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Abstract. Cervical cancer (CC) is one of the most common 
gynecological malignancies that endangers women's health. A 
negative effect of glycolysis is that it contributes to abnormal 
tumor growth. MicroRNA (miR)‑99a expression has been 
found to be decreased in CC. The present study aimed to 
investigate the role of miR‑99a‑5p in glycolysis in CC. For this 
purpose, the association between miR‑99a and the prognosis 
of patients with CC from The Cancer Genome Atlas database 
was analyzed using Kaplan‑Meier analysis. miR‑99a‑5p 
expression and Ras‑related GTP binding D (RRAGD) expres‑
sion were assessed using reverse transcription‑quantitative 
PCR and western blot analysis. Cell proliferation and apop‑
tosis were examined using an MTT assay and flow cytometry, 
respectively. Glucose uptake, lactate concentration and 
extracellular acidification rate were measured using a glucose 
uptake colorimetric assay, a lactate colorimetric assay and a 
Seahorse XFe96 extracellular flux analyzer, respectively. The 
association between miR‑99a‑5p and RRAGD was predicted 
using TargetScan 7.1, and was confirmed using dual luciferase 
reporter assay. The results revealed that miR‑99a‑5p expres‑
sion was decreased and that of RRAGD was increased in CC 
tissues and cell lines. RRAGD was negatively regulated by 
miR‑99a‑5p. The overexpression of miR‑99a‑5p induced apop‑
tosis and inhibited glycolysis in CC cells by targeting RRAGD. 
On the whole, the present study revealed a novel mechanism 
through which miR‑99a‑5p regulates cell apoptosis and 
glycolysis in CC, thus providing a potential therapeutic target 
for CC.

Introduction

Cervical cancer (CC) is a malignant tumor that occurs in the 
cervical region and it severely endangers a woman's health. 
CC was the fourth most common gynecological malignancy in 
developing countries in 2019 (1,2). Carbohydrates provide energy 
for essential biochemical processes, and glycolysis is the main 
process through which organisms, including cancer cells, obtain 
energy (3). Even though cellular oxygen is adequate, tumor cells 
rely on aerobic glycolysis, and not on mitochondrial oxidative 
phosphorylation to generate energy (4). Glycolysis and adenosine 
triphosphate (ATP) generation are crucial to the development of 
cancers, including growth, metastasis and chemoresistance (5,6). 
A negative effect of the glycolysis pathway is that it leads to the 
abnormal growth and proliferation of cancer cells (7). Tumor 
glycolysis has also been reported to be a target for cancer 
therapy (6). Therefore, it is of utmost importance to determine 
the specific molecules regulating glycolysis in CC.

Studies have demonstrated that a number of crucial intracel‑
lular mechanisms are related to the proliferation and apoptosis 
of cancer cells (8,9). MicroRNAs (miRNAs/miRs) are a type of 
non‑coding RNA, which can bind to target mRNAs to inhibit their 
translation (10,11). miRNAs are widely involved in various physi‑
ological and pathological processes of tumor cells by regulating 
the expression of oncogenes and tumor suppressors (12,13). It has 
been demonstrated that miRNA expression levels are dysregu‑
lated in CC tissues and cell lines, and this dysregulated expression 
plays crucial roles in the pathological process of CC (14,15). In 
2018, a bioinformatics study indicated that the downregulation of 
miR‑99a was closely related to the 5‑year survival rate of patients 
with CC (16). In 2019, miR‑99a was reported to be decreased in 
cervical intraepithelial neoplasia (CIN) vs. normal tissue, and in 
cervical squamous cell carcinoma (CSCC) vs. CIN, suggesting 
that miR‑99a may be involved in the pathogenesis of CIN and 
in the progression of CIN to CSCC (17). However, the distinct 
roles of miR‑99a‑5p in glycolysis in CC have not yet been fully 
elucidated. Thus, the present study aimed to explore the potential 
functions of this miRNA in glycolysis in CC.

Materials and methods

Antibodies and reagents. The primary and secondary anti‑
bodies used in the present study were as follows: Ras‑related 
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GTP‑binding protein D (RRAGD; cat. no. A304‑301A‑T; 
Thermo Fisher Scientific, Inc.), GAPDH (cat. no. A300‑642A‑T; 
Thermo Fisher Scientific, Inc.), goat anti‑rabbit (cat. no. 7074; 
Cell Signaling Technology, Inc.) and horse anti‑mouse 
(cat. no. 7076; Cell Signaling Technology, Inc.).

