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Abstract. The present study aimed to investigate the role of 
long noncoding RNA MACC1-AS1 in cervical squamous cell 
carcinoma (CSCC). In the present study MACC1-AS1 expres-
sion as analyzed using reverse transcription-quantitative 
PCR. The interactions between MACC1-AS1 and miR-34a 
was analyzed via overexpression experiments. Cell cycle and 
proliferation analyses were performed to analyze the roles 
of MACC1-AS1 in regulating cancer cell cycle progression 
and cell proliferation. It was observed that MACC1-AS1 was 
upregulated in CSCC, and its expression levels were elevated 
with the increase in clinical stage. Bioinformatics analysis 
revealed that MACC1-AS1 may be a sponge of miR-34a, 
which can target cyclin-dependent kinase 6 (CDK6). In 
CSCC cells, MACC1-AS1 overexpression led to upregulation 
of CDK6, while miR-34a overexpression had the opposite 
effect and reduced the effects of MACC1-AS1 overexpression 
in co-transfected cells. Cell cycle and proliferation analyses 
demonstrated that MACC1-AS1 and CDK6 promoted cell 
cycle progression and cell proliferation. By contrast, miR-34a 
had the opposite effect on cell cycle proliferation and cell 
proliferation, reducing the effects induced by MACC1-AS1 
overexpression. Therefore, the lncRNA MACC1-AS1 may 
serve as a sponge of miR-34a to upregulate CDK6, thereby 
promoting cell cycle progression and cell proliferation.

Introduction

In 2018, a total of 570,000 new cases of cervical cancer 
and 311,000 associated mortalities were reported, and this 
malignancy is the fourth most common type of cancer in 
terms of incidence and mortality rates (1). Cervical squamous 
cell carcinoma (CSCC) is the most common histopatho-
logical form of cervical cancer and accounts for ~90% of all 
reported cases (2,3). Human papillomavirus (HPV) infection 
is the leading cause of CSCC (4). With the popularization 
of HPV screening and vaccination program, the incidence 
of HPV-positive CSCC has dropped significantly during 
the past years (5). However, HPV vaccines cannot improve 
the conditions of patients who have already been infected (5). 
In addition, HPV-negative CSCC is more aggressive, and 
effective prevention and treatment approaches are currently 
lacking (6).

Genetic studies have revealed a considerable number of 
genetic factors with critical roles in CSCC (7). Cyclin-dependent 
kinase 6 (CDK6), a member of the CDK family, mainly regu-
lates cell cycle progression in G1 phase (8). In CSCC, CDK6 is 
overexpressed and accelerates cell cycle progression of cancer 
cells to promote cancer progression (9). Therefore, inactivation 
of CDK6 is a promising strategy for the treatment of different 
types of cancer (10).

Specific tumor‑suppressive microRNAs (miRNAs), such 
as miR-34a, have been demonstrated to target and cleave 
CDK6, thereby inhibiting tumor growth (11). MACC1-AS1 is 
a long noncoding RNA (lncRNA), an RNA with a length of 
>200 nucleotides, that has been reported to have oncogenic 
functions only in gastric cancer (12,13). In the present study, 
bioinformatics analysis revealed that MACC1-AS1 may form 
a base pair with miR-34a. The study aimed to investigate 
the interactions among MACC1-AS1, miR-34a and CDK6 in 
CSCC.

Materials and methods

CSCC patients. In the present study, a total of 60 CSCC 
patients [including 39 males and 21 females; age range, 
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40-66 years; mean age, 51.9±6.6 (SD) years] were selected 
from 111 CSCC cases diagnosed in Qingdao No. 6 People's 
Hospital (Qingdao) between March 2015 and April 2018. The 
present study was approved by the review board of the Ethics 
Committee of Qingdao No. 6 People's Hospital. Patients were 
included into the present study if they were newly diagnosed 
CSCC cases, had not received any prior cancer therapies, and 
no other therapies were initiated with 100 days prior to the 
admission day. The exclusion criteria included diagnosis of 
multiple clinical disorders, recurrent cases and history of other 
malignancies. Based on the clinical findings and American 
Joint Committee on Cancer (AJCC) staging system (14), a 
total of 12, 12, 16 and 20 of the included cases were classi-
fied as clinical stage I, II, III, and IV, respectively. Among 
the 60 CSCC patients, 46 cases were HPV-positive (including 
infection with HPV types 11, 16, and 18). All patients were 
informed of the contents of the present study and the poten-
tial publication of this paper, and all participants signed an 
informed consent form.

