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MicroRNAs (miRNAs) are a class of small non coding RNAs of 18-25 nucleotides in length. The temporal or short-lived expression
of the miRNAs modulates gene expression post transcriptionally. Studies have revealed that miRNAs deregulation correlates and
is involved with the initiation and progression of human tumors. Cervical cancer (CC) displays notably increased or decreased
expression of a large number of cellular oncogenic or tumor suppressive miRNAs, respectively. However, understanding the
potential role of miRNAs in CC is still limited. In CC, the high-risk human papillomaviruses (HR-HPVs) infection can affect the
miRNAs expression through oncoprotein E6 and E7 that contribute to viral pathogenesis, although other viral proteins might also
be involved. This deregulation in the miRNAs expression has an important role in the hallmarks of CC. Interestingly, the miRNA
expression profile in CC can discriminate between normal and tumor tissue and the extraordinary stability of miRNAs makes it
suitable to serve as diagnostic and prognostic biomarkers of cancer. In this review, we will summarize the role of the HR-HPVs in
miRNA expression, the role of miRNAs in the hallmarks of CC, and the use of miRNAs as potential prognostic biomarkers in CC.

1. Introduction

MicroRNAs (miRNAs) are noncoding regulatory RNAs of
18-25 nucleotides in size that are derived from coding
or noncoding sequences [1]. Many miRNAs are tissue- or
differentiation-specific, and their temporal or short-lived
expression modulates gene expression at the posttranscrip-
tional level by base-pairing with complementary nucleotide
sequences of target mRNAs [1]. Similarly to genes that
encode for mRNAs, specific miRNAs were classified as
oncogenes (oncomirs) or tumor suppressor genes based
on their expression patterns in tumors [1, 2]. Likewise
there is sufficient evidence that some miRNAs possess a
tumor suppressive/proapoptotic role while others have anti-
apoptotic/proliferation promoting roles in the cell [3-5].
Moreover, miRNA signatures have indicated that aberrant
(increased or decreased) miRNA expression is common in
most human tumors [6] and genome wide miRNAs analyses
indicate that approximately 50% of miRNA genes are located
at fragile sites (FRAs), as well as in minimal regions of loss

of heterozygosity or minimal regions of amplification, which
are associated with cancers [2, 7, 8].

The first report documenting abnormalities in miRNA
expression in tumor samples was on B-cell chronic lym-
phocytic leukemia (B-CLL), where miR-15 and miR-16 are
frequently deleted and downregulated in B-CLL patients [9].
Subsequently, many other studies on different cancer types
have shown deregulation in miRNAs expression. Thus, one
major mechanism that underlies the roles of miRNAs in
cancer development could be deregulated miRNA expression
as compared with normal cells [10].

Studies have identified chromosomal alterations, gene
expression changes, and aberrant promoter methylation asso-
ciated with cervical cancer (CC) [10], but little is known about
the specific role of miRNAs. However, it has been experimen-
tally verified that some miRNAs play an important role in the
hallmarks of CC such as cell cycle progression/proliferation,
apoptosis, angiogenesis, immune response, invasion, and
metastasis. These processes are commonly deregulated in
cancer, indicating the involvement of miRNAs in CC.
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TABLE 1: MicroRNAs expression in cervical cancer.
Author Downregulated Upregulated Materials and methods Reference
+ + : :
miR-23b, miR-34a, miR-101, . ' HPV16", HI.JVIS , an.d HPV negative cervical
Wang et al., . . . miR-15a, miR146a, and cancer cell lines; cervical cancer versus age
miR-143, miR145, miR-218, . : : (11]
2008 and miR-424 miR-223 matched normal cervix samples; microarray
’ platform, Northern blot
Cervical fresh frozen tissues including SCC
Let-7b, miR-10b, miR-29a miR-15b, miR-16, miR-17,  (n = 51), CIN2-3 (n = 51), and HR-HPYV infected
Li et al.. 2011 miR-99a, miR-125b, miR-126,  miR-20a, miR-20b, miR-93, normal cervix with viral cytopathic effect (n = 21) [17]
v miR-218, miR-375, and miR-106a, miR-155, and  and disease-free histologically normal specimens
miR-424 miR-224 (n = 49); microarray platform, quantitative
RT-PCR
Lui etal., let-7a-c, miR-23b, miR-143, . Six c.erv1cal cancer ceu lines and five nprmal
. miR-21 cervical samples; cloning-based technique, (18]
2007 and miR-196b
Northern blot
+ + . .
e IS W18 s
miR-195, miR-218, miR-368, miR-182, miR-183, and miR210 P [30]

al., 2008 and miR-497

versus normal cervix samples; microarray
platform, Northern blot, quantitative RT-PCR

miR-21, miR-124, miR-135b,

Gardiner et

al., 2011 miR-218 and miR-433

miR-545

miR-141, miR-223, miR-301b,
miR-449a, miR-449b,
miR-517a, miR-517¢c, and

Six cervical cancer biopsies, three types of cervical
dysplasia, and four normal cervical tissues; [43]
microarray platform, quantitative RT-PCR

miR-26a, miR-29a miR-143,

Pereiraetal, ¢ 145 miR 99, miR 1992,

miR-10a, miR-132, miR-148a,

Seven cases of high-grade SIL (CINIL #n = 2, and
CINIIL, n = 5), 9 cases of low-grade SIL (CIN I),

