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Abstract. Previously, a number of microRNAs (miRNAs) 
have been reported to be dysregulated in cervical cancer, and 
dysregulated miRNAs may play crucial roles in the develop-
ment and progression of cervical cancer. Hence, investigating 
the detailed roles of miRNAs that are aberrantly expressed 
in cervical cancer and the underlying molecular mechanisms 
is essential for early diagnosis and effective therapeutic 
approaches. miRNA‑877 (miR‑877) was found to be downreg-
ulated in hepatocellular carcinoma and renal cell carcinoma, 
and function as a tumor‑suppressive miRNA. However, how 
miR‑877 exerts an effect in cervical cancer progression and its 
underlying molecular mechanisms remains to be elucidated. 
In the current study, reverse transcription‑quantitative PCR 
was performed to determine miR‑877 expression in cervical 
cancer tissues and cell lines. The effects of miR‑877 over-
expression on cervical cancer cell proliferation and invasion 
were evaluated using MTT and Transwell cell invasion assays. 
In the present study, miR‑877 was significantly downregulated 
in cervical cancer tissues and cell lines, and the decreased 
expression levels of miR‑877 were significantly associated 
with increased International Federation of Gynecology and 
Obstetric stage as well as increased lymph node metastasis in 
patients with cervical cancer. Upregulation of miR‑877 using 
miR‑877 mimics resulted in the decreased proliferation and 
invasion of cervical cancer cells. Metastasis‑associated in 
colon cancer‑1 (MACC1) was assessed using bioinformatics 
analyses to determine whether it could be a potential target 
gene of miR‑877, and the results were confirmed using a 
luciferase reporter assay. Furthermore, MACC1 was mark-
edly upregulated in cervical cancer tissues, and its level was 
negatively correlated with the miR‑877 level. Overexpression 
of miR‑877 resulted in decreased expression levels of MACC1 
in cervical cancer cells at both the mRNA and protein levels. 

In addition, the functional effects of MACC1 knockdown were 
similar to those induced by upregulated miR‑877 in cervical 
cancer cells. MACC1 restored miR‑877 overexpression‑medi-
ated suppression of cervical cancer cell proliferation and 
invasion. In conclusion, miR‑877 may play an antitumor role in 
cervical cancer by directly targeting MACC1, which suggests 
that this miRNA may be a promising therapeutic target for the 
treatment of patients with such an aggressive gynecological 
cancer.

Introduction

Cervical cancer ranks third highest in incidence rate and fourth 
in cancer‑associated mortality among women worldwide, with 
an estimated >500,000 new cases and 260,000 deaths caused 
by cervical cancer each year (1). In developing countries, the 
morbidity and mortality of cervical cancer has gradually 
increased, primarily due to the lack of screening programs, 
diagnosis methods and effective therapeutic methods  (2). 
High‑risk human papillomavirus (HPV) infection has been 
identified as a key attribute among the numerous risk factors 
associated with cervical cancer; however, HPV infection alone 
is inadequate to cause carcinogenesis (3). Extensive basic and 
clinical research has significantly facilitated the development 
of novel diagnostic and therapeutic techniques for patients 
with cervical cancer (4); unfortunately, the prognosis remains 
dissatisfactory, with an overall survival rate of ~30‑50% for 
patients at an advanced stage of disease (5). Thus, further 
studies are critical in order to understand the molecular 
mechanisms that underlie cervical cancer occurrence and 
development in order to improve outcomes for patients with 
this malignancy.

MicroRNAs (miRNAs) are a large family of endogenous, 
non‑coding, short RNA molecules that are ~22 nucleotides 
in length (6). miRNAs have been identified as critical gene 
regulators via directly binding to complementary sequences 
in the 3'‑untranslated regions (3'‑UTRs) of their target genes, 
resulting in translation suppression and/or mRNA degra-
dation  (7). It is well documented that one single miRNA 
is able to modulate numerous target genes, and ~30% of 
human protein‑coding genes are predicted to be regulated by 
miRNAs (8,9). Previous studies focusing on miRNA expression 
revealed that a variety of miRNAs were dysregulated during 
cervical carcinogenesis and progression, such as miR‑152 (10), 
miR‑224 (11), miR‑302 (12) and miR‑1297 (13). Aberrantly 
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expressed miRNAs can affect the aggressive behaviors of 
cervical cancer cells through acting as oncogenes or tumor 
suppressors (14). Therefore, a complete understanding of the 
abnormally expressed miRNAs in cervical cancer progres-
sion is important for the identification of potential therapeutic 
targets for treating patients with this disease.