CSCC tissues and cells. Prior to the initiation of any thera-
pies, a cervical biopsy was performed under the guidance of 
magnetic resonance imaging. During the biopsy, CSCC and 
adjacent non-tumor (within 2 cm around the tumors) tissues 
were obtained from the patients. The weight of each sample 
ranged between 0.014 and 0.019 g. All tissue samples were 
subjected to histopathological tests to confirm that they 
were tumor or non-tumor samples. All tissue samples were 
stored at ‑80˚C before RNA extractions.

In addition, the SiHa human CSCC cell line (ATCC) was 
used in the present study. SiHa cells were cultured in a mixture 
of 10% fetal bovine serum and 90% Eagle's minimum essen-
tial medium under the conditions of 5% CO2, 95% humidity 
and 37˚C.

Cell transfection. miR-34a mimic (5'-UGG CAG UGU CUU 
AGC UGG UUG U-3') and negative control (NC) mimic 
(5'-CGC GAU UGU AAA CUU GCC GCG-3') were obtained 
from GenePharma Co., Ltd. MACC1-AS1 and CDK6 expres-
sion vectors were established using the pcDNA3.1 vector 
(GenePharma Co., Ltd.). In order to perform transient trans-
fections, SiHa cells were harvested when 80% confluence 
was reached and counted. Next, 2x106 cells in 2 ml medium 
(10% fetal bovine serum and 90% Eagle's minimum essential 
medium) were transferred to each well of a 6-well plate and 
were incubated with the transfection mixture, containing 
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) and 
40 nM miR-34a mimic or 10 nM overexpression vector, for 5 h 
at 37˚C. NC mimic or empty vector served as the NC groups. 
Following transfection, the cells were washed with fresh cell 
culture medium. Untransfected cells served as the normal 
control cells in all transfection experiments. All subsequent 
experiments were performed using cells collected at 24 h 
post-transfection.

RNA extraction. Total RNAs were extracted from 2x105 cells 
(harvested at 24 h post-transfection) or 0.015 g tissue samples 
(ground in liquid nitrogen) using RiboZol (Sigma-Aldrich; 
Merck KGaA). To retain the miRNAs in RNA samples, 85% 
of ethanol was used to precipitate and wash the RNAs. All 

RNA samples were subjected to digestion with DNase I for 2 h 
at 37˚C to remove genomic DNA.

Reverse transcription‑quantitative polymerase chain reaction 
(qPCR). For mRNA detection, the digested RNA samples 
were reverse transcribed into cDNAs using Tetro Reverse 
Transcriptase (Bioline), and TB Green Advantage qPCR 
Premix (Clontech; Takara Bio USA, Inc.) was used in the qPCR 
mixture. The mRNA expression levels of MACC1-AS1 and 
CDK6 were measured by qPCR, with GAPDH serving as the 
endogenous control. For miRNA detection, the All-in-One™ 
miRNA qRT-PCR Detection kit (GeneCopoeia, Inc.) was 
used to perform addition of poly (A), reverse transcription 
and qPCR assays. The expression levels of miR-34a were 
measured, with U6 serving as the endogenous control. The 
thermal cycling conditions for all reactions were as follows: 
95˚C for 30 min, followed by 40 cycles of 95˚C for 10 sec and 
55˚C for 40 sec. The following primer sequences were used in 
qPCR assays: MACC1-AS1 forward 5'-GCC AGT CAG AAA 
ATG AGG AAC-3' and reverse, 5'-CCA GTT GGG TGA ACA 
GGA C-3'; CDK6 forward 5'-TGG AGA CCT TCG AGC ACC-3' 
and reverse, 5'-CAC TCC AGG CTC TGG AAC TT-3'; GAPDH 
forward 5'-CAT CAC TGC CAC CCA G-3' and reverse 5'-ATG 
CCA GTG AGC TTC CC-3'; miR-34a forward 5'-CCG GCA 
TGG CAG TGT CTT AGC T-3' and reverse, 5'-CCA GTG CAG 
GGT CCG AGG TA-3'; and U6 forward 5'-CTC GCT TCG GCA 
GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT GCG T-3'. 
The 2-ΔΔCq method (15) was used for gene expression normal-
ization, and all qPCR experiments were performed in three 
replicates.

LncRNA‑miRNA interaction prediction. The inter-
acton between MACC1-AS1 and miR-34a was analyzed 
using IntaRNA 2.0 (http://rna.informatik.uni-freiburg.
de/IntaRNA/Input.jsp) (16). In the analysis, the sequence 
of miR-34a was used as short sequence and sequence of 
MACC1-AS1 was used as long sequence. All other parameters 
were set as the default.