The reagents used were as follows: FBS, DMEM, peni‑
cillin‑streptomycin, Lipofectamine 2000®, TRIzol® reagent 
(all from Thermo Fisher Scientific, Inc.); the PrimeScript 
qRT Reagent kit (Takara Bio, Inc.), SYBR‑Green Mix (Roche 
Diagnostics), the Dual Luciferase Assay System (Promega 
Corporation), protease inhibitor cocktail (Sigma‑Aldrich; 
Merck KGaA), RIPA buffer (Roche Diagnostics), chemical 
HRP substrate (MilliporeSigma), the Annexin‑V/Dead 
Cell Apoptosis kit, glucose uptake colorimetric assay kit 
(BioVision, Inc.), 2‑(N‑(7‑nitrobenz‑2‑oxa‑1,3‑diazol‑4‑yl)
amino)‑2‑deoxyglucose (2‑NBDG; Sigma‑Aldrich; Merck 
KGaA), Krebs‑ringer‑phosphate‑HEPES (KRPH; Thermo 
Fisher Scientific, Inc.), the lactate colorimetric assay kit 
(BioVision, Inc.) and the XF Glycolysis Stress Test kit 
(Seahorse Bioscience).

Specimens. In total, 21 pairs of CC tissues and matched 
normal tissues were obtained from patients (47±6 years; range, 
41‑59 years) with CC at the Wuhan Third Hospital (Tongren 
Hospital of Wuhan University, Wuhan, China) between 
February 2018 and March 2019. Patients who received 
chemotherapy or radiotherapy were excluded. Written 
informed consent was provided by all participants prior to 
the initiation of the study. The present study was approved 
by the Ethics Committee of Wuhan Third Hospital (approval 
no. WHTH‑2018‑07). Tissues were collected for use in subse‑
quent experiments or stored in ‑80˚C if not used immediately.

Cell culture and transfection. The Ect1 (cat. no. CRL‑2614), 
HeLa (cat. no. CRM‑CCL‑2), C33A (cat. no. HTB‑31) 
and SiHa (cat. no. HTB‑35) cells were obtained from the 
American Type Culture Collection (ATCC) and cultured 
in DMEM containing 10% FBS, incubated with 5% CO2 
and 37˚C. miR‑99a‑5p mimic and miR‑NC mimic were 
purchased from Shanghai GenePharma Co., Ltd. Transfection 
of pcDNA3.1‑RRAGD plasmid (30 µg), pcDNA3.1 plasmid 
(30 µg), miR‑99a‑5p mimic (100 nM; 5'‑AAC CCG UAG AUC 
CGA UCU UGU G‑3') and miR‑NC mimic (100 nM; 5'‑UUG 
UAC UAC ACA AAA GUA CUG‑3') was performed at 37˚C for 
48 h using Lipofectamine 2000 (Thermo Fisher Scientific, 
Inc.). At 48 h after transfection, cells were collected for the 
subsequent experimentation.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from CC tissues or Ect1, HeLa, C33A and 
SiHa cell lines using TRIzol® reagent and reverse transcribed 
into cDNA using the PrimeScript™ qRT reagent kit with the 
following thermocycling conditions: A total of three cycles 
at 37˚C for 15 min, termination at 85˚C for 5 sec, and mainte‑
nance at 4˚C. qPCR was performed using SYBR‑Green mix 
on an ABI Prism 7500 system (Thermo Fisher Scientific, Inc.) 
with the following thermocycling conditions: 95˚C for 5 min 
(initial denaturation), followed by 40 cycles at 95˚C for 30 sec, 
55˚C for 30 sec, 72˚C for 45 sec, with a final extension at 72˚C 
for 10 min. GAPDH and U6 served as an internal control for 

RRAGD and miR‑99a‑5p, respectively. The sequences of all 
primers used are listed in Table I. The relative expression 
levels were analyzed using the 2‑∆∆Cq method (18).

