of  target  gene
mRNAs  by  specifically  pairing  with  the  base  site  in
the  3'  untranslated  region  of  each  target  mRNA,
thereby regulating the expression of the target gene
at  the  post-transcriptional  level[11,12].  According  to
statistics,  miRNAs  regulate  at  least  30% of  human
genes and play a key role in the normal development
of  the  body.  However,  dysregulation  of  miRNA
expression,  which  affects  the  proliferation,
migration,  and  invasion  of  tumor  cells,  is  also
common  in  a  variety  of  malignant  tumors[13,14].
Therefore,  miRNAs  have  been  considered  as
promising  targets  for  the  diagnosis,  prognosis,  and
treatment of tumor progression and metastasis[15–18].
The expression of miR-378a-3p has been reported to
be  downregulated  in  clinical  breast  cancer  tissues
and cells. In addition, lower expression levels of miR-
378a-3p  have  been  found  to  be  related  to  poor

prognosis  in  patients  with  breast  cancer,  and  its
increased  expression  strengthens  the  tamoxifen
sensitivity of tumor cells by targeting Golgi transport
1A[19].  MiR-378a-3p  can  also  promote  muscle  cell
differentiation  by  downregulating  histone
deacetylase  4[20].  In  ovarian  cancer,  it  can  sensitize
cells  to  cisplatin  by  targeting  mitogen-activated
protein  kinase  1/growth  factor  receptor  binding
protein  2[21].  It  has  also  been  reported  as  a
prognostic  factor  in  colorectal  cancer  (CRC)[22].
However,  the  role  and  underlying  molecular
mechanism  of  action  in  CC  remain  unclear.
Therefore,  the  aim  of  this  study  was  to  investigate
the  biological  effects  of  miR-378a-3p  on  CC  cell
proliferation.  To  this  end,  in  this  study,  we  first
determined  the  expression  levels  of  miR-378a-3p  in
CC tissues and cells and then studied the relationship
among  its  expression  and  clinicopathological
features  with  the  prognosis  of  CC  patients.  The
effects  of  miR-378a-3p  expression  on  CC  cell
proliferation,  migration,  and  apoptosis  were  also
examined in vitro. 

MATERIALS AND METHODS
 

Tissue Collection

Twelve  CC  tissue  samples  and  matched  non-
tumor  adjacent  tissue  samples  were  obtained  from
patients  who  underwent  surgical  resection  at  the
Hospital  of  Integrated  Chinese  and  Western
Medicine  between  May  2017  and  January  2019.
Non-tumor  adjacent  tissue  samples  were  collected
for  use  as  normal  controls.  All  samples  included  in
this  study were from first-time cancer  patients  with
no history of hormone therapy, radiation therapy, or
chemotherapy  before  undergoing  surgical
treatment.  All  diagnoses  of  CC  were  confirmed  by
the Department of Pathology of the Beijing Hospital
of  Integrated  Chinese  and  Western  Medicine.  The
exclusion  criteria  were  as  follows:  1)  patients  who
received  cervical  treatment  due  to  inflammation
or  infection  within  3  months  before  surgery;
2)  pregnancy  complications;  (3)  other  malignant
tumors  of  the  female  reproductive  system,  such  as
endometrial  cancer,  uterine  leiomyosarcoma,  or
ovarian  cancer;  and  4)  patients  with  other  organ
tumors, such as intestinal and breast cancer. During
the  surgery,  tissue  samples  were  collected  and
immediately  stored  in  liquid  nitrogen.  The  use  of
human  tissues  was  approved  by  the  Ethics
Committee of the Hospital of Integrated Chinese and
Western  Medicine,  and  the  study  was  conducted  in
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accordance with the Declaration of Helsinki. Written
informed consent was obtained from each patient. 