Western blot analysis. Total proteins were extracted from 
2x105 cells (harvested at 24 h post-transfection) using 
RIPA solution and quantified using a BCA kit (both from 
GenePharma Co., Ltd.). For protein denaturation, all protein 
samples were incubated in boiling water for 8 min. The 
denatured protein samples were then subjected to 10% 
SDS-PAGE, followed by gel transfer to PVDF membranes 
and blocking in 5% non-fat milk in PBS for 90 min at room 
temperature. To detect the protein expression of CDK6, the 
membranes were incubated with rabbit anti-CDK6 (1:1,300; 
ab226349; Abcam) and anti-GAPDH (serving as an endog-
enous control; 1:1,300; ab37168; Abcam) primary antibodies 
at 4˚C for 18 h. Next, the membranes were further incubated 
with horseradish peroxidase-conjugated IgG sercondary 
antibody (1:1,300; ab6721; Abcam), and this incubation was 
performed for 2 h at 24˚C. An enhanced chemiluminescence 
reagent (Sigma-Aldrich; Merck KGaA) was used to incubate 
the membranes for 10 min to develop the signals, and all 
data were quantified and normalized using ImageJ software, 
version 1.46 (National Institutes of Health, Bethesda, MD, 
USA).
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Cell Counting Kit‑8 (CCK‑8) cell proliferation analysis. 
Single-cell suspensions were prepared by mixing 4x103 cells 
with 1 ml aforementioned culture medium (10% fetal bovine 
serum and 90% Eagle's minimum essential medium). Cells 
were incubated in a 96-well culture plate with 0.1 ml per well 
under the aforementioned cell culture conditions. Cells were 
collected every 24 h for a total of 4 days. At 4 h before the 
collection of cells, 10 µl CCK-8 solution (Sigma-Aldrich; 
Merck KGaA) was added to each well. Finally, the optical 
density values at 450 nM were measured.

Cell cycle analysis. SiHa cells were collected at 24 h 
post-transfection and were subjected to trypsinization. Cells 
were resuspended in pre-cold PBS, followed by centrifugation 
at 1,200 x g for 10 min at 4˚C. The supernatant was removed, 
and the cell pellets were resuspended in 75% ethanol. Following 
incubation in 75% ethanol for 4 h at 4˚C, the cells were centri-
fuged at 1,200 x g for 10 min at 4˚C. Next, the supernatant was 
removed, and the cell pellets were resuspended in pre-cold PBS. 
BD Pharmingen™ PI/RNase staining was then performed for 
3 min, and flow cytometer was conducted to separate the cells. 
The gating strategy was as follows: i) Define Gate 1: X‑FSC; 
Y-SSC; Gate 2: X width; Y-FL2A; ii) cell debris and dead cells 
were excluded with ModFit LT (Verity Software House); and 
iii) a fluorescence analysis dot plot was then set up. ‘Region 
1‑FSC vs. SSC’, ‘Zone 2 feasible’ and ‘Zone 3‑Shared Mark’ 
are on each corresponding fluorescent dot map. In each experi-
ment, 105 events were counted. Subsequently, Infinicyt™ flow 
cytometry data analysis software (ALPCO, Macedon, NY, 
USA) was used to analyze the data. A figure presenting the 

cell cycle data was plotted using Origin software, version 9.5 
(OriginLab Corporation).

Statistical analysis. Experiments were performed in three 
replicates. Mean values were calculated and used in all data 
analyses. Assessment of differences between tissue types 
(non-tumor vs. CSCC) and among multiple cell transfection 
groups was performed by performing paired t-test or one-way 
analysis of variance (ANOVA) in combination with Tukey's 
test, respectively. Comparison between HPV-negative and 
HPV-positive CSCC patients was performed by unpaired t-test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Upregulation of MACC1‑AS1 is affected by clinical stage, 
but not by HPV infection status. The levels of MACC1-AS1 
expression in the non-tumor and CSCC tissue samples were 
measured by RT-qPCR and compared by conducting paired 
t-test. It was observed that, compared with the non-tumor 
tissues, MACC1‑AS1 expression was significantly higher in 
CSCC tissues (Fig. 1A; P<0.05). Among the 60 CSCC patients 
included in the present study, a total of 12, 12, 16 and 20 cases 
were classified as clinical stage I‑IV, respectively. The expres-
sion levels of MACC1-AS1 were compared among the four 
stages by performing one-way ANOVA in combination with 
Tukey's test. With the increase of clinical stage, significantly 
increased expression levels of MACC1-AS1 were observed 
in CSCC tissues (Fig. 1B; P<0.05). Among the 60 CSCC 

