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Abstract. Oncogenic microRNA-21 (miR-21/miRNA-21) is a
stable inhibitor of gene expression that is often upregulated in
cervical cancer, a disease that affects the health of women and
tends to transform and spread. Previous studies investigating
miR-21 in biopsies and cells from cervical cancer patients
have identified that miR-21 binds target mRNAs in signaling
pathways or long non-coding RNAs (IncRNA). Furthermore,
studies have elucidated the molecular mechanisms of two
tumor necrosis factor oo (TNF-a) signaling pathways that
promote cell proliferation and inhibit cell apoptosis. miR-21
inhibits the TNF receptor 1 (TNFR1) signaling pathway and
activates the TNFR2 signaling pathway. Moreover, miR-21
enhances cervical cancer cell proliferation by influencing the
protein kinase B/mammalian target of rapamycin and RAS
p21 protein activator 1 signaling pathways. The present review
discusses the evidence that miR-21 may impact cervical cancer
through inhibiting apoptosis and enhancing proliferation, and
may therefore be a target for clinical intervention.
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1. Introduction

Cervical cancer has a high incidence rate and poses a serious
health risk to women. Nearly 50 million new patients with
cervical cancer are recorded worldwide annually (1). At
present, no effective treatment for patients with advanced
cervical cancer exists. Therefore, identifying targets for
diagnosis and treatment is essential (2,3).

MicroRNAs (miRs/miRNAs) are small non-coding RNAs
that regulate protein at the mRNA level; they are 18 to 22
nucleotides in length, and are ubiquitous in eukaryotes (4-6).
A number of studies have reported the abnormal expression of
miRNAs in cervical cancer, including increased expression of
miR-21 and miR-218, and reduced expression of miR-34 and
miR-145 (7-10). Alterations in the levels of these miRNAs have
been demonstrated to influence the expression of certain steps
in key signaling pathways, including caspase-8 and caspase-3
in apoptosis, and phosphatase and tensin homolog (PTEN), an
important tumor suppressor (11,12).

miR-21 acts as an oncogene in cancer (13) by regulating
a number of pathways involved in tumor development. In the
present review, the signaling pathways regulated by miR-21
in cervical cancer were systematically summarized, including
the TNF-a/caspase-3/caspase-8, PI3K/AKT/mTOR and
RAS/MEK/ERK pathways. The impact of miR-21 on GASS
IncRNA and TIMP3 was also discussed. miR-21 also regu-
lates other pathways, including tropomyosin 1, pro-apoptotic
FAS ligand, B-cell translocation gene 2, Sprouty and F-box
subfamily 1 (14). The present review provides an overall
analysis of miR-21 and its impact in signaling pathways.

2. miR-21 expression and gene targeting in cervical cancer

The ability to influence cell proliferation by regulating miR-21
expression may prove to be a novel mechanism to prevent and
treat cervical cancer. Upregulation of miR-21 expression has
been demonstrated in numerous studies using patient tissue
samples, whole blood and cervical cancer cell lines, including
HelLa, SiHa and HT-3 cells (Table I) (7,11-13,15-18). These
studies identified target genes, including von Hippel-Lindau
tumor suppressor (VHL), tumor necrosis factor o (TNF-a),
tissue inhibitor of metalloproteinases 3 (TIMP3), growth
arrest-specific 5 (GASS5), RAS p21 protein activator 1
(RASA1), programmed cell death 4 (PDCD4) and PTEN,
as shown in Table I. The mechanism by which miR-21
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Table I. Targets of microRNA-21 in cervical cancer.
First author  Year Sample type Target gene Target region  Expression change  (Refs.)
Cai et al 2018 Cervical carcinoma cell VHL 3'-UTR Downregulated (32)
lines: SiHa, HelLa, CaSki,
C-4-1 and C-33-A
Xu et al 2017  HeLa Cells TNF-a Unknown Upregulated (11)
Zhang et al 2018 Cervical carcinoma tissues,  TIMP3 3-UTR Downregulated @)
HeLa and SiHa cell lines
Wen et al 2017 Cervical cancer tissue GAS5 3'-UTR Downregulated (13)
Zhangetal 2016  Whole-blood, HeLa and RasAl 3-UTR Downregulated (15)
HT-3 cells
Chen et al 2015  HeLacell PDCD4 and PTEN 3'-UTR Upregulated (12)
Yao et al 2009 HelLa cells PDCD4 3'-UTR Downregulated (18)