Serum Collection

From  January  2015  to  February  2018,  10  mL  of
whole blood was collected from 48 newly diagnosed
fasting  CC  patients  in  the  Hospital  of  Integrated
Chinese and Western Medicine and used to prepare
approximately  5  mL  of  serum.  Serum  was  also
prepared  from  blood  collected  from  48  healthy
subjects  admitted  for  check-ups  during  the  same
period and used as the control group. The study was
approved by the Ethics Committee of the Hospital of
Integrated  Chinese  and  Western  Medicine,  and  all
participants  were  informed  and  volunteered  to
participate.  Blood  samples  were  centrifuged  at
2,500  rpm  for  10  min  to  prepare  the  serum.  The
serum  was  then  placed  in  a  cryogenic  high-speed
centrifuge at 4 °C and centrifuged at 12,000 rpm for
10  min.  The  serum  supernatant  was  collected  and
stored separately in a freezer at −80 °C for later use. 

Cell Culture and Transfection

The  CC  cell  lines  SiHa  and  Hela  were  obtained
from  the  Chinese  Academy  of  Sciences  Cell  Bank
(Beijing,  China).  They  were  cultured  in  Dulbecco’s
Modified  Eagle’s  Medium  containing  10% fetal
bovine  serum  at  37  °C  in  5% CO2.  The  miR-378a-3p
mimic and scramble negative control (NC) sequence
were  synthesized  by  Shanghai  Jima  Biotechnology
Co.  Ltd.  (Shanghai,  China).  They  were  transfected
into  SiHa  and  HeLa  cells  using  Lipofectamine  2000
according  to  the  manufacturer’s  instructions.  After
transfection, the cells were further cultured for 48 h. 

Real-time  Quantitative  Polymerase  Chain  Reaction
(RT-qPCR)

TRIzol reagent (Solarbio, Beijing, China) was used
to  extract  total  RNA  from  cells  in  the  logarithmic
growth  stage  according  to  the  manufacturer’s
instructions,  and  RNA  integrity  was  confirmed  by
agarose  gel  electrophoresis.  Total  RNA  was  used  to
synthesize  complementary  DNA  by  reverse
transcription  according  to  the  instructions  of  the
reverse  transcription  kit.  PCR  conditions  were  as
follows:  initial  denaturation  at  95  °C  for  5  min,
followed  by  40  cycles  of  denaturation  at  95  °C  for
30 s and annealing at 60 °C for 30 s.  U6 non-coding
small  nuclear  RNA  (snRNA)  was  used  as  an  internal
reference.  The  relative  expression  of  miR-378a-3p
was  calculated  by  the  2−ΔΔCt method.  The
miR-378a-3p  forward  primer  was  ACACTCCAGCT-
GGGACUGGACUUGGAGUCA, and the reverse primer

was  CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTG-
AGGCCTTCTG.  The  U6  snRNA  forward  primer  was
CTCGCTTCGGCAGCACA,  and the  reverse  primer  was
AACGCTTCACGAATTTGCGT. 

Cell Proliferation Determination

The  Cell  Counting  Kit-8  (CCK-8)  assay  (Beyotime
Biotechnology,  Shanghai,  China)  was  used  to
determine  the  proliferation  rate  of  cells  in  each
group.  The  cells  were  seeded  into  a  24-well  plate
with 2 × 103 cells/well. After culturing for 0 and 48 h,
20 μL of CCK-8 solution was added to each well and
incubated  for  an  additional  1  h.  The  absorbance  of
each  well  was  measured  at  a  wavelength  of
450 nm. 

Cell Colony Formation Assay

Cells  at  the  logarithmic  growth  stage  were
seeded  into  24-well  plates  at  a  density  of  3  ×  104

cells/well. The next day, miR-378a-3p mimics or NCs
were  transfected  according  to  the  aforementioned
method.  After  transfection  for  24  h,  the  cells  were
collected  and  counted  using  a  hemocytometer.  The
cells in each sample were seeded into 6-cm plates at
a density of 1,500 cells/well. The cells were cultured
for 10 days, and the culture was terminated after the
appearance of  the visible clone.  Colonies were then
fixed with 4% paraformaldehyde for 15 min, stained
with  crystal  violet  dye  solution  for  5  min,  washed,
dried, photographed, and recorded. 