2010 MiR203, and miR-513 miR196a, and miR-302b  and 19 normal cervix samples; microarray
platform, quantitative RT-PCR
Lee et al. . . miR9, miR127, miR-199b,  Ten cervical cancer tissue samples versus ten
> ) , , ) 30
2008 miR-149 and miR203 miR-199s, and miR-214 normal cervix controls; quantitative RT-PCR [80]

Whereas the importance of miRNAs in human carcino-
genesis is becoming increasingly recognized, the understand-
ing of the potential role of miRNAs in cervical carcino-
genesis is still limited but postulated by a number of stud-
ies. Furthermore, it has been shown that high-risk human
papillomaviruses (HR-HPVs), despite producing no viral
miRNAs, are responsible for the upregulation of oncogenic
or downregulation of tumor suppressive miRNAs and these
observations could shed more light on HR-HPV-induced
oncogenesis [11, 12]. In addition, it has shown a differential
expression of mature miRNAs during the consecutive stages
of cervical squamous cell carcinoma (SCC) development [10].
These observations suggest that many aberrantly expressed
miRNAs in CC could serve as diagnostic and prognostic
biomarkers. In this review, we will summarize the role of
miRNAs in the hallmarks of CC, the role of the HR-HPV
on miRNAs expression, as well as the possibility of using
miRNAs as potential prognostic biomarkers or therapeutic
agents in the cervical carcinogenesis.

2. miRNAs Expression and Their Regulation
Mechanisms in Cervical Cancer

Nowadays, it is well known that miRNAs can be upregulated
or downregulated in various human cancers. Overexpressed
miRNAs in cancer may function as oncogenes and promote

cancer development by negatively regulating tumor suppres-
sor genes and/or genes that positively control cell differentia-
tion or apoptosis, whereas underexpressed miRNAs in cancer
function as tumor suppressor genes and may inhibit cancers
by regulating oncogenes and/or genes that control cell differ-
entiation or apoptosis [2, 13-15]. Upregulation of miRNAs in
human cancers can result from amplification, deregulation of
a transcription factor, or demethylation of CpG islands in the
promoter regions of the corresponding genes. MiRNAs acting
as tumor suppressors can be downregulated in cancer by
deletions, epigenetic silencing, or loss of transcription factor
expression [15].

2.1. Downregulated Tumor Suppressor miRNAs in Cervical
Cancer. Several miRNAs are downregulated and behave as
tumor suppressors in CC and cell lines derived from this
carcinoma (Table 1). For example, the let-7 family was the
first group of oncomirs (miRNAs related with cancer) identi-
fied. These negatively regulate the expression of oncogenes,
specifically the RAS genes. The overexpression of the RAS
oncogenes has been observed in CC [16], and the expression
of let-7 is found significantly reduced in CC cell lines (Table 1)
(17, 18]. RAS proteins are membrane proteins that regulate
cell growth and differentiation through NF«xB, PKB/AKT,
and MAP kinase signaling. In vitro experiments showed
that let-7 was able to inhibit cell proliferation through RAS
downregulation, inferring that this miRNA may function as
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FIGURE I: A schematic model for the putative roles of the miRNAs in different cellular processes such as cell cycle, apoptosis, proliferation,
invasiveness, migration, metastasis, and angiogenesis in cervical cancer. Bar-headed lines represent inhibition, whereas arrows indicate
stimulation. miRNAs in red represent downregulated (tumor suppressor) expression and miRNAs in blue represent upregulated (oncogenic)
expression in cervical cancer. Chll: cell adhesion molecule with homology to L1; CycEl: cyclin El; Dsg3: desmoglein 3; Mnt: MAX dimerization
protein; NinJ2: ninjurin 2; Pdcd4: programmed cell death 4; RASALL: RAS protein activator like 1; SpinK5: serine peptidase inhibitor Kazal
type 5; and VEGF: vascular endothelial growth factor.

a tumor suppressor in this context [19]. Thus, in cervical = normally inhibits a cohort of prometastatic genes or onco-
cancer let-7 miRNA through the RAS protein expression genes, including FZD7, MAP3K1, PAK2, TGFf3R2, RRAS2,
indirectly alters the cell proliferation by the downstream  or uPA [20]. Moreover, it has been reported that miR-23b
MAP kinase signaling cascade (Figure 1). is downregulated in CC lines [18], which leads to increased

Other downregulated miRNAs in CC have also been  expression of MAP3K1 [20, 21], which has been found
associated with tumor angiogenesis. For example, miR-23b  overexpressed in HR-HPV-positive SCC [22]. These reports



suggest that miR-23b downregulation might have a role not
only in CC angiogenesis but also in metastasis (Table 1 and
Figure 1).

The miR-101 plays a significant role in cell prolifera-
tion, migration, and angiogenesis through the inhibition
of enhancer of zeste homolog 2 (EZH2) (Figure1) [23]. In
prostate cancer, there is an increase in the expression of
EZH2, which appears to be due to decreased expression
of miR-101 [24]. EZH2 is a histone methyl transferase that
is highly expressed in several cancers and associated with
tumor cell proliferation, invasion, and metastasis [25, 26]. In
CC tissue, the EZH?2 expression rate is greater than that in
normal cervical tissue both in mRNA and protein level [25].
A previous report showed that the EZH2 oncogene induces
the inactivation of tumor suppressor genes (MYTI, WNT1,
KCNAI and CNRI) in HeLa nuclear extracts [27] and it
has been also found in stimulating expression of a series of
proliferative genes, including several cyclin genes, such as
Cyclin DI and Cyclin E, that are required for the proliferation
of CC cells [28]. Wang et al. showed that the expression of
miR-101 is frequently reduced in CC (Table1) [11], which
suggests that activation of miR-101 by novel approaches could
become a promising target for the inhibition of CC cell
proliferation.