Previous studies have indicated that miR‑877 was down-
regulated in hepatocellular carcinoma  (15,16) and renal 
cell carcinoma (17), and functioned as a tumor‑suppressive 
miRNA. However, it has rarely been reported how miR‑877 
exerts an effect in cervical cancer progression and its under-
lying molecular mechanisms. Hence, the present study detected 
the expression levels of miR‑877 in cervical cancer and 
determined its clinical significance. In addition, the effects of 
miR‑877 in the malignant behaviors of human cervical cancer 
cells and involved mechanisms were investigated.

Materials and methods

Tissue collection. The present study was approved by the 
Ethics Committee of Jilin Cancer Hospital (Changchun, 
China). All patients enrolled in the present study provided 
written informed consent based on the principles of the 
Declaration of Helsinki. A total of 57 pairs of cervical cancer 
tissues and matched adjacent normal tissues (2  cm away 
from tumor tissues) were collected from patients (age range: 
43‑68 years old) in the Jilin Cancer Hospital between March 
2015 and August 2017, and were confirmed as cervical cancer 
via analysis by a pathologist. Patients diagnosed as cervical 
cancer and had not been treated with radiotherapy or chemo-
therapy prior to surgery participated in the current study. All 
patients were divided into two groups, a low miR‑877 expres-
sion group and a high miR‑877 expression group, based on the 
median value of miR‑877. All tissues were frozen immediately 
in liquid nitrogen following surgical resection and then stored 
at ‑80˚C until further use.

Cell lines and culture. A total of four human cervical cancer 
cell lines (CaSki, HeLa, C‑33A and SiHa) and a normal human 
cervix epithelial cell line (Ect1/E6E7) were purchased from 
the American Type Culture Collection. All cells were cultured 
in Dulbecco's modified Eagle's medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS) and 1% antibiotics 
(100 U/ml penicillin and 100 µg/ml streptomycin; all from 
Invitrogen; Thermo Fisher Scientific, Inc.). All cultures were 
maintained at 37˚C in an incubator containing 5% CO2 until 
further use.

Oligonucleotides, plasmids and transfection. Cells were 
plated in six‑well plates at a density of 5x106 cells per well. 
Cells were transfected with miR‑877 mimics (Shanghai 
GenePharma Co., Ltd.) to increase miR‑877 expression. The 
small interfering RNA (siRNA) targeting MACC1 (MACC1 
siRNA; Guangzhou RiboBio Co., Ltd.) was introduced into 
cells to knockdown endogenous MACC1 expression. miRNA 
mimics negative control (miR‑NC) and scrambled negative 
control siRNA (NC siRNA) were used as the control for 
miR‑877 mimics and MACC1 siRNA transfection, respec-
tively. The miR‑877 mimics sequence was 5'‑GUA​GAG​GAG​
AUG​GCG​CAG​GG‑3' and the miR‑NC sequence was 5'‑UAU​

GCA​CUC​CUG​AAG​GGC​UCG​C‑3'. The MACC1 siRNA 
sequence was 5'‑AAG​AUU​GGA​CUU​GUA​CAC​UGC‑3' and 
the NC siRNA sequence was 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UTT‑3'. MACC1 overexpression plasmid pCMV‑MACC1 
and empty pCMV plasmid were provided by the Chinese 
Academy of Sciences. Cells were transfected with miRNA 
mimics (100 pmol), siRNA (100 pmol) or plasmid (4 µg) using 
Lipofectamine™ 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and a Transwell cell invasion assay was performed 
at 24 h post‑transfection. MTT assay and western blot analysis 
was performed at 24 h and 72 h after transfection, respectively.