VHL, von Hippel-Lindau tumor suppressor; TNF-a, tumor necrosis factor o; TIMP3, tissue inhibitor of metalloproteinases 3; GASS, growth
arrest-specific 5; RasAl, RAS p21 protein activator 1; PDCD4, programmed cell death 4; PTEN, phosphatase and tensin homolog;

UTR, untranslated region.

regulates TNF-a expression is unclear. miR-21 may regulate
numerous signaling pathways via its target genes, including
TNF-a/caspase-3/caspase-8, RASAl/mitogen-activated
protein kinase kinase (MEK) and protein kinase B/mamma-
lian target of rapamycin (AKT/mTOR) pathways. Certain
target genes of miR-21 do not participate in these signaling
pathways, including TIMP3 and GASS (7,13).

3. miR-21 and the TNF-o/caspase-3/caspase-8 signaling
pathway

Cell apoptosis is a complex, multistage process that involves
numerous genes. Apoptosis can be induced by endoplasmic
reticulum stress, the mitochondrial pathway and death receptor
pathways. The expression and function of TNF-a, caspase-3
and caspase-8 have been extensively studied in cancer apop-
tosis. These genes appear to serve important roles in disease
pathogenesis and can be used as important prognostic markers.
miR-21 has been shown to upregulate mRNA and protein
expression levels of TNF-a through an unknown target in
HeLa cells, thus impacting their proliferation (11). TNF-a has
two receptors (TNFR1 and TNFR?2) (19). As shown in Fig. 1,
the cellular apoptosis program is activated when TNF-a,
which is upregulated by miR-21, binds and activates the
TNFRI receptor in HeLa cells (20). The proliferation capa-
bility of the cells is activated when TNF-a binds to TNFR2,
upregulating nuclear factor kB (NF-kB), and thus inhibiting
caspase-3 and activating c-Jun N-terminal kinase (JNK) (11).
Overexpression of miR-21 has been shown to activate the
NF-kB/INK signaling pathway in certain studies (21-23).

4. miR-21 and the AKT/mTOR signaling pathway
Signaling through phosphoinositide3-kinase (PI3K) and its

downstream targets, AKT and mTOR, serves a key role in
differentiation, proliferation and cell survival (24). Tumor cell

proliferation is increased by activating the PI3K/AKT/mTOR
signaling pathways (Fig. 2). The tumor suppressor PTEN is a
negative regulator of the PI3K/PTEN/AKT signaling pathways,
and it targets AKT to regulate cellular functions, including
cell growth, differentiation, proliferation and migration (25).
PTEN is significantly upregulated in miR-21-knockout cells,
indicating that miR-21 downregulates PTEN and reduces
its negative regulation of the PI3K/PTEN/AKT signaling
pathway (12).

PDCD4 is a tumor suppressor that inhibits translation initia-
tion by binding to eukaryotic initiation factor 4A (eIF4A) (26).
A number of experiments have shown that PDCD4 is an
important target of miR-21 and can regulate the proliferation
of cancer cells (12,18). Downregulation of PDCD4 by miR-21
increases HeLa cell growth (18).

5. miR-21 and the RasA1 signaling pathway

KRAS is an oncogene that is frequently mutated in cancer,
leading to constitutive activation of the RAS/MEK/extra-
cellular signal-regulated kinase (ERK) signaling pathway,
which promotes cell proliferation, anti-apoptosis signaling
and malignant transformation (27). RasAl is a member of
the Ras-GTPase-activating family that inactivates KRAS.
Luciferase activity assay in 293T cells demonstrated
the miR-21 targets the 3'-untranslated region of RasAl
mRNA (15). Furthermore, cell proliferation is increased by
miR-21 targeting RasAl and activating the RAS/MEK/ERK
signaling pathway (Fig. 2) (28).

