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ABSTRACT

Human papillomavirus (HPV) associated cancers, and in particular cervical cancer, are considered to be directly stimulated
by HPV oncogenes. Alternatively, these types of cancers could also be indirectly stimulated by HPV-induced chronic
inflammations, which in turn are also caused by HPV oncogenes activity. Chronic inflammation is associated with repeated
tissue injury and development of mutations in the vital tumor suppressor genes. Thus, it is important to understand that
the persistent HPV infection and its associated chronic inflammation is responsible for the progression of HPV-induced
cancers. HPV E5, E6 and E7 could upregulate the expression of cyclooxygenase (COX)-2 and prostaglandin (PG) E2 followed
by the activation of the COX-PG pathway. This pathway is assumed to be the main cause of HPV-induced inflammation.
Additionally, HPV oncogenes could have an impact on the upregulation of pro-inflammatory cytokines in HPV-positive
patients. The upregulation of such cytokines accelerates the incidence of inflammation following HPV infection. Other
factors such as microRNAs, which are involved in the inflammation pathways and aging, give rise to the increased level of
pro-inflammatory cytokines and could also be responsible for the acceleration of HPV-induced inflammation and
consequent cervical cancer. In this review, the exact roles of HPV oncogenes in the occurrence of inflammation in cervical
tissue, and the effects of other factors in this event are evaluated.
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INTRODUCTION

According to the World Health Organization (WHO) report, cer-
vical cancer is the fourth most common cancer among women,
with approximately 570 000 new cases in 2018 (6.6% of all female
cancer) (World Health Organization 2018). Furthermore, the inci-
dence and fatality of this type of cancer is striking in East African
and South Asian women (Arbyn et al. 2011). Cervical cancer
cases, in these regions, are usually identified when the last stage

of the disease is ongoing, because of the insufficient diagnosis
methods and lack of equipment (Getahun et al. 2013; Catarino
et al. 2015). There are some risk factors that are considered to be
culprits for the induction of this type of cancer, such as gene
polymorphisms (Pillai et al. 2002; Ni et al. 2011). However, the
majority of cervical cancer cases are associated with persistent
human papillomavirus (HPV) infections (Schiffman et al. 2007).
HPV infection could also take part through the induction of some
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other types of cancers, including head and neck cancers, tonsil-
lar carcinomas, penile cancer, etc. (Gross and Pfister 2004; Her-
berhold et al. 2017; Sarkar et al. 2017).

HPVs are the member of DNA viruses that are epitheliotropic
and, based on its oncogenic ability, are divided into three groups:
high-risk (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -
59, -68, -73, -82), probably high-risk (HPV-26, -53, -66) and low-
risk (HPV-6, -11, -40, -42, -43, -44, -54, -61, -70, -72, -81) (Dueñas-
González et al. 2005). High-risk HPVs, and particularly HPV-16
and HPV-18, are proven to be the main motive of cervical can-
cer (Bouvard et al. 2009). Among the well-known targets of HPV
oncoproteins (E5, E6 and E7), including cellular tumor suppres-
sors (pRB and p53) and epidermal growth factor receptors (EGFR)
(Mathur et al. 2001; Kim et al. 2010; Tommasino 2014; Hemmat
and Baghi 2018), some inflammation pathways are reported to
be stimulated by this oncoprotein activity (Georgescu et al. 2018).

The relationship between inflammation pathway stimula-
tion and induction of cancer has been considered for many
years. Chronic inflammation, following tissue damage, could
contribute to cell transformation and proliferation (Balkwill
and Mantovani 2001). Cell proliferation, by itself, is not able
to develop cancerous tumors. However, if this phenomenon is
accompanied by an environment rich in inflammatory cells,
DNA damage-inducing factors and growth factor activation, it
could lead to an increased-risk of the neoplastic process taking
place (Coussens and Werb 2002).

Cancerous cervical cells represent a deteriorated and hyper-
activated induction of inflammation pathways (Balkwill and
Mantovani 2001; Balkwill and Coussens 2004) and considering
that HPV infections are the main cause of cervical cancer, in
the current review, we consider the exact roles of HPV-induced
inflammation in the progression of cervical cancer. We also eval-
uate the functions of HPV-associated proteins within this pro-
cess in detail.