Cell Migration Assay

The  scratch  wound  healing  assay  was  used  to
determine the cell migration ability. When all of the
cells  reached  confluence,  lines  were  drawn  with  a
20  μL  sterile  tip  spear,  and  the  repair  process  was
observed  under  the  microscope  at  0  h  and  after
48  h.  The  migration  rate  was  calculated  using  the
following formula: Migration rate (%) = (Area at 0 h −
Area  at  48  h)/(Area  at  0  h)  ×  100%.  The  migration
rate is proportional to the cell migration ability. 

Tumor Formation in Nude Mice

HeLa cells were infected with lentivirus-packaged
miR-378a-3p  mimics  or  NCs.  Female  BALB/C  nude
mice  aged  4–6  weeks  were  used  for  the in  vivo
study.  The  infected  cells  were  inoculated
subcutaneously into the flanks of nude mice. All mice
were  sacrificed  8  weeks  later.  The  tumors  were
removed  under  aseptic  conditions,  weighed,
photographed,  and  the  tumor  volume  was
calculated.  The  experimental  procedures  involving
animals  were  performed  with  the  approval  of  the
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Ethics  Committee  of  the  Hospital  of  Integrated
Chinese  and  Western  Medicine.  All  efforts  were
made  to  reduce  the  suffering  of  animals  in
accordance with the Guidelines for the Care and Use
of  Laboratory  Animals  (Ministry  of  Science  and
Technology of China, 2006). 

Statistical Analysis

SPSS  Statistics  19.0  software  (IBM  Corporation,
Armonk,  NY,  USA)  was  used  for  statistical  analysis.
The  Student’s t-test  was  used  for  comparisons
between  the  two  groups.  Differences  with P <  0.05
were  considered  to  be  statistically  significant.  For
the survival curve, the data were analyzed using the
log-rank test. 

RESULTS
 

MiR-378a-3p is Downregulated in CC

To  investigatethe  expression  of  miR-378a-3p  in
CC  cells,  we  performed  RT-qPCR  analysis  to
determine  the  relative  miR-378a-3p  levels  in  the
serum  of  48  pairs  of  patients  with  CC  and  healthy
controls. As shown in Figure 1A, serum miR-378a-3p

expression  was  decreased  in  CC  patients  compared
to  that  in  normal  subjects.  Similarly,  the  analysis  of
the  expression  of  miR-378a-3p  in  tissues  from  CC
patients  and  their  adjacent  normal  tissues  revealed
that  miR-378a-3p  expression  was  markedly
decreased in the CC group (Figure 1B). 

Relationship  between  Clinicopathological  Features
and miR-378a-3p Expression

The  relationship  between  CC  clinicopathological
features  and  serummiR-378a-3p  expression  shown
in Table 1 revealed that miR-378a-3p expression was
closely related to tumor size, tumor-node-metastasis
(TNM) stage, and lymph node metastasis. For the CC
patient  samples,  patients  with  low  miR-378a-3p
expression  had  larger  tumor  sizes;  more  tumors  in
stages  II,  III,  and  IV;  and  lymph  node  metastasis.
However,  miR-378a-3p  expression  was  not
associated with age or pathological grading. 