It was previously reported that miR-126 is a suppressor
of breast cancer metastasis [29]. Li et al. and Martinez et
al. found that miR-126 is downregulated in CC (Table 1)
[17, 30]. Interestingly, this miRNA can inhibit the overex-
pression of VEGF in tumor cells [31], blocking endothelial
cell division, proliferation, and migration [31]. The direct
correlation observed between VEGF overexpression and the
process of angiogenesis in CC [22, 32] suggests that miR-126
is a potential tumor suppressor gene that may play a critical
role in the process of CC angiogenesis (Figure 1).

Several studies have demonstrated that the expression
levels of miR-143 and miR-145 are significantly lower in CC
as compared with their normal counterparts (Table 1) [11,
18, 30]. Wang et al. showed that these miRNAs suppress
cervical (HeLa) cancer cell growth [11], suggesting that
downregulation of miR-143 and miR-145 might lead to cell
proliferation in CC (Figure 1). It is important to note that the
only experimentally verified target for miR-143, ERK5 (also
known as MAPK?7), is known to promote cell growth and
proliferation in response to tyrosine kinase signaling [33].
The ERKS5 role in CC cells and its regulation by miR-143 are
subject of further investigation.

It was recently found that enforced expression of miR-
196b reduced in vitro invasion and in vivo spontaneous
metastasis of breast cancer cells, indicating that this miRNA
plays a tumor suppressor function [34]. In CClines, miR-196b
is downregulated (Table 1) [18] and it has been observed that
downexpression of miR-196b in human CC likely promotes
tumor cell proliferation via increased activity of the HOXB7
transcription factor, which in turn can upregulate several pro-
survival pathways, ultimately leading to tumor progression
(Figure 1) [35, 36].

Previous publications reported that miR-218 was down-
regulated in several cancers such as bladder, lung, and oral
cancer [37-39]. It was demonstrated that miR-218 could
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inhibit tumor invasion and metastasis by targeting Robol
[40], which is an oncogenic transmembrane receptor of the
immunoglobulin family that upon binding to its ligand, Slit2,
cooperates with the Abl kinase to induce cell migration [41,
42]. Several studies have shown that the expression of miR-
218 is frequently reduced in CC (Tablel) [11, 17, 30, 43]
and a recent study reported that downregulation of miR-218
had a strong relationship with later stages of SCC, cervical
adenocarcinoma, and lymphatic node metastasis (Figure 1)
[44], confirming that miR-218 can act as a tumor suppressor
miRNA in CC.

miR-424 is another interesting miRNA that can act
as a potential tumor suppressor [45, 46] in CC; it was
downregulated in both CC tissues and cells derived from
these tumors employing microarray assays (Table 1) [11, 17].
The restoration of miR-424 expression in the human cervical
cancer cell lines SiHa and CaSki remarkably affected several
cell biological behaviors, including the inhibition of cell
growth, by both enhancing apoptosis and blocking G1/S
transition, and the suppression of cell migration and invasion
[47]. Interestingly, overexpression of miR-424 inhibits the
expression of protein checkpoint kinase 1 (CHKI) and the
active phosphorylated form of CHK1 (pCHK1) [47]. CHK1
has for long been known as a key player in determining
cellular responses to DNA damage and governing G1/S, S,
and G2/M phase checkpoints [48]. Moreover, overexpression
of CHKI and pCHKI is frequently observed in CC tissues
and both proteins are positively correlated with the increased
progression and metastatic spread of the disease [47]. On the
other hand, knockdown of CHKI expression mimic overex-
pression of suppressive miR-424 on CC cells, suggesting that
downregulation of miR-424 contributes to the progression
of CC at least partly via upregulation of CHKI expression
(Figure 1).

miR-195 is underexpressed in integrated HPV-16 cervical
cell lines compared to the normal cervix; however, its regula-
tion mechanisms and its targets are still not known.

2.2. Upregulated Oncogenic miRNAs in Cervical Cancer. Sev-
eral miRNAs are overexpressed in CC, which suggests that
these miRNAs may play an oncogenic role (Table 1). A first
example are the members of the miR-10 family that have been
reported to be upregulated in several cancers [7]. miR-10a was
found to be overexpressed in colon cancer [49] and CC [50].
Recently, it was reported that Close Homolog of LI(CHLI),
a type I transmembrane protein involved in cell adhesion, is
a direct target of miR-10a and is negatively regulated at the
mRNA and protein levels [51]. It was demonstrated that CHLI
is poorly expressed in CC tissue specimens, compared to the
nontumor tissue specimens; it is also low expressed in HeLa
and C33A cells (Table 1) [51]. Long et al. presume that, in CC
cells, low expression of CHL1 leads to activation of the MAPK
and PAK pathways, which affects downstream molecules
contributing to cell growth, migration, and invasion [51].
These data demonstrate that the upregulation of miR-10a
expression observed in CC tissues could have an important
role in cell growth, migration, and invasion by targeting CHLI
mRNA in CC cells (Figure 1).
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miR-21 is a highly overexpressed miRNA and considered
oncogenic in numerous cancers [52, 53]. miR-21 down-
regulates the tumor suppressor PTEN in non-small cell
lung cancer [52] and in hepatocellular cancer, in which
PTEN downregulation leads to overexpression of matrix
metalloproteinases MMP2 and MMP?9, that promotes cellular
migration and invasion [54]. These MMPs were found to be
overexpressed in CC and have been associated with invasive
features of cancers [55, 56]. miR-21 also targets the tumor sup-
pressor genes tropomyosin 1 (TPM1), programmed cell death
4 (PDCD4), and Maspin; the latter two have been implicated
in the suppression of tumor invasion and metastasis [57, 58].
PDCD4 has been observed downregulated in CC [59]; it
seems that miR-21 acts directly on the PDCD4 mRNA in
HeLa cells, increasing cellular proliferation [60], suggesting
that miR-21 may play an oncogenic role in CC invasion and
metastasis (Figure 1).