RT‑qPCR. TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to isolate total RNA from tissue 
samples or cells. All‑in‑One™ miRNA RT‑qPCR Detection 
kit (GeneCopoeia, Inc.) was used to measure miR‑877 expres-
sion. The thermocycling conditions were as follows: 95˚C 
for 10 min, 45 cycles of denaturation at 95˚C for 15 sec and 
annealing/elongation at 60˚C for 15 sec. To quantify MACC1 
mRNA expression, reverse transcription was performed to 
produce cDNA from total RNA using a PrimeScript RT 
reagent kit (Takara Biotechnology Co., Ltd.). The thermocy-
cling conditions for reverse transcription was as follows: 37˚C 
for 15 min and 85˚C for 5 sec. The synthesized cDNA was 
then subjected to MACC1 mRNA expression detection using 
a SYBR Premix Ex Taq™ (Takara Biotechnology Co., Ltd.). 
The thermocycling conditions for qPCR were performed as 
follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec 
and 65˚C for 45 sec. U6 small nuclear RNA and GAPDH 
served as the internal references for miR‑877 and MACC1 
mRNA levels, respectively. The relative gene expression was 
analyzed and normalized using the 2‑ΔΔCq method (18). The 
primers were designed as follows: miR‑877 forward, ‘5‑GTA​
GAG​GAG​ATG​GCG​CAG​GG‑3' and reverse, 5'‑CAG​TGC​
GTG​TCG​TGG​AGT‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​
GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​
GT‑3'; MACC1 forward, 5'‑CAC​AAC​TTG​CGG​AGG​TCA​C‑3' 
and reverse, 5'‑AAG​CTG​TGG​GGT​TTT​TCC‑3'; and GAPDH 
forward, 5'‑CGG​AGT​CAA​CGG​ATT​TGG​TCG​TAT‑3' and 
reverse 5'‑AGC​CTT​CTC​CAT​GGT​GGT​GAA​GAC‑3'.

MTT assay. Transfected cells were harvested and seeded into 
96‑well plates with a density of 3x103 cells/well. Cells were 
incubated at 37˚C in an incubator supplied with 5% CO2 for 0, 
24, 48 and 72 h. MTT assay was applied to determine cellular 
proliferation at indicated time points by adding 20 µl MTT 
solution (5 mg/ml; Sigma‑Aldrich; Merck KGaA) into each 
well. After 4 h of incubation at 37˚C, the culture medium 
was carefully removed and 150 µl of DMSO (Sigma‑Aldrich; 
Merck KGaA) was added into each well in order to dissolve 
the formazan crystals. Finally, the absorbance of each sample 
was detected at a wavelength of 490 nm using a plate reader 
(Bio‑Rad Laboratories, Inc.).

Transwell cell invasion assay. The invasive ability was 
evaluated using 24‑well Transwell filters (8 micrometers 
pore size) that were pre‑coated with Matrigel (both from BD 
Biosciences). After 48 h of transfection, cells were collected, 
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suspended in FBS‑free DMEM and then inoculated into 
the upper compartments of each filter (5x104 cells per filter). 
DMEM with 20% FBS was added into the lower compart-
ments as a chemoattractant. Following incubation of the cells 
for 24 h at 37˚C, non‑invaded cells remaining on the upper 
surface of the membranes were removed with a cotton swab. 
The invasive cells were fixed in 4% paraformaldehyde at room 
temperature for 30 min and stained with 0.5% crystal violet 
at room temperature for 30 min. The number of invasive cells 
was acquired from five randomly selected areas under a light 
microscope (magnification, x200).

Bioinformatics prediction of miR‑877 targets. Target gene 
prediction software, including microRNA.org (August 2010; 
Release Last Update: 2010‑11‑01; http://www.microrna.
org/microrna/) and TargetScan (Release 7.2: March 2018; 
http://www.targetscan.org/vert_71/), was used to search for the 
potential targets of miR‑877.

Luciferase reporter assay. The wild‑type (wt) and mutant 
(mut) of MACC1 3'‑UTR was amplified by Shanghai 
GenePharma Co., Ltd., and cloned into the pMIR‑REPORT 
miRNA Expression Reporter vector (Ambion; Thermo Fisher 
Scientific, Inc.) generating the pMIR‑MACC1‑3'‑UTR wt and 
pMIR‑MACC1‑3'‑UTR mut, respectively. Cells were plated 
in 24‑well plates with a density of 1.0x105 cells per well and 
co‑transfected with wt or mut luciferase plasmid and miR‑877 
mimics or miR‑NC using Lipofectamine™ 2000. After a 48‑h 
incubation, transfected cells were harvested and assessed 
for luciferase activity using a dual‑luciferase reporter assay 
system (Promega Corporation), according to the manufac-
turer's protocol. The firefly luciferase activity was normalized 
to that of Renilla luciferase activity.