HPV ONCOGENICITY

Among the early proteins, which are encoded in the HPV
genome, E5, E6 and E7 are best known as HPV-associated onco-
proteins. These proteins could exert their effects on different
stages of cellular division and its associated signaling pathways
(Schiffman et al. 2007) (Fig. 1). High risk (HR) HPV E6 is a short pro-
tein that contains zinc finger domains and PDZ-binding motifs,
by which E6 is able to put on its efficacies through cell trans-
formation (Kiyono et al. 1997; Lee, Weiss and Javier 1997). HR
HPV E6 acts through three different means: degradation, inter-
action and disruption (Wallace and Galloway 2015). One of the
most important tumor suppressors, p53, has been proven to
be the main target for E6. Furthermore, in this suppression, E6
should interact with another protein called E6-associated pro-
tein (E6AP). Generally, HR HPV E6 interferes in the degradation
of p53, telomerase activation, immortalization of the infected-
cell, microRNAs regulation, genome destabilization, G protein
signaling, disturbance of the innate immune system, debilita-
tion of cellular apoptotic signaling and changing in cell adhe-
sion, polarity and differentiation (Wallace and Galloway 2015).
As with E6, HR HPV E7 proteins are also functionally correlated
with the induction of cellular transformation. The principal tar-
get of E7 is reported to be another important cellular tumor sup-
pressor, retinoblastoma protein (pRb) (Dyson et al. 1989). The
consequence of this disruption, in the interaction of pRB and
E2F (a transcription factor), leads to the maintenance of S-phase
capability in the differentiated epithelium (Hwang et al. 2002).
Additionally, it had been reported that E7 could abolish the E2F6

capacity to behave as a transcription suppressor (McLaughlin-
Drubin, Huh and Munger 2008). Recently, some studies have
depicted that PTPN14, another important tumor suppressor, is
targeted by HPV E7 protein. This suppressive interaction can
facilitate the HPV life cycle as well as the progression of malig-
nancies (White, Munger and Howley 2016; Szalmás et al. 2017;
Hatterschide et al. 2019; Yun et al. 2019). In general, HR HPV E7
is involved in the cellular transformation procedure by associ-
ation with, pRB degradation and maintenance of S-phase capa-
bility, interferon signaling pathways, chromosomal destabiliza-
tion and abnormality, cellular metabolism, epigenetic modifica-
tion, interference with microRNAs regulation and regulation of
cellular growth factors (Mittal and Banks 2017). E6 and E7 not
only participate in cell transformation by their direct effects sup-
pressors but also by providing an inflammatory microenviron-
ment around the HPV-infected cell (Iuliano et al. 2018). HR HPV
E5 proteins, as another type of the HPV oncoproteins, play a key
role in cellular transformation; particularly by intervention in
the EGFR signaling pathway (Genther Williams et al. 2005). Over-
all, E5 could contribute to the HPV oncogenicity by disturbance
in the degradation of EGFR, induction of angiogenesis in cancer-
ous cells, providing proper resistance to cellular apoptosis and
immune evasion (Kim et al. 2010). Similarly to E6 and E7, E5 has
also been shown to correlate with the induction of inflammation
pathways (Kim et al. 2009).

RELATION OF INFECTION-INDUCED
INFLAMMATION AND CANCER

Inflammation as the accelerator for cancer
development

Correlation of inflammation and cancer poses an important
issue in the detection of tumor origins and has been researched
for several years (Coussens and Werb 2002; Proctor et al. 2010).
It has been proven that cancerous cells could release several
cytokines and chemokines, by which diverse types of leuko-
cytes migrate to the tumor location, including neutrophils,
macrophages, lymphocytes, mast cells and dendritic cells.
These immune cells occur after the secretion of cytokines, reac-
tive oxygen species (ROS) and cell death-associated mediators
(such as tumor necrosis factor-alpha (TNF-α)), interferons, and
interleukins (Wahl and Kleinman 1998; Kuper, Adami and Tri-
chopoulos 2000). Tumor-associated macrophages (TAMs) consti-
tute a pivotal ingredient of inflammation and are brought to the
neoplastic sites, and based on their functions, neoplasm could
have two different fates: survival or degeneration. If TAMs get
activated by interleukin (IL)-2, IL-12 and interferons, they could
take part in the killing of neoplastic cells. On the other hand,
they could potentiate cancer development by the production
of angiogenesis-associated growth factors (Brigati et al. 2002;
Schoppmann et al. 2002; Tsung et al. 2002).