It has been reported that miR-106b could be an oncogene
in cancer, in part because it can promote breast cancer
invasion and metastasis by targeting two important tumor
suppressors: BRMSI and RB [61]. miR-106b is overexpressed
in squamous cell carcinoma of the cervix (Tablel) [17]
and is part of a cluster of miRNAs, along with miR-93
and miR-25, which are located within an intron of the
minichromosome maintenance 7 (MCM?7) gene. MCM7, a
target of the E2FI transcription factor, is a marker for CC
and may be induced by both HPV16 E6 and E7 [62, 63].
Additionally, miR-106b may target ninjurin 2 (NIN]J2), first
cell surface adhesion molecule identified on neural cells [64],
which is also downregulated in CC [65]. Reduction of NINJ2,
via overexpression of miR-106b, could contribute to loss of
adhesion and increased migration of CC cells (Figure 1).

miR-135b is overexpressed in colorectal cancer [66] and in
CC [43] (Table 1). A potential target of miR-135b is the serine
protease inhibitor Kazal type 5 (Spink5), which is downreg-
ulated in CC [65]. SPINKS5 deficiency causes unregulated
epidermal protease activity and degradation of desmoglein 1,
which leads to inefficient stratum corneum adhesion and a
resultant loss of skin barrier function [67]. Overexpression
of miR-135b and loss of SPINK5 and desmoglein 1 could
decrease cellular adhesion, increase proliferation, and change
the epithelial architecture of the cervix and promote a
tumorigenic phenotype (Figure 1).

In numerous cancers, including CC, miR-141 is also over-
expressed (Table 1) [43, 68-70]. Recently, it was shown that
miR-141 downregulates the expression of TGFf2 [71] which
shows reduced expression in CC [72]. This suggests that the
overexpression of miR-141 in the cervical epithelium could
therefore contribute to cervical tumorigenesis (Figure 1).

miR-146a positively contributes to cell growth and sur-
vival, processes mainly related to cancer development and
progression [73]. Recently, Wang et al. reported an increase in
miR-146a expression in CC; they further observed that miR-
146a promotes cell proliferation in CC cell lines [11] (Table 1).
This suggests that miR-146a functions as a growth factor in
CC. However, further investigations are needed to elucidate
the molecular mechanism of miR-146a in CC.

Cell proliferation and cell cycle progression is pro-
moted by miR-148a overexpression through p27 mRNA

degradation, a CDK inhibitor [74]. Particularly interesting
is the report of miR-148a overexpression (Table 1) [50] and
p27 downregulation in CC tissues [75]. This suggests that
miR-148a might promote cervical cell proliferation and CC
by repressing p27 expression (Figure 1).

miR-210 is located within the intron of a noncoding
gene on human chromosome 11 and it is highly expressed
in CC (Table1) [30]. Recently, it has been reported that
miR-210 directly targets MNT mRNA [76]. MNT is a MAX-
interacting transcriptional repressor that functions as a c-
MYC antagonist. Inhibition of MNT expression promotes c-
MYC activity and cell cycle progression in transformed cells
such as colon cancer cells and CC cells (Figure 1) [77]. Since
it is well documented that MYC promotes cell proliferation
in cervical cancer and in squamous intraepithelial lesions of
the uterine cervix [78], it is possible that miR-210 is involved
in cervical carcinogenesis through the promotion of MYC
overexpression.

It was found that miR-214 is highly expressed in ovarian
tumors and functions as an oncogene that inhibits the tumor
suppressor PTEN, leading to activation of the AKT pathway
[79]; it is also overexpressed in CC tissue (Tablel1) [43,
80]. Interestingly, tumor progression in the cervical epithe-
lium is accompanied by loss of PTEN protein expression
and elevated PI3-kinase activity that contribute to growth
promotion through the AKT pathway [81, 82]. Therefore,
these data indicate that miR-214 could be a causal factor
for the downregulation of PTEN in CC, leading to tumor
progression and cell survival via the upregulation of AKT
(Figure 1) (see also miR-2I).

Overexpression of miR-223 was demonstrated in the
myeloid cells of the bone marrow [83]. MiR-223 may target
desmoglein 3 (DSG3), which is downregulated in cervical
intraepithelial neoplasia grade 3 (CIN 3) and CC [65].
Desmoglein 3, a desmosomal adhesion molecule, participates
in intercellular links via desmosome-intermediate filament
complexes and helps to maintain tissue integrity. Reduced
expression of desmoglein 3 increases the colony-formation
efficiency and proliferative potential of primary keratinocytes
[84]. Wang et al. and McBee et al. reported overexpression
of miR-223 in cell lines derived from CC and in CC tissues
[11, 43] (Table 1). These observations suggest that miR-223
may reduce cellular adhesion and promote proliferation of
cancer cells as previously determined for miR-135b (Figure 1).

miR-301b is overexpressed in colon cancer tissue [66]
and CC (Table 1) [43]. This miRNA may target the tumor
suppressor RASALI, which inhibits the RAS protein signal
transduction [43, 85]. RASALI expression is lost in can-
cers, including CC, which promotes activation of the RAS
oncogene [65, 85]. So, overexpression of miR-301b could
potentially increase RAS activation and promote CC via the
downregulation of RASALI (Figure 1).