Western blot analysis. Western blot analysis was applied 
to detect MACC1 protein expression. Total protein was 
isolated from cultured cells or homogenized tissues using 
a cold radioimmunoprecipitation assay buffer (Shanghai 
Qcbio Science & Technologies Co., Ltd.). Total protein was 
quantified according to the protocol of a Bicinchoninic Acid 
Protein Assay kit (Bio‑Rad Laboratories, Inc.). An equal mass 
of proteins (20 µg) were separated by SDS‑PAGE (10% gel), 
blotted onto PVDF membranes (EMD Millipore) and blocked 
at room temperature in Tris‑buffered saline containing 0.1% 
Tween‑20 (TBST) supplemented with 5% dried skimmed 
milk for 2 h. Subsequently, the membranes were incubated 
with primary antibodies overnight at 4˚C followed by incuba-
tion with horseradish peroxidase‑conjugated goat anti‑rabbit 
secondary antibodies (1:5,000; catalog no. ab6721; Abcam) at 
room temperature for 2 h. Following extensive washing with 
TBST, an Enhanced Chemiluminescence (ECL) Western 
blotting kit (Pierce; Thermo Fisher Scientific, Inc.) was used 
to visualize the immune complex on the PVDF membranes. 
The primary antibodies used in the present study were as 
follows: Rabbit anti‑human MACC1 antibody (1:1,000; 
catalog no. ab106579) and rabbit anti‑human GAPDH anti-
body (1:1,000; catalog no.  ab128915; both from Abcam). 
GAPDH was used as an internal control. Quantity One soft-
ware (version 4.62; Bio‑Rad Laboratories, Inc.) was utilized 
to analyze the protein signals.

Statistical analysis. All assays were repeated at least three 
times. Data are presented as the mean ± standard deviation 
and were analyzed using SPSS software (version 17.0; SPSS 
Inc.). Differences between groups were determined using 
Student's t‑tests or one‑way analysis of variance (ANOVA). 
Student‑Newman‑Keuls (SNK) was used as the post hoc 
analysis following ANOVA. The association between the 
clinicopathological characteristics of the patients with cervical 
cancer and miR‑877 or MACC1 expression was assessed with 
χ2 test. Spearman's correlation analysis was used to evaluate 
the correlation between miR‑877 and MACC1 mRNA expres-
sion levels in cervical cancer tissues. P<0.05 was considered to 
indicate a statistically significant result.

Results

miR‑877 is downregulated in cervical cancer tissues and cell 
lines. To determine the expression patterns of miR‑877 in 
cervical cancer, RT‑qPCR was utilized to measure miR‑877 
expression in 57 pairs of cervical cancer tissues and matched 
adjacent normal tissues. The expression level of miR‑877 was 
lower in cervical cancer tissues when compared with the adja-
cent normal tissues (P<0.05; Fig. 1A). In addition, miR‑877 
expression was determined in a panel of human cervical 
cancer cell lines, including CaSki, HeLa, C‑33A and SiHa. A 
normal human cervix epithelial cell line Ect1/E6E7 was used 
as the control. The data obtained from RT‑qPCR revealed that 
miR‑877 expression was decreased in all four cervical cancer 
cell lines compared with in Ect1/E6E7 (P<0.05; Fig. 1B).

To evaluate the clinical value of miR‑877 in cervical cancer, 
all patients enrolled in the present study were divided into two 
groups, a low miR‑877 expression group and a high miR‑877 
expression group, based on the median value of miR‑877 
(0.62). As presented in Table I, low miR‑877 expression was 
significantly correlated with the International Federation of 
Gynecology and Obstetric (FIGO) stage (19) (P=0.017) and 
lymph node metastasis (P=0.007), but not with age (P=0.395), 
tumor size (P=0.417), HPV infection (P=0.514), vascular 
involvement (P=0.530) or myometrium invasion (P=0.175). 
These results suggest that downregulation of miR‑877 may be 
involved in the malignant progression of cervical cancer.