Western blot analysis. The Ect1 and SiHa cells were washed 
in PBS, and harvested before being lysed using RIPA buffer 
(Beyotime Institute of Biotechnology) containing protease 
inhibitor cocktail. Protein concentration was evaluated using 
a Pierce BCA protein assay kit (Thermo Fisher Scientific, 
Inc.). The protein samples (15 µg) were then mixed with SDS 
loading buffer, before separating by 8% SDS‑PAGE, and 
electro‑transferring onto a PVDF filter. The filter was then 
blocked with 5% BSA (Thermo Fisher Scientific, Inc.) in TBST 
(0.2% Tween‑20) at room temperature for 2 h and incubated 
overnight at 4˚C with anti‑RRAGD (1:2,000) or anti‑GAPDH 
(1:2,000) antibodies in TBST. This was followed by washing 
and incubation with appropriate HRP‑labeled secondary anti‑
bodies (1:1,000) for 1 h at room temperature. After washing 
thoroughly, the HRP signals were detected using an ECL 
Prime detection reagent (Thermo Fisher Scientific, Inc.). Band 
intensity was quantified using ImageJ software (version 1.8.0; 
National Institutes of Health).

MTT assay. Following culture for 24, 48 and 72 h, each well of 
SiHa cells (3x104 cells/well) was incubated at 37˚C for 3 h with 
20 µl (5 mg/ml) MTT solution. Following incubation for 3 h, 
100 µl dimethyl sulfoxide (DMSO) was added to each well for 
dye extraction. After shaking for 15 min, the absorbance of the 
cells was recorded at 570 nm using a microplate reader.

Flow cytometric analysis of apoptosis. Each group of 
cultured SiHa cells was washed and harvested with PBS. 
The cells (1x106) were then suspended in 100 µl PBS and 
mixed with Annexin V‑FITC and propidium iodide (PI), and 
then incubated for 10‑15 min in a dark at room temperature. 
After washing with PBS, the cells were then analyzed using 
a BD FACSCalibur™ flow cytometer (BD Biosciences), and 
Annexin V‑FITC positive cells were considered apoptotic 
(early + late apoptosis was assessed). Data were analyzed 
using FlowJo (version 7.6.3; FlowJo LLC).

Glucose uptake and lactate production measurement. For the 
measurement of glucose uptake, SiHa cells were measured 
using a glucose uptake colorimetric assay kit. A total of 
2x103 cells were placed in a 96‑well plate and starved with 
serum‑free DMEM for 12 h. The SiHa cells were then incu‑
bated at room temperature with KRPH with 2% BSA. After 
30 min, 10 µl 2‑NBDG were added to each well and incu‑
bated for 20 min at room temperature. Nicotinamide adenine 
dinucleotide phosphate generation was determined using an 
enzymatic recycling amplification reaction. The absorbance 
at 412 nm was recorded using a GloMax®Discover Microplate 
Reader (Promega Corporation).

For the measurement of lactate production, the SiHa cells 
were harvested and suspended in fresh DMEM without pyruvic 
acid and seeded in a 96‑well plate at a density of 2x103 cells/well. 
After 6 h, 100 µl culture medium was collected and diluted 
with 0.5 ml KRPH buffer. The lactate concentration was deter‑
mined using a lactate colorimetric assay kit according to the 
manufacturer's protocol. The absorbance at 450 nm was also 
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recorded using a GloMax®Discover Microplate Reader and 
normalized to the protein concentration.

Extracellular acidif ication rate (ECAR) assay. The 
SiHa cells were placed in an XFe96 plate at a density of 
1x104 cells/well and incubated for 12 h at 37˚C. At 1 h before 
measurement, the medium was replaced with XF medium. 
The XF Glycolysis Stress Test kit was used to detect the 
glycolytic capacity according to the manufacturer's protocol. 
After 20, 50 and 80 min, glucose (10 mM), oligomycin (1 mM) 
and 2‑deoxy glucose (2‑DG; 50 mM) were diluted into XF 
medium and the ECAR assay was performed using a Seahorse 
XFe96 extracellular flux analyzer (Seahorse Bioscience).

Dual luciferase reporter assay. To explore the targets of 
miR‑99a‑5p in regulating CC cell apoptosis, the TargetScan 
7.1 website (TargetScanHuman 7.1) was searched. Wild‑type 
(WT) or mutant type (Mut) RRAGD 3' untranslated 
region (3'‑UTR) sequences were constructed into the 
pGL3‑luciferase reporter plasmid (Promega Corporation), 
and co‑transfected with miR‑99a‑5p/NC mimics (100 nM) 
into SiHa cells (1x105/well) using Lipofectamine 2000 
(Thermo Fisher Scientific, Inc.). At 48 h post‑transfection, 
the cells were transferred to a 24‑well culture dish. The Dual 
Luciferase Assay System (Promega Corporation) was used to 
measure the luciferase activities. Renilla luciferase activity 
was used as the reference control.