Importantly, the maintenance of homeostasis in mam-
malian systems requires a tight control in all cellular pro-
cesses and the upregulation or downregulation in the miR-
NAs expression plays an important role in the hallmarks of
CC (Table 2).
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TABLE 2: miRNAs and the hallmarks of cervical cancer.

Hallmarks Functions of miRNAs miRNAs

miR-10a, miR-15b, miR-17, miR-19a/b, miR-21, miR-34a, miR-129, miR-146a,

gfogl‘l‘fl:rt;‘t’g I‘l’f cell Proproliferation miR-148a, miR-196, miR-210, miR-223, and miR-301b.
Antioroliferation let-7, miR23b, miR-26a, miR-101, miR-143, miR-145, miR-196b, 199a,
b miR-203, miR-424, and miR-519.
. . Proapoptosis miR-34a, miR-10b, miR-29a, miR-99a, and miR-195.
Regulation of apoptosis ===
Antiapoptosis miR-17, miR-21, miR-149, miR-182, miR-203, miR-433, and miR-497.

Regulation of

Regulation of limitless . o
immortalization or

miR-24 and miR-34a.

replicative potential

senescence
' . . Proangiogenesis leﬂ, miR—l?, miR—ZO'a, miR-21, miB—23b, miR-26a, miR29a, miR-126,

Regulation of angiogenesis miR133a, miR-183, miR-210, and miR-214.
Antiangiogenesis miR-15b, miR-16, miR-20a, miR-26a, miR-143, miR-145, miR-424, and

miR497.

Regulation of immune Escape from

miR-155, miR-17, miR-23b, miR-26a, miR-29a, miR-17, miR-20a, miR-21,

responses immunosurveillance miR-93, and miR-106b.
. . miR-10a, miR-19a/b, miR-21, miR-23b, miR-106b, miR135, miR-155, and
Regulation of tumor Prometastasis . — -
. . . miR-214.
invasion and metastasis
Antimetastasis let-7, miR-101, miR-126, miR-146a, miR-200, and miR-218.

Regulation of genomic Promote genomic

let-7,miR-15, miR-16, miR-17, and miR20a.

instability instability

Information obtained from microRNA.org-Targets and Expression. miRNAs in bold were experimentally validated in cervical cancer; underlined miRNAs were

experimentally validated in other cancers.

3. High-Risk Human Papillomaviruses
(HR-HPVs) Modify the miRNAs Expression
in Cervical Cancer

Human papillomaviruses are a group of small DNA viruses
that contain a small, double-stranded circular genome of ~
8kb and encode six viral early proteins (E6, E7, El, E2, E4,
and E5) [86]. Certain types of HR-HPVs, such as HPV16
and HPV18, have been recognized as causative agents of CC
and their infections are associated with ~74% of squamous
cell carcinomas and 78%-81% of adenocarcinomas [87, 88].
Therefore, it is conceivable that oncogenic HPV infection
causes aberrant expression of cellular miRNAs. Recent stud-
ies indicate that multiple miRNAs have altered expression
in HR-HPV containing CC cells as compared with HPV-
negative CC cells or normal cervical tissues [30, 89].

Calin et al. reported that one cluster of FRAs at chro-
mosome 17q23 contains three HPV16 integration events and
four miRNA genes (miR-21, miR-301, miR-142s, and miR-
142as); they conclude that these miRNAs are possible targets
of such viral integration that may lead to deregulation of
miRNAs expression [8]. It is well know that a significant
number of miRNAs are located in FRAs and that such sites are
preferential targets for HPV16 integrations, sister chromatid
exchange, translocation, deletion, and amplification in cervi-
cal tumors [8, 90]. In addition, HPV16 positive CaSki and
SiHa cell lines and HPV-positive SCC present miR-21 over-
expression as compared with normal uninfected tissues [91]
which could indicate that miR-21 upregulation might be the
result of HPV integration. However, a direct comparison of
the miRNA expression profiles in integrated versus episomal
HPV16 cell lines did not reveal any significant difference [30].

This observation supports the idea that only the infection
not the integration by HR-HPV is sufficient to modify the
miRNAs expression.

miRNAs expression profiles by microarray analysis have
shown that the miRNAs most highly expressed in normal
cervix were miR-145, miR-26a, miR-99a, let-7a, miR-143, let-
7b, let-7c, miR-125b, miR-126, and miR-195, in that order
(11, 18, 30, 31]. Importantly, some miRNAs are similarly
deregulated while others are not in HPV16 and HPVIS
positive cell lines [30].

(a) HPV16 positive SiHa and CaSki cell lines have shown
an overexpression of miR-182, miR-183, and miR-
210. In contrast, miR-1, miR-126, miR-133b, miR-143,
miR-145, miR-195, miR-214, miR-368, miR-451, and
miR-7029 are underexpressed in these cell lines as
compared with normal cervical tissue.

(b) HPV18 positive HeLa cell line has overexpression of
miR-182 and miR-183, while miR-1, miR-133b, miR-
143, miR-145, miR-214, miR-368, miR-451, and miR-
7029 are underexpressed in this cell line as compared
with normal cervical tissue.