miR‑877 has a suppressive effect on the proliferation and 
invasion of cervical cancer cells. HeLa and SiHa cell lines 
exhibited relatively lower miR‑877 expression levels out of 
all the cervical cancer cell lines (Fig. 1B), therefore the two 
cell lines were selected for subsequent functional assays. In 
order to investigate the potential functions of miR‑877 in 
the malignant phenotypes of cervical cancer, HeLa and SiHa 
cells were transfected with miR‑877 mimics or miR‑NC. 
The results of the RT‑qPCR confirmed that miR‑877 was 
notably upregulated in miR‑877 mimic‑transfected HeLa 
and SiHa cells compared with the cells transfected with 
miR‑NC (P<0.05; Fig. 2A). The impact of miR‑877 upregu-
lation on cell proliferation in cervical cancer was examined 
using MTT assay. miR‑877‑overexpressing HeLa and SiHa 
cells demonstrated a decreased proliferative ability when 
compared with that in the miR‑NC group (P<0.05; Fig. 2B). 
The role of miR‑877 in the regulation of cervical cancer cell 
invasion was then determined. Data from the transwell cell 
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invasion assay revealed that increased expression levels of 
miR‑877 markedly inhibited the invasion of HeLa and SiHa 
cells (P<0.05; Fig. 2C). These results implied that miR‑877 
may play a tumor suppressive role in the development of 
cervical cancer.

miR‑877 inhibits MACC1 expression by directly targeting its 
3'‑UTR in cervical cancer cells. To decipher the mechanisms 
underlying how miR‑877 affects cervical cancer progression, 
bioinformatics analyses were performed using microRNA.
org and TargetScan to search for the potential target of 
miR‑877. Two highly conserved putative binding sites were 
observed in 3,470‑3,476 bp and 5,492‑5,499 bp of MACC1 

3'‑UTR (Fig. 3A). MACC1 was selected for further identi-
fication as this gene has been widely reported as implicated 
in cervical cancer carcinogenesis and progression (20‑25). 
Luciferase reporter assay was applied to confirm whether the 
3'‑UTR of MACC1 could be directly targeted by miR‑877 in 
cervical cancer cells. In HeLa and SiHa cells co‑transfected 
with pMIR‑MACC1‑3'‑UTR wt (site 1 and 2) and miR‑877 
mimics, luciferase activity was significantly decreased 
compared with that in cells co‑transfected with miR‑NC and 
pMIR‑MACC1‑3'‑UTR wt (P<0.05; site 1 and 2); however, 
no obvious influence was indicated on the luciferase activity 
of the plasmid harboring mutant miR‑877 binding site (site 1 
and 2; Fig. 3B).

Figure 2. miR‑877 overexpression prohibits HeLa and SiHa cell proliferation and invasion. (A) miR‑877 mimics or miR‑NC were introduced into HeLa and 
SiHa cells. Following transfection, reverse transcription‑quantitative PCR was performed to evaluate miR‑877 expression. (B) The MTT assay was used to 
evaluate the cell proliferation in HeLa and SiHa cells following miR‑877 mimic or miR‑NC transfection. (C) Impact of miR‑877 upregulation on the invasion 
of HeLa and SiHa cells was examined through transwell cell invasion assay (magnification, x200). *P<0.05 vs. miR‑NC. miR, microRNA; NC, negative control.

Figure 1. miR‑877 is expressed at low levels in cervical cancer tissues and cell lines. (A) RT‑qPCR was used to analyze the expression levels of miR‑877 in 
57 pairs of cervical cancer tissues and matched adjacent normal tissues. *P<0.05. (B) Expression levels of miR‑877 were determined in four cervical cancer 
cell lines (CaSki, HeLa, C‑33A and SiHa) and a normal human cervix epithelial cell line Ect1/E6E7 via RT‑qPCR. *P<0.05 vs. Ect1/E6E7. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR.
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The MACC1 mRNA expression levels in cervical cancer 
tissues through RT‑qPCR. The expression levels of MACC1 
mRNA were revealed to be markedly upregulated in cervical 
cancer tissues compared with that in adjacent normal tissues 
(P<0.05; Fig. 3C). The association between the mRNA level 
of MACC1 and the clinicopathological factors of patients with 
cervical cancer was examined. As presented in Table II, an 
increased MACC1 expression level was significantly associ-
ated with the increased FIGO stage (P=0.047), increased 
myometrium invasion (P=0.002) and increased lymph node 
metastasis (P=0.022). Notably, an inverse correlation was vali-
dated between miR‑877 and MACC1 mRNA levels in cervical 
cancer tissues via Spearman's correlation analysis (P<0.0001; 
r=‑0.5618; Fig.  3D). Furthermore, RT‑qPCR and western 
blot analyses were performed in order to investigate whether 
miR‑877 could regulate endogenous MACC1 expression 
levels in cervical cancer cells. The data revealed that ectopic 
miR‑877 expression in HeLa and SiHa cells could decrease 
MACC1 expression at both the mRNA (P<0.05; Fig. 3E) and 
protein (P<0.05; Fig. 3F) levels. The results demonstrated 
that MACC1 was a direct target gene of miR‑877 in cervical 
cancer cells.