Statistical analysis. All data were analyzed using GraphPad 
Prism 6.0 (GraphPad Software, Inc.) and are presented as the 
mean ± SD. Kaplan‑Meier analysis and log‑rank testing were 
used to analyze the association between miR‑99a and the 
prognosis of patients with CC from the Cancer Genome Atlas 
database. Differences between two groups were compared 
using a paired (tissues) and unpaired (cell lines) Student's 
t‑test, and differences among three groups were compared 
using one‑way ANOVA followed by a Tukey's post hoc test. 
Pearson's correlation analysis was used to analyze the corre‑
lation between miR‑99a‑5p and RRAGD expression in CC 
tissues. A value of P<0.05 was considered to indicate a statisti‑
cally significant difference. Each experiment was replicated at 
least three times.

Results

miR‑99a‑5p expression is decreased in CC tissues and cell 
lines. Firstly, the present study aimed to determine whether the 
expression level of miR‑99a was related to the survival rate of 
patients with CC; thus, Kaplan‑Meier analysis was performed. 
The results revealed that the patients with a high expression 
of miR‑99a had a higher survival rate than those in the low 
expression group (Fig. 1A). In order to further confirm the 
association between the miR‑99a‑5p expression level and CC, 
its expression was examined using RT‑qPCR in CC tissues and 
various cell lines. The results demonstrated that the expression 
level of miR‑99a‑5p was significantly decreased in CC tissues 
(Fig. 1B) and cell lines, including HeLa, C33A and SiHa cells 
(Fig. 1C). Among the three different cell lines, the SiHa cells 
exhibited the lowest expression of miR‑99a‑5p, and were thus 
used in the following experiments.

Moreover, in the collected tumor tissues from patients with 
CC, the miR‑99a‑5p level was found to be associated with the 
FIGO stage, but not with age or tumor size (Table II).

miR‑99a‑5p promotes the apoptosis and reduces the glycolysis 
of CC cells. In order to examine whether miR‑99a‑5p affects 
the survival of SiHa cells, miR‑99a‑5p was overexpressed in 
SiHa cells using a miRNA mimic (Fig. 2A). It was found that 
transfection with miR‑99a‑5p mimic significantly reduced 
the number of SiHa cells (Fig. 2B). To determine whether 
miR‑99a‑5p affects the apoptosis of SiHa cells, flow cytometry 
was performed. As shown in Fig. 2C and D, transfection with 
miR‑99a‑5p mimic significantly induced SiHa cell apoptosis 
when compared with the cells transfected with miR‑NC mimic.

In order to examine the mechanisms underlying the 
promotion of cell apoptosis by miR‑99a‑5p, the glucose 
consumption of SiHa cells was detected. The results revealed 
that following the overexpression of miR‑99a‑5p, the glucose 
consumption of SiHa cells significantly decreased (Fig. 3A), 

Table I. Primer sequences.

Gene name Primer sequences (5'‑3')

miR‑99a‑5p F: AACCCGTAGATCCGATCTTGTG
 R: CACAAGATCGGATCTACGGGTT
U6 F: CTCGCTTCGGCAGCACATA
 R: AACGATTCACGAATTTGCGT
RRAGD F: CTAGCGGACTACGGAGACG
 R: ATGAGCAGGATTCTCGGCTTC
GAPDH F: GAAGGTGAAGGTCGGAGTC
 R: GAAGATGGTGATGGGATTTC

F, forward; R, reverse; miR, microRNA; RRAGD, Ras‑related GTP 
binding D.

Table II. Association between miR‑99a‑5p expression levels 
and clinicopathological characteristics of patients with cervical 
cancer.