Thus, miR-182 and miR-183 are overexpressed and miR-
1, miR-133b, miR-143, miR-145, miR-214, miR-368, miR-45I,
and miR-7029 are underexpressed in both cell lines contain-
ing integrated HPV16 or HPV18 DNA [30]. Interestingly, it
has been shown that also miR-218 is underexpressed in the
cell lines containing integrated HPV16 DNA as compared
to both the normal cervix and HPV-negative C-33A cell
line. So, this could suggest that miR-218 may be specifically
affected by the presence of HPV16 [30]. These data show that
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the infection by HR-HPVs plays an important role in the
deregulation of the miRNAs expression in CC.

3.1. Modulation of Cellular MicroRNAs Expression by HPV
E6 and/or E7 Oncoproteins in Cervical Cancer. As previously
mentioned, overexpression of oncogenic and underexpres-
sion of tumor suppressive miRNAs in human CC are fre-
quently associated with HR-HPV. This altered expression of
some miRNAs most likely occurs through the viral oncopro-
teins.

3.1.1. Downregulated MicroRNAs by E6. HR-HPV E6 onco-
protein through the degradation of p53 [92] is capable of
regulating the expression of numerous coding and noncoding
genes including miRNAs [14]. In this regard, HR-HPV16
E6 oncoprotein through the degradation of p53 was found
to decrease the expression of miR-23b, which leads to the
increase in the expression of urokinase-type plasminogen
activator (uPA), and thus induces the migration of human
cervical carcinoma SiHa and CaSki cells [93]. This mech-
anism is supported by several evidences: knockdown of
HPV16 E6 by HPV16 E6 siRNA transfection was confirmed
to increase miR-23b expression and decrease uPA expression
in SiHa and CaSki cells; the 3'-untranslated region of uPA
mRNA has binding sites for miR-23b and negatively regulates
uPA expression; the tumor suppressor p53 has a consensus
binding site and activates the promoter region of miR-23b
[93]. Interestingly, miR-23b is often downregulated in HR-
HPV-associated cervical cancer and the upregulation of uPA
induced by reduced expression of miR-23b is known to play a
key role not only in cell migration but also in metastasis and
invasiveness [94] and is considered a prognostic indicator of
CC (Figure 2(b)) [95].

Similarly, miR-34a has also been identified as a direct
transcriptional target of p53. The transactivation of miR-34a
expression is triggered by the binding of p53 to a consensus
p53 binding site identified in the miR-34a promoter region
[96, 97]. Since HPV E6 oncoprotein destabilizes p53 during
virus infection, one may assume that miR-34a expression
is downregulated in most CC tissues with oncogenic HPV
infection. Interestingly, Wang et al. showed that, at all stages
of pathogenesis induced by the HR-HPV types, the E6
oncoprotein expressed from HPV16 or HPV18 inhibits the
expression of tumor suppressive miR-34a by destabilization
of p53, resulting in cell proliferation (Figure 2(b)) [89]. It has
been documented that transfection of miR-34a induces cell
cycle arrest in immortalized mouse cells and in human tumor
cell lines and sensitizes to apoptosis in response to genotoxic
stress [14, 96], which is consistent with the observed ability
of miR-34a to downregulate genes promoting cell cycle
including Cyclin E2, Cyclin D1, CDK4, CDK6, E2FI, E2F3,
E2F5, and SIRTI [14, 98]. In addition, miR34a upregulates
pI8Ink4c, a CDK4 and CDK6 inhibitor of the INK4 family
[99], and downregulates the antiapoptotic Bcl-2 mRNA.

The miR-218 expression is downregulated in several
cancers and is frequently deleted in ovarian, breast, and
melanoma cancers [1]. Although miR-218 is not defined as a
transcriptional target of p53, this miRNA is underexpressed

in the presence of the E6 oncoprotein [30]. miR-218 is
specifically underexpressed in cervical cell lines, cervical
lesions, and cancer tissues containing integrated HPV16
DNA compared to the normal cervix. Moreover, Martinez
et al. revealed that exogenous expression of the HPV16
E6 oncogene reduced miR-218 expression, and, conversely,
RNA interference of E6/E7 oncogenes in an HPV16 positive
cell line increased miR-218 expression. Exogenous expres-
sion of miR-218 in HPV16 positive cell lines decreases
LAMB3transcript and protein levels, a target of miR-218
which increases cell migration and tumorigenicity [30]. These
results suggest that the downregulation of miR-218 by E6 and
the consequent overexpression of LAMB3 may contribute to
cervical tumorigenesis [30].

3.1.2. Upregulated MicroRNAs by E7. The HR-HPV E7 onco-
protein upregulates the expression of the oncogenic miR-15b
in CC [100]. In fact, high expression of miR-15b is observed
in CC (Table1) [17] that correlates with increased CCNA2,
CCNBI, CCNB2, and MCM? expression, E2F-induced genes
that favor proliferation [100]. It is known that E7-mediated
degradation of pRB releases E2F from the pRB-E2F complex
to act as transcriptional factor [101]. Thereby, members of the
E2F family of transcription factors are used by the HR-HPV
to take control of proliferation in the infected cell [17, 100,
102]. Myklebust et al., Ofir et al., and Bueno et al. established
that expression of miR-15a, miR-15b, and miR-16 is positively
regulated by E2F1 and E2F3 [100, 103, 104], suggesting a
mechanism for the upregulation of these miRNAs by the E7
oncoprotein.