Knockdown of MACC1 restricts the proliferation and invasion 
of cervical cancer cells. In order to investigate the specific roles 
of MACC1 in cervical cancer, HeLa and SiHa cells were trans-
fected with MACC1 siRNA with the aim of knocking down 
endogenous MACC1 expression. Transfection with NC siRNA 
served as the control group. Western blot analysis confirmed 
that the protein level of MACC1 was notably downregulated 
in HeLa and SiHa cells following MACC1 siRNA transfection 
(P<0.05; Fig. 4A). In addition, the results of the MTT and tran-
swell cell invasion assays revealed that inhibition of MACC1 
led to the decreased proliferative (P<0.05; Fig. 4B) and invasive 
(P<0.05; Fig. 4C) abilities of HeLa and SiHa cells, which was 
similar to the results demonstrated by miR‑877 upregulation. 
Therefore, these results further suggest MACC1 as a functional 
downstream target of miR‑877 in cervical cancer cells.

MACC1 restores miR‑877 overexpression‑mediated suppres‑
sion of cervical cancer cell proliferation and invasion. To 
verify whether MACC1 mediates the inhibitory effects of 
miR‑877 in cervical cancer cells, the miR‑877‑overexpression 
HeLa and SiHa cells were further transfected with MACC1 
overexpression plasmid pCMV‑MACC1 or empty pCMV 

Table I. Association between miR‑877 and clinicopathological 
characteristics of patients with cervical cancer.

	 miR‑877
	 expression level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Low	 High	 P‑value

Age, years			   0.395
  <45	 11	 7	
  ≥45	 18	 21	
Tumor size, cm			   0.417
  <4 	 16	 19	
  ≥4	 13	 9	
HPV			   0.514
  Negative	 12	 14	
  Positive	 17	 14	
Vascular involvement 			   0.530
  Yes	 8	 5	
  No	 21	 23	
FIGO stage			   0.017
  I‑II	 9	 18	
  III‑IV	 20	 10	
Myometrium invasion			   0.175
<1/2	 15	 20	
≥1/2	 14	 8	
Lymph node metastasis			   0.007
  No	 11	 21	
  Yes	 18	 7	

miR, microRNA; HPV, human papillomavirus; FIGO, International 
Federation of Gynecology and Obstetrics.

Table II. Association between MACC1 mRNA level and clini-
copathological characteristics of patients with cervical cancer.

	 MACC1
	 mRNA level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 High	 Low	 P‑value

Age, years			   0.570
  <45	 8	 10	
  ≥45	 21	 19	
Tumor size, cm			   0.127
  <4	 15	 20	
  ≥4	 14	 8	
HPV			   0.470
  Negative	 10	 16	
  Positive	 19	 12	
Vascular involvement			   0.698
  Yes	 6	 7	
  No	 23	 21	
FIGO stage			   0.047
  I‑II	 10	 17	
  III‑IV	 19	 11	
Myometrium invasion			   0.002
  <1/2	 12	 23	
  ≥1/2	 17	 5	
Lymph node metastasis			   0.022
  No	 12	 20	
  Yes	 17	 8	

MACC1, metastasis‑associated in colon cancer 1; HPV, human 
papillomavirus; FIGO, International Federation of Gynecology and 
Obstetrics.
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plasmid. Firstly, RT‑qPCR analysis confirmed that transfection 
with pCMV‑MACC1 significantly increased the expression 
level of MACC1 in HeLa and SiHa cells (P<0.05; Fig. 5A). 
Following transfection, the western blot analysis indicated 
that the expression levels of MACC1 protein were markedly 
decreased in miR‑877 overexpression‑HeLa and SiHa cells; 
however, the decreased MACC1 protein expression was 
almost recovered following pCMV‑MACC1 co‑transfection 
(P<0.05; Fig. 5B). Furthermore, MTT and transwell cell inva-
sion assays demonstrated that MACC1 reintroduction reversed 
the inhibitory effects of miR‑877 overexpression on the 
proliferation (P<0.05; Fig. 5C) and invasion (P<0.05; Fig. 5D) 
of HeLa and SiHa cells. These results suggest that MACC1 
inhibition is required for the suppressive effects of miR‑877 on 
the malignant phenotypes of cervical cancer cells.