 Expression level of
 miR‑99a‑5p
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological Low High 
characteristics (n=10) (n=11) P‑value

Age, years   0.659
  <45 3 5 
  ≥45 7 6 
Tumor size, cm   0.395
  <4 6 4 
  ≥4 4 7 
FIGO stages   0.031
  I‑II 2 8 
  III‑IV 8 3 

miR, microRNA.
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Figure 1. miR‑99a‑5p is decreased in CC tissues and cell lines. (A) Kaplan‑Meier analysis showed the association between miR‑99a expression and the prog‑
nosis of patients with CC from the Cancer Genome Atlas database. (B) RT‑qPCR revealed the difference in miR‑99a‑5p expression between normal tissues and 
CC tissues collected from the patients in the present study. (C) RT‑qPCR revealed the difference in miR‑99a‑5p expression between normal and CC cell lines. 
**P<0.01 vs. Ect1 cells and ***P<0.001 vs. normal tissues and Ect1 cells. miR, microRNA; CC, cervical cancer; RT‑qPCR, reverse transcription‑quantitative 
PCR; hsa, homo sapiens.

Figure 2. miR‑99a‑5p mimic induces cell apoptosis of SiHa. (A) Reverse transcription‑quantitative PCR revealed the difference in miR‑99a‑5p expression 
between miR‑NC mimic and miR‑99a‑5p mimic. (B) MTT analysis revealed the differences in the OD values of miR‑NC mimic and miR‑99a‑5p mimic. 
(C and D) Flow cytometric experiments showed the difference in the apoptotic rate between miR‑NC mimic and miR‑99a‑5p mimic. *P<0.05, **P<0.01 and 
***P<0.001 vs. miR‑NC mimic. miR, microRNA; NC, negative control.
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and the production of glycolytic product lactate also signifi‑
cantly decreased compared with the miR‑NC mimic group 
(Fig. 3B). Subsequently, the ECAR was examined and the 
results revealed that the ECAR value of the miR‑99a‑5p mimic 
group was significantly lower than that of the miR‑NC mimic 
group, particularly following treatment with the ATP synthesis 
inhibitor, oligomycin (Fig. 3C).

RRAGD is targeted by miR‑99a‑5p, and its expression is 
decreased in CC tissues and cells. To explore the targets of 
miR‑99a‑5p in regulating CC cell apoptosis, the TargetScan 
7.1 website was searched. It was found that the 3'‑UTR of 
RRAGD was potentially targeted by miR‑99a‑5p (Fig. 4A). 
RRAGD is a monomeric GTP/GDP binding protein and 
plays critical roles in the mTOR signaling pathway (19). In 
the present study, to confirm this hypothesis, a dual luciferase 
reporter assay was performed. The results demonstrated that 
in the WT RRAGD 3'‑UTR‑transfected cells, the luciferase 
activity was significantly lower in the miR‑99a‑5p mimic 
group in comparison with the miR‑NC mimic group; however, 
no significant difference was observed between the miR‑NC 
mimic group and miR‑99a‑5p mimic group in the MUT 
RRAGD 3'‑UTR‑transfected cells (Fig. 4B). These results 
indicated that RRAGD was targeted by miR‑99a‑5p.

Subsequently, the expression of RRAGD was examined 
in CC tissues, and it was found that the mRNA level of 
RRAGD was significantly higher in CC tissues compared 
with normal tissues (Fig. 5A). In addition, RRAGD expression 

was negatively correlated with the expression of miR‑99a‑5p 
in CC tissues (Fig. 5B). The expression of RRAGD was also 
detected in CC cell lines. As demonstrated in Fig. 5C‑E, both 
the mRNA and protein levels of RRAGD were higher in the 
SiHa cells than in the Ect1 control cells.

miR‑99a‑5p regulates CC cell apoptosis and glycolysis 
by targeting RRAGD. The present study then determined 
whether miR‑99a‑5p plays a role in the regulation of cell 

Figure 3. miR‑99a‑5p mimic reduces glycolysis of SiHa cells. (A) The difference in the glucose consumption between miR‑NC mimic and miR‑99a‑5p mimic 
is presented. (B) The difference in the lactate production between miR‑NC mimic and miR‑99a‑5p mimic is shown. (C) The difference in the ECAR between 
miR‑NC mimic and miR‑99a‑5p mimic is revealed. **P<0.01 vs. miR‑NC mimic. miR, microRNA; NC, negative control; ECAR, extracellular acidification 
rate.