On the other hand, it was observed that the expression
of the E7 oncoprotein results in decreased levels of RECK
reversion-inducing cysteine-rich protein with Kazal motifs
(RECK) [105], a membrane bound protein that can exert
inhibitory effects on the transcription, synthesis activity of
MMPs [106, 107]. It has been observed that miR-15b target-
ing to Reck mRNA (Figure 2(a)), which is downregulated
during cervical cancer initiation/progression [105]. These
data suggest that miR-15b may play an important role in
invasion/metastasis/angiogenesis by targeting RECK.

3.1.3. Downregulated MicroRNAs by E7. miR-203 is a critical
molecule for inducing the transition of keratinocytes from
a proliferative state in undifferentiated basal cells to a non-
proliferative status in differentiated suprabasal cells [108].
This important miRNA is negatively regulated by the HR-
HPVE?7 oncoprotein causing a differentiation block [109].
In keratinocytes, the p63 family of transcription factors
was identified as a primary target of miR-203 action, with
ANp63 being the primary member expressed in epithelia and
negatively regulated by miR-203 [108, 110].

ANp63 is expressed at high levels in proliferating
undifferentiated basal keratinocytes but is downregulated
in normal differentiated nonproliferating cells [111]. These
changes in the ANp63 expression suggest that this protein
is a regulator of the balance between epithelial prolifer-
ation and differentiation [111]. Moreover, the HR-HPVE7
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oncoprotein is the primary viral factor responsible for block-
ing expression of miR-203, probably by negative regulation
of the transcription factor NF«xB which has binding sites
in the miR-203 promoter region (Figure 2(e)) [109, 112].
Otherwise, several downstream targets of p63 were increased

in E7-expressing cells, and their levels were inversely corre-
lated with amounts of miR-203. The expression of miR-203
is also significantly reduced in cells where p53 function is
compromised or after the degradation of p53 induced by E6,
thereby providing more evidence as to how HPV infection
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could lead to deregulation of proliferation and differentiation
in keratinocytes during the development of CC [113].

3.1.4. Upregulated or Downregulated MicroRNAs by Both E6
and E7. miR-129 is considered a candidate miRNA with
potential tumor suppressor activity. This miRNA may sup-
press cell growth; but its expression levels are much lower
in tumor cell lines or tumors derived from neural, gastric,
colorectal, and cervical tissue than in their respective normal
tissues [17, 50, 114-117]. CDKG6 is a direct target of miR129
in CC, so downregulation of miR-129 results in upregulation
of CDK6 and cell cycle deregulation in this carcinoma.
Li et al. found that CDK6 was positively correlated with
E6/E7 mRNA expression [17]. Furthermore, overexpression
of CDK6, CDK4, and cyclin D1 is present in all cases of CC
[78], which is believed to be a primary event that facilitates
GI-S cell cycle progression. This action requires cyclin D1
binding to CDK4 and CDK6, which phosphorylate and
inactivate RBI, leading to the release of E2F transcription
factors and the subsequent progression of the cell into the S
phase [17]. Data demonstrate that downregulation of miR129
and upregulation of CDK6 by either E6 or E7 oncoprotein
cooperate with cyclin D1 to further promote cell cycle
progression in CC (Figure 2(c)).

On the other hand, the miR-155 oncogene is an impor-
tant miRNA upregulated by the TGFf/Smad4 pathway.
This miRNA contributes to the TGFf induced epithelial-
mesenchymal transition (EMT) and cell migration and inva-
sion by targeting RhoA (ARHGAPI2) [118]. RhoA has a
positive or negative impact in cellular processes, including the
promotion of cellular adhesion and polarity and decreased
motility, and is an important modulator of cell junction
formation and stability [119]. Previously, it was reported
that RhoA is negatively regulated by miR-155 contributing
to tight junction disruption. E6 and E7 oncoproteins from
HPV16 induce activation of TGES, [120], which has been
implicated in metastatic CC [121]. Otherwise, RhoA has been
reported to be downregulated (-2.7-fold change) in CC,
suggesting negative regulation by E6 and E7 oncoproteins
through TGFp, [122]. Additionally, miR-155 has been found
to be overexpressed in invasive breast cancer [49, 123] and
CC (Table 1) [17]. These data suggest that miR-155 may play
an important role in cell migration and invasion by targeting
RhoA and indicate that this oncomir is a potential therapeutic
target for cervical cancer (Figure 2(d)).

3.2. The E5 Oncoprotein Also Regulates the Expression of
miRNAs. Although it has been shown that the E6 and E7
viral oncoproteins play important roles in the expression
of miRNAs, this does not exclude the possibility that the
expression of many other miRNAs in CC could be deregu-
lated due to the HR-HPVES5 oncoprotein or due to epigenetic
control unrelated to viral gene expression. The E6 and E7
oncoproteins are well known to induce tumorigenicity and
the E5 oncoprotein may enhance the effect of E6 and E7
oncogenes in CC [124, 125]. Recently, it was suggested that
E5 alone might have high oncogenic potential, because E5
transgenic mice were shown to develop CC after prolonged

estrogen treatment [124] as was previously shown for HR-
HPV E7 transgenic mice [126]. It has been observed that
genes implicated in cell motility and cell adhesion are affected
by E5 expression, which suggests that E5 is highly implicated
in the carcinogenic process [125].