Discussion

Dysregulation of miRNAs has been widely reported in 
cervical cancer, and dysregulated miRNAs play crucial roles 
in cervical cancer carcinogenesis and progression (26‑29). 
miRNAs are able to regulate all major cancer‑associated 

biological behaviors in cervical cancer, including differen-
tiation, proliferation, the cell cycle, apoptosis, migration and 
metastasis (30‑32). Hence, investigating the detailed roles of 
miRNAs that are aberrantly expressed in cervical cancer and 
the involved molecular mechanisms is essential for early diag-
nosis and effective therapeutic approaches. To the best of our 
knowledge, the present study detected the miR‑877 expression 
levels in cervical cancer and determined its clinical value 
for the first time. More importantly, the functional roles and 
molecular mechanisms responsible for the action of miR‑877 
in development of cervical cancer were investigated.

A number of studies have reported that miR‑877 was 
downregulated in hepatocellular carcinoma (15,16). Decreased 
miR‑877 expression was significantly associated with the 
histologic grade and the Tumor‑Node‑Metastasis stage of 
patients with hepatocellular carcinoma  (15). Patients with 
hepatocellular carcinoma that exhibit low expression levels of 
miR‑877 had shorter overall survival and disease‑free survival 
rates (15). Furthermore, miR‑877 was validated as an indepen-
dent biomarker for predicting the poor prognosis of patients 
with hepatocellular carcinoma (15). Low expression levels of 
miR‑877 expression were also revealed in the blood and tissues 

Figure 3. MACC1 is a direct target of miR‑877 in cervical cancer cells. (A) The two predicted binding sites of miR‑877 in the 3'‑UTR of MACC1. The mutant 
binding sites were produced in the seed region of the MACC1 3'‑UTR by mutating 7 nucleotides that were targeted by miR‑877. (B) The luciferase reporter assay 
was performed in HeLa and SiHa cells that were co‑transfected with miR‑877 mimics or miR‑NC and luciferase reporter plasmid carrying the wt or mut miR‑877 
binding site. *P<0.05 vs. miR‑NC. (C) Detection of MACC1 mRNA expression in 57 pairs of cervical cancer tissues and matched adjacent normal tissues was 
performed via RT‑qPCR. *P<0.05. (D) Spearman's correlation analysis was used to determine the association between the expression levels of miR‑877 and 
MACC1 mRNA in cervical cancer tissues. r=‑0.5618, P<0.0001. MACC1 mRNA and protein expression in miR‑877 mimic‑ or miR‑NC‑transfected HeLa and 
SiHa cells was detected via (E) RT‑qPCR and (F) western blot analysis, respectively. *P<0.05 vs. miR‑NC. MACC1, metastasis‑associated in colon cancer 1; 
miR, microRNA; 3'‑UTR, 3'‑untranslated region; wt, wild type; mut, mutant; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control.
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of patients with renal cell carcinoma (17). However, the expres-
sion status of miR‑877 in cervical cancer remains unknown. 
In the present study, RT‑qPCR was used to measure miR‑877 
expression in both cervical cancer tissues and cell lines. The data 
revealed that miR‑877 was downregulated in cervical cancer, 
and the downregulation of miR‑877 was positively associated 
with the FIGO stage and lymph node metastasis. These results 
suggest that miR‑877 may emerge as a potential biomarker for 

the diagnosis of patients with the aforementioned human cancer 
types.