Figure 1. Upregulation of MACC1-AS1 was affected by the clinical stage, but not by HPV infection. (A) MACC1-AS1 expression in non-tumor and CSCC 
tissues was measured by reverse transcription-quantitative polymerase chain reaction and compared by paired t-test. (B) Expression levels of MACC1-AS1 
in CSCC tissues were compared among four clinical stages by performing one-way analysis of variance in combination with Tukey's test. (C) Comparison of 
expression levels of MACC1-AS1 in CSCC tissues between HPV-negative and HPV-positive patients was performed by unpaired t-test. The mean values of 
three replicates are presented. *P<0.05. HPV, human papillomavirus; CSCC, cervical squamous cell carcinoma; NS, not significant.
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patients, 46 cases were HPV-positive (including infection with 
HPV types 11, 16 and 18). Comparison of expression levels 
of MACC1-AS1 in CSCC tissues between HPV-negative and 
HPV-positive patients was performed by unpaired t-test. The 
results revealed no significant difference between these two 
patient groups (Fig. 1C).

MACC1‑AS1 may be a sponge of miR‑34a. Bioinformatics 
analysis using the IntaRNA tool demonstrated that 
MACC1-AS1 forms base pairing with miR-34a (Fig. 2A). To 
further investigate the interaction between MACC1-AS1 and 
miR-34a, a MACC1-AS1 expression vector or miR-34a mimic 
was transfected into SiHa cells. At 24 h post-transfection, the 
RT-qPCR results revealed that, compared to the normal control 
and NC groups, the expression levels of MACC1-AS1 and 
miR‑34a were significantly increased in their corresponding 
transfected SiHa cells, indicating successful overexpression 
(Fig. 2B; P<0.05). However, MACC1-AS1 overexpression did 
not affect the level of miR-34a, and similarly miR-34a overex-
pression did not significantly change the level of MACC1‑AS1 
(Fig. 2C; P>0.05).

MACC1‑AS1 may sponge miR‑34a to upregulate CDK6. 
It is known that CDK6 is a direct target of miR-34a (11). 
Western blot and RT-qPCR assays were performed to analyze 
the effects of the overexpression of miR-34a and CDK6 on 
CDK6 expression. As compared with the normal control and 
NC groups, MACC1-AS1 overexpression led to upregulated 
CDK6 at the mRNA (Fig. 3A) and protein (Fig. 3B) levels. 
By contrast, miR-34a overexpression had the opposite effect 
on CDK6 levels, while it reduced the effects of MACC1-AS1 
overexpression in co-transfected cells (Fig. 3A and B).

MACC1‑AS1 promoted SiHa cell proliferation and cell cycle 
progression via CDK6 and miR‑34a. Cell proliferation and 
cell cycle assays were performed to analyze the effect of 
transfection on the proliferation and cell cycle progression 
of SiHa cells. Overexpression of CDK6 in vector-transfected 
cells was confirmed by western blot analysis (supplementary 
figure Fig. S1). Compared with the normal control and NC 
groups, overexpression of MACC1‑AS1 or CDK6 significantly 
promoted cell proliferation (Fig. 4A; P<0.05), while it also led 
to an increased cell percentage at G2 phase and decreased cell 
percentage at G1 phase (Fig. 4B and C; P<0.05). By contrast, 
miR-34a overexpression had the opposite effects on cell 
cycle progression and cell proliferation. In addition, miR-34a 
reduced the effects of MACC1-AS1 overexpression in cells 
co-transfected with MACC1-AS1 vector and miR-34a mimic 
(Fig. 4A-C). Therefore, MACC1-AS1 may upregulate CDK6 
via miR-134a to promote SiHa cell proliferation and cell cycle 
progression.