Correlation  between Serum miR-378a-3p  Level  and
Patient Survival

The  relationship  between  serum  miR-378a-3p
expression  and  the  overall  survival  (OS)  of  patients
with  CC  was  analyzed  using  the  Kaplan-Meier
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Figure 1. MiR-378a-3p  is  downregulated  in  cervical  cancer  (CC)  serum  and  tissues.  (A)  Real-time
quantitative polymerase chain reaction analysis was performed to evaluate the relative expression levels
of  miR-378a-3p  in  48  tissue  sample  pairs  of  patients  with  CC  and  healthy  control  subjects.  (B)  The
expression levels of miR-378a-3p in CC tissues and adjacent normal tissues were measured. *P < 0.05 and
**P < 0.01 versus the control group indicate that the difference was significant.
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method.  Patients  with  CC  were  separated  into  high
and low miR-378a-3p expression groups. The results
showed  that  low  miR-378a-3p  expression  was
related  to  poor  OS  in  CC  patients  (Figure  2A).
Moreover, the survival analysis of patients, based on
miR-378a-3p  expression  using  Kaplan-Meier  Plotter
visualization  software[23] and  The  Cancer  Genome
Atlas  database,  showed  that  the  mortality  rates  of
patients  with  low  miR-378a-3p  expression  were
significantly  higher  compared  to  those  with  high
expression (Figure 2B). 

MiR-378a-3p inhibits CC Cell Proliferation

After  transfection  with  miR-378a-3p  mimics,
CCK-8,  cell  colony  formation,  and  scratch  wound
healing assays were used to investigate the effect of
miR-378a-3p  expression  on  CC  cell  proliferation.
Compared to the NC group, the viability of SiHa and
HeLa  cells  in  the  miR-378a-3p  mimic  group  was
significantly  decreased  at  48  h  (Figure  3A).  The
results  of  the  cell  colony  formation  assay  revealed
that  the  number  and  size  of  the  colonies  of  the
transfected  SiHa  and  HeLa  cells  in  the  mimic  group
were  suppressed  (Figure  3B).  In  addition,  the
migration  ability  was  dramatically  inhibited  after
transfection with miR-378a-3p mimics (Figure 3C). 

MiR-378a-3p Inhibits Tumor Growth in vivo

Mice  were  subcutaneously  injected  with  HeLa
cells  transfected with lentivirus-packaged miR-378a-
3p  mimics,  and  the  tumor  volume  was  measured
every 7 days for 28 days. The results showed that the
tumor  volumein  the  miR-378a-3p  mimic  group  was
lower than that in the NC group (Figure 4A). We also
measured the tumor  weight  in  the  two groups,  and
the  results  revealed  that  the  tumor  weight  was
dramatically  reduced  with  overexpression  of  miR-
378a-3p  (Figure  4B).  In  addition,  after  injection  of
miR-378a-3p mimics,  the isolated tumor tissues had
a higher level of miR-378a-3p expression (Figure 4C).
Moreover,  immunohistochemical  analysis  of  Ki-67
expression in isolated tumor tissues showed that Ki-
67 expression was significantly decreased in the miR-
378a-3p group (Figure 4D). 

DISCUSSION

The  development  of  CC  is  a  complex
pathophysiological  process  that  is  associated  with
dysregulation  of  the  expression  of  many  genes  at
different stages[24]. Dysregulation of gene expression
in  normal  cervical  epithelial  cells,  which  involves

Table 1. Relevance between serum miR-378a-3p expression and clinical pathologic
characteristics of cervical cancer

Variable No. of patients (n = 48)
miR-378a-3p expression

χ2 P
High (n = 19) Low (n = 29)

Age (years)

　≤ 50 13 5 8
0.009 0.923

　> 50 35 14 21

Tumor size (cm)

　≤ 4 20 12 8
5.976 0.015

　> 4 28 7 21

TNM stage

　I–II 18 11 7
5.581 0.018

　III–IV 30 8 22

Pathological grading

　Well (I) 3 3 0

5.141 0.077　Moderate (II–III) 34 14 20

　Poor (IV) 11 3 8

Lymph node metastasis

　Negative 23 13 10
5.298 0.022

　Positive 25 6 19
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numerous  abnormalities  in  gene  structure  and
expression,  including  coding  and  non-coding  genes
as  well  as  regulatory  genes,  leads  to  atypical  cell
growth that in turn leads to carcinoma formation in
situ,  followed by  cancer  cell  invasion and ultimately
extensive spread and metastasis[25]. miRNAs can play
a role in promoting or inhibiting various cancers and
are  involved  in  the  occurrence,  development,  and
progression of tumors. The in-depth study of tumor-
associated  miRNAs  has  also  led  researchers  to
examine  the  occurrence,  development,  and
progression of CC from a new perspective. Searching
for  the  specific  expression  profiles  of  miRNAs  in  CC
and  precancerous  lesions  and  subsequently