Figure 4. miR‑99a‑5p targets RRAGD. (A) WT and Mut sequences of 
miR‑99a‑5p‑targeted 3'‑UTR of RRAGD are shown. (B) The difference in 
the the luciferase activity is presented. **P<0.01 vs. miR‑NC mimic. miR, 
microRNA; RRAGD, Ras‑related GTP binding D; WT, wild‑type; Mut, 
mutant; NC, negative control.
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Figure 5. RRAGD is increased in CC tissues and the SiHa cell line. (A) RT‑qPCR analysis revealed the difference in the expression of RRAGD between 
normal and CC tissues collected from the patients in the present study. (B) Pearson correlation analysis showed the relationship between miR‑99a‑5p and 
RRAGD in CC tissues collected from the patients in the present study. (C) RT‑qPCR analysis demonstrated the difference in the RRAGD mRNA expression 
between Ect1 and SiHa cells. (D and E) Western blot analysis showed the difference in the RRAGD protein expression between Ect1 and SiHa cells. ***P<0.01 
vs. normal tissues and **P<0.001 vs. Ect1 cells. RRAGD, Ras‑related GTP binding D; CC, cervical cancer; RT‑qPCR, reverse transcription‑quantitative PCR; 
miR, microRNA.

Figure 6. Ectopic expression of RRAGD reverses the effects of the miR‑99a‑5p mimic on cell apoptosis of SiHa cells. (A) Reverse transcription‑quantitative 
PCR analysis revealed the difference in the RRAGD mRNA expression between pcDNA3.1 and pcDNA3.1‑RRAGD. (B and C) Western blot analysis showed 
the difference in the RRAGD protein expression between pcDNA3.1 and pcDNA3.1‑RRAGD. **P<0.01 and ***P<0.001 vs. pcDNA3.1. (D) MTT analysis 
revealed the differences in the OD values among miR‑NC mimic + pcDNA3.1, miR‑99a‑5p mimic + pcDNA3.1 and miR‑99a‑5p mimic + pcDNA3.1‑RRAGD. 
(E and F) Flow cytometric experiments revealed the differences in the apoptotic rates among miR‑NC mimic + pcDNA3.1, miR‑99a‑5p mimic + pcDNA3.1 
and miR‑99a‑5p mimic + pcDNA3.1‑RRAGD. *P<0.05, **P<0.01 and ***P<0.001 vs. miR‑NC mimic + pcDNA3.1; #P<0.05 and ##P<0.01 vs. miR‑99a‑5p mimic 
+ pcDNA3.1. RRAGD, Ras‑related GTP binding D; miR, microRNA.
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apoptosis and glycolysis in CC by targeting RRAGD. To 
explore whether the overexpression of RRAGD could 
reverse the effects of overexpression of miR‑99a‑5p, a 
pcDNA3.1‑RRAGD plasmid was constructed, which 
could increase the RRAGD mRNA and protein level 
effectively (Fig. 6A‑C). The effects of RRAGD on the 
miR‑99a‑5p‑induced alteration of cell survival and apoptosis 
were then examined. As shown in Fig. 6D, the overexpression 
of RRAGD in SiHa cells effectively reversed the decrease in 
cell number induced by miR‑99a‑5p mimic. In addition, flow 
cytometry also revealed that the overexpression of RRAGD 
effectively reduced cell apoptosis induced by miR‑99a‑5p 
mimic (Fig. 6E and F).

In order to investigate whether RRAGD is involved in the 
effects of miR‑99a‑5p on glycolysis, glucose consumption, 
lactate production and ECAR were detected in RRAGD and 
miR‑99a‑5p‑overexpressing SiHa cells. The results revealed 
that miR‑99a‑5p mimic induced a decrease of glucose 
consumption and lactate production, which was attenuated by 

the overexpression of RRAGD (Fig. 7A and B). In addition, 
ECAR detection assay also demonstrated that RRAGD over‑
expression attenuated the decrease in the ECAR value induced 
by miR‑99a‑5p mimic (Fig. 7C).

Discussion

By analyzing the information from The Cancer Genome Atlas 
database, the present study found that patients with CC with 
a higher expression level of miR‑99a had a higher survival 
rate; moreover, in the collected CC tissues and cell lines, 
miR‑99a‑5p expression was downregulated. These results 
indicated that miR‑99a‑5p is a potential tumor suppressor in 
CC.