However, the specific effect of the E5 oncogene on
genome-wide expression of known human miRNAs has been
least studied so far. The effect of HPV16E5 on the expression
of host miRNAs was studied in uninduced HaCaT cells as
well as after 24, 48, and 72 hours of E5 induction (HaCaT-
E5) under the control of a dexamethasone inducible promoter
[127]. miRNAs microarray analysis showed that, in the
presence of E5, miR-324-5p was constantly downregulated
and miR-146a was constantly found upregulated in HaCaT-E5
cells at all time points examined [127]. Interestingly, a strong
upregulation of N-cadherin, which is a predicted target of
miR-324-5p, and downregulation of PDZD2, which is target
of miR-146a, have been shown [127]. The cadherins not
only establish adherens junctions but also regulate molec-
ular polarity during migration. N-cadherin is required for
microtubule organizing centre orientation and directional
migration of smooth muscle cells [128]. In cervical dysplasia,
N-cadherin is expressed at cellular junctions throughout
the epithelium, whereas the expression in normal tissue
is restricted to the bottom layers of the epithelium [127].
Intriguingly, upregulation of mesenchymal markers such
as N-cadherin is seen in epithelialmesenchymal transition
(EMT), a crucial process activated in cancer and generating
cells with stem cell properties [129]. PDZD2 encodes a
PDZ domain protein, which is a component of the cellular
adhesion complexes, including tight and adherent junctions.
Additionally to the posttranscriptional negative regulation of
PDZD2 by miR-146a, HR-HPVE6 may potentially interact
with this PDZ domain containing protein and, after EGAP
ubiquitin ligase recruitment, induce its degradation [130].

Although Melar-New and Laimins previously reported
that miR-203 is constantly repressed by the HR-HPV E7
proteins with subsequent upregulation of ANp63 [109], miR-
203 downregulation and modest upregulation of p63 were
also observed at late time points (96 h) in HaCaT-E5 cells
[127], suggesting that the oncogenic roles of both the E7 and
the E5 proteins are mediated by miR-203, but the regulation
by the HPVE7 oncoprotein could be more important than the
regulation by the E5 oncoprotein. These observations indicate
that HR-HPV infection and subsequent transformation take
place through complex patterns of gene expression in the
host cells, regulated in part by the E5 oncoprotein and related
miRNAs.

4. miRNAs in the Prognostic of
Cervical Cancer

The miRNAs in mammalian cells have an average half-life of
around 5 days, 10 times more than that of regular mRNAs
[131]. These small RNAs are resistant to degradation by RNase
A [132], high temperature, extreme pH, and freeze-and-
thaw cycles [133]. These characteristics of miRNAs make
them suitable to serve as prognostic biomarkers of diseases.
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The miRNA expression profile can discriminate between nor-
mal tissue and tumor tissue and this differential expression
can also be used as a prognostic marker for clinical aggres-
siveness of human cancer [134]. For example, Calin et al., in
chronic lymphocytic leukemia, reported a miRNA expression
signature composed of 13 mature miRNAs that were associ-
ated with prognostic factors and disease progression [135].
Roldo et al. revealed in pancreatic endocrine tumors and
pancreatic acinar cell carcinomas that the overexpression of
miR-21 was strongly associated with a high Ki67 proliferation
index and the presence of liver metastasis [136]. Blenkiron
et al. reported that analysis of miRNA expression could
distinguish between mammary invasive ductal carcinoma
and mammary medullary carcinoma [137]. In lung squamous
cell carcinoma, miR-155, let-7, and miR-146a are of prog-
nostic use [138]. Given the significant association of miRNA
expression profiles with carcinogenesis, it is likely that a
selected set of miRNAs could be used to build a predictive
model for CC prognosis. Thus, Hu et al. proposed that
the level of tumors suppressor miR-200a and miR-9 could
predict CC patient survival. Both miRNAs were significantly
associated with disease outcome and local recurrence-free
survival, as well as with independent prognostic value from
clinicopathologic features [139]. The authors suggest that
miR-200a and miR-9 could play important regulatory roles
in CC control because miR-200a is likely to decrease the
metastatic potential of CC cells by coordinate suppression of
multiple genes inducing cell motility; miR-9 could potentially
be involved in tumor control blocking the high metabolic
rate important for the rapid proliferation of CC cells [140].
Furthermore, high levels of the oncogenic miR-210 were
associated with disease recurrence and short overall survival
in head and neck squamous cell carcinoma and this miRNA
is also upregulated in CC [30, 141]. Several authors have
reported that increased miR-127 and miR-21 expression were
associated with cervical carcinogenesis and lymph node
metastasis [90, 134]. In contrast, low levels of miR-218 and
miR-424 have also shown to have a good prognostic role in
CC [44, 47]. This shows that many aberrantly expressed miR-
NAs in CC could serve as prognostic biomarkers (Table 1).
Furthermore, the development of a biomarker panel may be
useful in determining which patients with cervical dysplasia
are likely to progress to more invasive disease, and it may
also be a useful prognostic indicator in patients with invasive
cancer. However, more studies are necessary to determine the
diagnostic and prognostic implications of many differentially
expressed miRNAs in CC.

5. Conclusion

The above studies show that miRNAs are emerging as
contenders for future biomarkers of cervical cancer. The fact
that differing levels of miRNAs have been detected between
cervical cancer cases belonging to specific histopathologi-
cal groups and healthy controls certainly promotes these
molecules as potential biomarkers. Moreover, these studies
provide evidence that there is interplay between viral onco-
proteins and miRNAs that could be used as early biomarkers

BioMed Research International

in CC and potentially useful to determine disease prognosis.
However, future studies are needed to dissect the function,
transcriptional targets, and the mechanisms by which many
miRNAs regulate the cellular events within both normal and
cervical cancer tissue that could give better information on
their role as biomarkers, as well as in prognosis and therapy
of cervical cancer.
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