Discussion

To date, the oncogenic function of MACC1-AS1 has only 
been analyzed in gastric cancer. It has been reported that 
MACC1-AS1 was upregulated in gastric cancer, and that 
overexpression of MACC1-AS1 was at least partially respon-
sible for cancer cell metabolic plasticity and stemness (12,13). 
However, to the best of our knowledge, the role of this lncRNA 
in other types of cancer remains unknown. The present study 
is, thus, the first to report the upregulation of MACC1‑AS1 
in CSCC tissues, and that MACC1-AS1 overexpression led 
to accelerated cell cycle progression and cell proliferation. In 
addition, the current study further revealed that MACC1-AS1 

Figure 2. MACC1-AS1 may be a sponge of miR-34a. (A) Bioinformatics analysis using IntaRNA revealed that MACC1-AS1 forms base pairing with miR-34a. 
Next, a MACC1-AS1 expression vector or miR-34a mimic was transfected into SiHa cells. (B) Overexpression of MACC1-AS1 and miR-34a in the corre-
sponding transfected SiHa cells was confirmed by RT‑qPCR at 24 h post‑transfection. (C) The interaction between MACC1‑AS1 and miR‑34a was also 
analyzed by RT-qPCR. The mean values of three replicates are presented. *P<0.05. miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase 
chain reaction; C, normal control; NC, negative control; NS, not significant.
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Figure 4. MACC1-AS1 promoted SiHa cell proliferation and cell cycle progression through regulation of CDK6 by sponging miR-34a. (A) Cell proliferation and 
(B) cell cycle assays were performed to analyze the effects of MACC1-AS1, miR-34a and CDK6 overexpression on the proliferation and cell cycle progression of SiHa 
cells. (C) Representative flow cytometry images are presented. *P<0.05. miR, microRNA; CDK6, cyclin-dependent kinase 6; C, normal control; NC, negative control.

Figure 3. MACC1-AS1 may sponge miR-34a to upregulate CDK6. Reverse transcription-quantitative polymerase chain reaction and western blot analysis were 
performed to analyze the effects of the overexpression of miR-34a and/or MACC1-AS1 on CDK6 expression at the (A) mRNA and (B) protein levels, respectively. 
The mean values of three replicates are presented. *P<0.05. miR, microRNA; CDK6, cyclin-dependent kinase 6; C, normal control; NC, negative control.
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may serve as a sponge of miR-34a to upregulate CDK6, 
thereby promoting cell cycle progression and cell prolifera-
tion. Therefore, MACC1-AS1 may serve an oncogenic role in 
CSCC by promoting cell division.

The cancer stage is significantly associated with the 
survival of cancer patients (16). In the present study, increased 
expression levels of MACC1-AS1 were observed with the 
increase in CSCC clinical stage. This observation suggested 
that MACC1-AS1 expression may have a prognostic value in 
CSCC, and our future studies will perform follow-up analysis 
to evaluate this potential prognostic value of MACC1-AS1. 
Although HPV infection is the main cause of CSCC (17), the 
present study data suggested that MACC1-AS1 expression was 
not affected by HPV infection. Therefore, MACC1-AS1 may 
be involved in CSCC through HPV-independent pathways.

Previously, it has been reported that miR-34a can target 
CDK6 to suppress glioblastoma (11). In the present study, 
downregulation of CDK6 was observed in cells transfected 
with miR-34a mimic. Therefore, miR-34a may also target 
CDK6 in CSCC. Bioinformatics analysis further demonstrated 
that MACC1-AS1 forms base pairing with miR-34a. However, 
overexpression experiments revealed that MACC1-AS1 and 
miR‑34a did not significantly affect the expression of each 
other, suggesting that miR-34a may not target MACC1-AS1. 
Previous studies on the interaction between lncRNAs and 
miRNAs indicated that lncRNAs may sponge miRNAs to 
upregulate their targets (18,19). The data of the current study 
further revealed that MACC1-AS1 may sponge miR-34a to 
upregulate CDK6. It is worth noting that the bioinformatics 
analysis results indicated that MACC1-AS1 may sponge 
multiple miRNAs (data not shown), while most of these 
miRNAs are unlikely to be involved in CSCC.

According to the results, the present study revealed a novel 
MACC1-AS1/miR-34a/CDK6 axis in CSCC. The regulation 
of MACC1-AS1 expression may provide novel insights in 
CSCC treatment. It is worth noting that miR-34a in cancer 
biology may target multiple oncogenes, such as CD44 and 
MYCN (20,21). Therefore, future studies will focus on the 
interactions between MACC1-AS1 and other targets of 
miR-34a. In addition, the bioinformatics analysis performed 
in the present study revealed that MACC1-AS1 interacted 
with multiple miRNAs, and these interactions should also be 
further investigated in future studies.

In conclusion, the current study revealed that MACC1-AS1 
was upregulated in CSCC and that it may serve as a sponge 
of miR-34a to upregulate CDK6, thereby promoting the 
progression of CSCC.
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