Subsequently, it was revealed that the overexpression 
of miR‑99a‑5p reduced the proliferation of SiHa cells; 
this finding is in accordance with that of a previous study 
demonstrating that miR‑99a‑5p reduced the proliferation 
of HeLa cells (20); in addition, the present study found that 

Figure 7. Ectopic expression of RRAGD reverses the effects of miR‑99a‑5p mimic on glycolysis of SiHa cells. (A) The differences in glucose consump‑
tion among the miR‑NC mimic + pcDNA3.1, miR‑99a‑5p mimic + pcDNA3.1, miR‑99a‑5p mimic + pcDNA3.1‑RRAGD groups are presented. (B) The 
differences in lactate production among the miR‑NC mimic + pcDNA3.1, miR‑99a‑5p mimic + pcDNA3.1 and miR‑99a‑5p mimic + pcDNA3.1‑RRAGD 
groups are shown. (C) The differences in the ECAR among the miR‑NC mimic + pcDNA3.1, miR‑99a‑5p mimic + pcDNA3.1, and miR‑99a‑5p mimic + 
pcDNA3.1‑RRAGD groups are revealed. **P<0.01 miR‑NC mimic + pcDNA3.1; #P<0.05 vs. miR‑99a‑5p mimic + pcDNA3.1. RRAGD, Ras‑related GTP 
binding D; miR, microRNA; NC, negative control; ECAR, extracellular acidification rate.
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the overexpression of miR‑99a‑5p promoted the apoptosis 
of SiHa cells. A negative effect of the glycolysis pathway 
is that it leads to the abnormal growth and proliferation of 
cancer cells (6). Furthermore, tumor cell apoptosis is closely 
related to glucose consumption (21). In further experiments, 
the present study explored the effects of miR‑99a‑5p mimic 
on glucose consumption, and it was found that the overex‑
pression of miR‑99a‑5p impaired the glycolysis of CC cells 
by decreasing glucose consumption, lactate production and 
ECAR. It is considered that in patients with CC, miR‑99a‑5p 
may play a role in inhibiting the glycolysis process of tumor 
cells and promoting tumor cell apoptosis, so as to achieve 
an anticancer effect. In follow‑up studies, the unknown 
mechanism was further explored.

Subsequently, it was found that RRAGD was a target of 
miR‑99a‑5p. However, to the best of our knowledge, there 
is no report available to date of the role of RRAGD or the 
miR‑99a‑5p/RRAGD axis in CC. In the present study, RRAGD 
expression was increased in CC tissues and cell lines, which 
was also negatively correlated with miR‑99a‑5p expression 
in CC tissues. It is thus suggested that RRAGD is a potential 
oncogene in CC. Furthermore, it was identified that RRAGD 
was an important substrate for miR‑99a‑5p to regulate apop‑
tosis and glycolysis. Additionally, during the process of the 
present study, an article published in 2021 demonstrated that 
RRAGD expression was elevated in patients with hepatocel‑
lular carcinoma who had a poor prognosis, and RRAGD was 
an important cancer‑promoting factor for cancer progression 
and aerobic glycolysis in HCC (22); this further confirmed 
the findings of the present study, suggesting that RRAGD is 
an important oncogenic factor for cancer progression of CC. 
It may also prove to be a potential therapeutic target for CC 
intervention.

However, the overexpression of RRAGD only partially 
reversed the effects of miR‑99a‑5p mimic on cell apoptosis 
and glycolysis, rather than completely blocking them. It is 
considered that this may be due to the following reasons: 
Firstly, previous studies have demonstrated that miR‑99a‑5p 
can target the mRNAs of other important kinases or proteins, 
such as mTOR (20,23); thus, the overexpression of RRAGD 
was not sufficient to eliminate all the effects of miR‑99a; 
secondly, the overexpression of RRAGD mRNA was also 
under the regulation of miR‑99a, and the overexpression 
of miR‑99a‑5p was sufficient to attenuate the effects of 
RRAGD.

In conclusion, the present study found that the expres‑
sion of miR‑99a‑5p was decreased in CC tissues and cell 
lines. miR‑99a‑5p was found to play a role in inducing cell 
apoptosis and reducing cell glycolysis by targeting RRAGD 
in CC. These findings revealed a possible mechanism of 
miR‑99a‑5p in CC, and provided potential biomarkers and 
therapeutic targets for the diagnosis and treatment of CC. 
However, the effects of miR‑99a‑5p and RRAGD on tumor 
growth in nude mice were not verified in the present study. 
Therefore, such experiments will be performed in future 
studies.
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