detecting  miRNAs  in  CC  samples  presents  a  new
direction in CC research[26,27]. A study by Zhang et al.
showed that miR-320 expression was downregulated
in  CC  tissues  compared  to  normal  controls  and  also
found  that  miR-320  induced  tumor  cell  apoptosis
and  inhibited  cell  proliferation,  invasion,  and
tumorigenesis  by  targeting  myeloid  cell  leukemia
1[28].  Yu  et  al.  used PCR to  measure  the  serum miR-
218 level in CC patients and normal control subjects
and performed correlation analysis  of  its  expression
with the corresponding clinicopathological diagnosis.
They  found  that  the  expression  of  miR-218  in  CC
patients  was  significantly  lower  than  that  in  normal
subjects, and there was a close correlation between
the  expression  of  miR-218  and  the  metastasis  of
CC[29].  Fan et  al. found  markedly  higher  miR-20a
expression  in  CC  tissues  compared  to  controls,  and
its expression was related to lymph node metastasis,
histological  grade,  and  tumor  diameter[30].  MiR-501
was  upregulated  in  CC  tissues  compared  to  normal
cervical  tissues,  and  it  promoted  cell  proliferation,
migration,  and  invasion  in  CC[31].  However,  the
expression  levels  of  miR-378a-3p  in  CC  are  poorly
characterized.

To clarify the role of miR-378a-3p in CC, we first
determined the expression levels of miR-378a-3p in
the serum of  patients  with CC and healthy control
subjects, and the results showed that miR-378a-3p
was  downregulated  in  the  CC  group.  In  addition,
miR-378a-3p  expression  in  CC  tissues  was  also
significantly reduced compared to that in adjacent
normal tissues. Most studies on the effect of tumor
size on the prognosis of CC have suggested a close
relationship  between  them.  This  is  mainly  due  to
the  increase  in  damage  to  the  body  with  the
increase  in  tumor  size.  Lymph  node  metastasis  is
one  of  the  most  important  manifestations  of  CC.
Cancer  cells  spread  to  the  pelvic  cavity  and  even
the  whole  body  through  the  lymph  tissue.  Lymph
node dissection to excise the lymphatic metastasis
is the primary means to reduce the metastasis and
recurrence  of  cancer.  In  terms  of  the  influence  of
the  tumor  stage  on  the  prognosis  of  CC  patients,
most  studies  have  concluded  that  it  has  an
important  influence  on  the  prognosis  of  CC
patients.  In  general,  there  is  a  significant
correlation  between  the  clinical  stage  and
prognosis  of  the  patient,  and  the  later  the  stage,
the worse the prognosis. Our study found that low
expression  levels  of  miR-378a-3p  in  serum  were
related  to  higher  tumor  stages,  larger  tumor  size,
and  more  lymph  node  metastasis.  These  findings
indicate that miR-378a-3p may play a key role in CC
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Figure 2. Analysis  on  the  overall  survival  (OS)
of  cervical  cancer  (CC)  patients  with  different
miR-378a-3p  expression  levels.  (A)  The
relationship  between  serum  miR-378a-3p
expression  and  the  OS  of  48  CC  patients  was
analyzed  by  the  Kaplan-Meier  method.  (B)  OS
analysis  of  miR-378a-3p  was  performed  using
Kaplan-Meier  Plotter  visualization  software
based  on  The  Cancer  Genome  Atlas  database
(N =  306).  The  figure  was  downloaded  from
Kaplan-Meier Plotter.
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Figure 3. Overexpression  of  miR-378a-3p  inhibits  cervical  cancer  (CC)  cell  proliferation.  (A)  The  optical
density values in SiHa and HeLa cells  in the miR-378a-3p mimic and NC groupswere determined by the
Cell Counting Kit-8 assay. (B) The cell colony formation assay was performed to assess the proliferation of
SiHa and HeLa cells.  (C) The wound healing assay was performed to evaluate the migration of SiHa and
HeLa cells. *P < 0.05 versus the control group indicate that the difference was significant.
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Figure 4. MiR-378a-3p  inhibits  tumor  growth in  vivo.  (A)  Tumor  volume  was  measured  every  7  days.
(B)  Tumors  were  isolated  after  28  days  of  HeLa  cell  injection,  and  images  for  representative  mice  and
tumors were captured (left).  The tumor weight was also calculated (right).  (C) The expressions levels of
miR-378a-3p  in  isolated  tumors  were  determined.  (D)  The  Ki-67  expression  level  was  determined  by
immunohistochemical analysis. *P < 0.05 and **P < 0.01 versus the small interfering RNA negative control
group indicate that the difference was significant.
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progression and metastasis.
Recently,  many  studies  have  indicated  that