The dysregulation of miR‑877 has been validated as an 
important driver for human cancer progression. For example, 
returning miR‑877 expression levels to the norm inhibited 
hepatocellular carcinoma cell proliferation, colony formation, 
migration and invasion, as well as improving the chemosensitivity 
to paclitaxel (15,16). In renal cell carcinoma, miR‑877 restoration 

Figure 5. MACC1 abolishes the miR‑877‑mediated inhibition of proliferation and invasion in cervical cancer cells. (A) RT‑qPCR was performed to determine 
the expression of MACC1 mRNA in HeLa and SiHa cells after transfection with pCMV‑MACC1 or empty pCMV plasmid. *P<0.05 vs. pCMV. (B) miR‑877 
mimics were co‑transfected with pCMV‑MACC1 or empty pCMV plasmids into HeLa and SiHa cells. Following transfection, western blot analysis was 
performed to examine the protein level of MACC1. (C) Proliferative and (D) invasive capacities of HeLa and SiHa cells co‑transfected with miR‑877 mimics 
and pCMV‑MACC1 or empty pCMV plasmids were investigated using MTT and transwell cell invasion (magnification, x200) assays, respectively. *P<0.05 vs. 
miR‑NC. #P<0.05 vs. miR‑877 mimics+pCMV. MACC1, metastasis‑associated in colon cancer; miR, microRNA; NC, negative control.

Figure 4. MACC1 inhibition suppresses the proliferation and invasion of HeLa and SiHa cells. (A) MACC1 siRNA or NC siRNA was transfected into HeLa 
and SiHa cells. Following transfection, western blot analysis was used to measure MACC1 protein expression. (B) MTT and (C) transwell cell invasion assays 
(magnification, x200) were performed to determine the proliferation and invasion abilities of HeLa and SiHa cells transfected with MACC1 siRNA or NC 
siRNA. *P<0.05 vs. NC siRNA. MACC1, metastasis‑associated in colon cancer 1; siRNA, small interfering RNA; NC, negative control.
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suppressed the cellular proliferative and migratory capacities of 
renal cell carcinoma in vitro (17). However, the specific roles of 
miR‑877 in the progression and development of cervical cancer 
remain uncertain. To elucidate these roles, MTT and transwell 
cell invasion assays were performed, which revealed that the 
overexpression of miR‑877 inhibited the proliferation and inva-
sion of cervical cancer cells. These observations suggest that 
miR‑877 may be considered as a potential therapeutic target for 
treating patients with these specific types of human cancer.

Several genes, including cyclin‑dependent kinase 14 (15), 
Forkhead box protein M1  (16) and eukaryotic elongation 
factor‑2 kinase (17), have been verified as direct targets of 
miR‑877. The mechanisms underlying the tumor‑suppressive 
roles of miR‑877 in cervical cancer were investigated in the 
present study. MACC1 was identified to be a direct target gene 
of miR‑877 in cervical cancer cells.

MACC1, located on human chromosome 7 (7p21.1), 
was previously reported as overexpressed in multiple types 
of human cancer, such as glioma  (33), breast cancer  (34), 
hepatocellular carcinoma (35) and renal cell carcinoma (36). 
MACC1 was also observed as highly expressed in cervical 
cancer tissues and cell lines. Increased MACC1 expression 
levels were significantly correlated with the FIGO stage, pelvic 
lymph node metastasis and recurrence (20,21). Patients with 
cervical cancer with high MACC1 expression levels exhibited 
shorter overall survival times than those patients with low 
MACC1 expression (21). Furthermore, multivariate analyses 
validated MACC1 as an independent biomarker for predicting 
the overall survival of patients with cervical cancer  (21). 
MACC1 has a role in oncogenic activity in the carcinogenesis 
and development of cervical cancer, and regulated a variety 
of aggressive behaviors (22‑25). Herein, it was demonstrated 
that miR‑877 was able to directly target MACC1 and inhibit 
the malignant progression of cervical cancer. Hence, the 
miR‑877/MACC1 axis may represent a potential therapeutic 
target for patients with cervical cancer.

In conclusion, the present study indicated that miR‑877 was 
downregulated in cervical cancer. Decreased miR‑877 expres-
sion was significantly associated with the increased FIGO stage 
and lymph node metastasis. miR‑877 upregulation restricted the 
proliferation and invasion of cervical cancer cells by directly 
targeting MACC1. The observations of the present study 
suggest that miR‑877 may be a potential target for the therapy of 
cervical cancer, and provide a new technique for the prevention 
and treatment of patients with this disease. The present study 
was not without limitations; the association between miR‑877 
and prognosis of patients with cervical cancer was not inves-
tigated. Future investigations should collect the prognosis data 
and examine the association between miR‑877 and prognosis of 
patients with cervical cancer.
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