6. miR-21 and other target molecules

Long non-coding RNAs (IncRNAs) serve an important
regulatory role in the biological activities of tumor cells.
The accumulation of IncRNA GASS, a tumor suppressor,
in growth-arrested cells is regulated by the mTOR and
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Figure 1. miR-21 and TNF-a signaling. miR-21, microRNA-21; TNF-a, tumor necrosis factor a; TNFR1/2, tumor necrosis factor receptors 1/2; NF-xB, nuclear
factor kB; JNK, c-Jun N-terminal kinase; TRAF2, TNF receptor-associated 2; SODD, silencer of death domain; TRADD, TNFRSF1A-associated via death
domain; FADD, Fas-associated via death domain.
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Figure 2. miR-21 and the AKT/mTOR and RasA1 signaling pathways. miR-21, microRNA-21; RasAl, RAS p21 protein activator 1; Raf, Raf proto-oncogene;
Mek, mitogen-activated protein kinase kinase; Erk, extracellular signal-regulated kinase; PI3K, phosphoinositide 3-kinase; AKT, protein kinase B;
mTOR, mammalian target of rapamycin; PTEN, phosphatase and tensin homolog; S6K1, ribosomal protein S6 kinase-1; PDCD4, programmed cell death 4;
elF4A, eukaryotic initiation factor 4A.

nonsense-mediated mRNA decay pathways (29). Wen et al (13)  (MMPs) and their inhibitors, including TIMP3, an inde-

demonstrated that miR-21 directly targets GASS IncRNA,

which can be used to diagnose the clinical stage of cervical
cancer.

Deregulation of extracellular matrix homeostasis in
cancer contributes to tumor growth and metastasis (30).
This process is mediated by matrix metalloproteinases

pendent promising biomarker in different cancer types.
TIMP3 inhibits MMP activity to reduce the migration and
invasion of cancer cells (30,31). Zhang et al (7) found that
miR-21 directly targets TIMP3 causing cervical cancer
cells to become increasingly invasive and proliferative, and
increasing their viability.
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7. Conclusions and perspectives

The present review provides insight into the effect of miR-21
on cervical cancer cells, thus supporting novel concepts for
the diagnosis of the disease. As shown in Table I, miR-21
binds different target genes and regulates numerous signaling
pathways, which alter cancer cells. miR-21 can be used as a
biomarker of diagnosis and potentially as a therapeutic target.

The proliferation and apoptosis of cervical cancer cells
requires the involvement and co-operation of numerous
signaling molecules. The TNFR1/caspase signaling pathway via
caspase-8/-3 can induce widespread cancer cell apoptosis upon
binding to TNF-a, which is regulated by miR-21 targeting of an
as-yet-unknown intermediate (Fig. 1). Transcribed miR-21 can
also upregulate cervical cancer cell proliferation via TNFR2
signaling by activating JNK and inhibiting caspase-3.

miR-21 can regulate other signaling pathways as shown
in Fig. 2. Cervical cancer cell proliferation increases due to
miR-21 binding and the inhibition of PTEN, thus inducing
the PI3K/AKT/mTOR signaling pathway activity. Moreover,
cell proliferation increases subsequent to miR-21 binding to
RasAl, which inhibits the RAS/MEK/ERK signaling pathway.
Furthermore, miR-21 can reduce the inhibition of eIF4A by
PDCD4 and promote cell proliferation.

miR-21 has potential as a biomarker for the diagnosis and
prognosis of cervical cancer, or as a treatment target in combi-
nation with other drugs to reduce metastasis. More research is
essential to uncover the targets of miR-21 and its role in signaling
pathways in cervical cancer, and to understand the mechanisms
behind its activity.
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