miRNAs  can  be  used  as  diagnostic  or  prognostic
biomarkers  in  many  cancers.  The  expression  of
miR-378a-3p  was  downregulated  in  clinical  breast
cancer tissues, and lower expression levels of miR-
378a-3p  were  related  to  poor  prognosis  in  breast
cancer  patients.  In  CRC,  miR-378a-3p  expression
was related to histological differentiation and TNM
stage.  CRC  patients  with  low  miR-378a-3p
expression  had  a  markedly  shorter  survival  time
than  those  with  high  expression[22].  We  also
examined  the  relationship  between  miR-378a-3p
expression  and  prognosis  of  CC,  and  theresults  of
the  Kaplan-Meier  survival  curve  showed  that
patients  with  low  miR-378a-3p  expression  had
markedly poor OS.

Uncontrolled  cell  proliferation  is  an  important
characteristic  that  distinguishes  malignant  tumor
cells  from normal  cells[32].  To  investigate  the  role  of
miR-378a-3p  in  CC  cell  proliferation,  miR-378a-3p
mimicsand  miR-378a-3p  NCs  were  transfected  into
SiHa  and  HeLa  cells,  and  the  cell  proliferation  rate
was determined. Our results showed that miR-378a-
3p  mimics  inhibited  CC  cell  proliferation  compared
to  miR-378a-3p  NCs.  Another  feature  of
malignancies  is  their  metastatic  nature.  In  the  later
stages  of  cancer  development,  tumor  cells  invade
and  migrate  to  surrounding  tissues  and  can  be
further  transferred  to  other  tissues  and  organs
through  blood  and  lymph  circulation.  Tumor
metastasis  is  the  main  cause  of  death  in  patients
with tumors[33].  The ability of tumor cells to migrate
is  important  for  tumor  cell  metastasis.  Our  study
found that  overexpression  of  miR-378a-3p  inhibited
CC cell migration. In addition, a subcutaneous tumor
formation  experiment  in  nude  mice  was  conducted
to  study  the  role  of  miR-378a-3p  expression  on
tumor  weight  and  volume.  The  results  showed  that
overexpression  of  miR-378a-3p  inhibited  tumor
growth in mice.

In  conclusion,  miR-378a-3p  was  found  to  be
downregulated in CC serum and tissues. Thus, it may
serve as an independent prognostic marker for OS in
patients with CC, as patients with low expression of
miR-378a-3p  exhibit  poorer  prognosis  than  those
with high expression. Additionally, overexpression of
miR-378a-3p  significantly  inhibits  the  development
of CC, indicating that miR-378a-3p is also a potential
target for CC treatment.
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