The causative feature of inflammation in cancer progres-
sion is manipulated by two different origins, exterior agents-
induced inflammation (such as infection) and interior agent-
induced inflammation (such as genetic mutations) (Mantovani
et al. 2008). It has been demonstrated that numerous malig-
nancies emanate from chronic inflammation, which has been
the consequence of infection (exterior) (Kuper, Adami and Tri-
chopoulos 2000; Shacter and Weitzman 2002). However, the rela-
tionship between the inflammation and inducing of cancer is
thoroughly accepted, the exact molecular mechanisms mediat-
ing this relationship have not been completely illuminated yet.
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Figure 1. The roles of HPV oncogenes in carcinogenicity.

Figure 2. COX-PG pathway in HPV-induced inflammation. HPV E6 and E7 proteins could stimulate the angiogenesis process, diapedesis of innate immune cells such as
monocytes, dendritic cells and neutrophils, and upregulation of MMPs. Matrix metalloproteinases alter the normal extracellular matrix to aberrant extracellular matrix.
Moreover, E7 increases the influx of neutrophils into the cervical tissue by inhibition of the leukocyte elastase inhibitor (LEI). E6 and E7 are also able to upregulate the

expression of cyclooxygenase 2 (COX-2) and prostaglandin E2 (PGE2) by EGFR-Ras-MAPK signaling pathway depending on a cyclic adenosine monophosphate (cAMP)-
mediated manner. Another HPV oncogene, E5, could demonstrate this effect by the EGFR-NF-κB-AP-1 signaling pathway instead. Overexpression of cAMP gives rise
to the protein kinase A (PKA) mediated-activation of prostaglandin E receptor 2 and 4 (EP2 and EP4). As a result of these phenomena, COX-PG pathway gets induced

followed by the induction of chronic inflammation and consequent cervical cancer.
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Figure 3. Pro-inflammatory cytokines in HPV-induced inflammation. Several pro-inflammatory cytokines are increased in the plasma of patients with genital HPV
infection, including IL-6, IL-8, TNF-α, MIP-1α, GMCSF, IL-1α and IL-1β. By decreasing of IL-2, IL-12 and TNF-α, and increasing of TGF-β in cervical tissue, the ratio of
Th1/Treg is disturbed. Moreover, upregulation of TGF-β, IL-10, IL-6, IL-23, IL-17 and downregulation of IFN-γ give rise to the disturbance of Th17/Treg ratio. Eventually,

these events lead to the induction of chronic inflammation. HPV E7 could elevate the expression level of IL-1β, which ends in activation of NF-κB molecules. Additionally,
HPV E6 localizes these molecules within the nucleus of HPV-infected cells. Overall, the elevated level of NF-κB and its localization into HPV-infected cells could give
rise to the induction of chronic inflammation followed by a cervical cancer incidence.

Figure 4. The role of ROS in HPV-induced inflammation and tumorigenesis. Following the HPV-induced inflammation, the neutrophil and macrophage-based production

of ROS is increased. Furthermore, HPV E6 protein could elevate the level of ROS by inhibition of GSH. HPV E7 also augments ROS by coordinated modulation of cellular
factors such as IL-18, cytochrome-C, Fas, Bad, Bcl-xL, increasing level of catalase activity and NF-κB activation. The production of ROS finally leads to the induction of
OS, by which the expression of HPV genes get regulated and repetitive DNA damage occurs. All these events can eventually end in the induction of HPV-associated
tumor.
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Infection-induced chronic inflammation, one of the
main actors in cancer

The normal confrontation against infections is initiated by the
production of reactive oxygen and nitrogen species by leuko-
cytes, which lead to the induction of DNA damage in prolif-
eration cells (Maeda and Akaike 1998). While the acute and
chronic inflammations have the same mediators, pathways and
processes, acute inflammation is resolved after the stimuli (for
example infectious agent) are dispelled and the injured tis-
sue ameliorates get stabilized (Munn 2017). Accordingly, the
presence of persistent infection and chronic inflammation, as
well as repeated tissue damage and tissue restoration could
give rise to destructive DNA damage, such as mutations in
vital genes. The most remarkable of such mutations can be
observed in p53 genes, which are frequently seen in chronic
inflammatory disease-associated tumors (Yamanishi et al. 2002).
Viral infections could contribute to several chronic inflamma-
tory conditions such as atherosclerosis (Hemmat et al. 2018).
Viruses, in particular, oncogenic viruses, exert their effects
directly on cell transformation by incorporating viral oncogenes
within the host genome. Furthermore, it is doubtful whether
the viral infection-induced inflammation is another mecha-
nism, by which viral infection ends in malignancy (Coussens
and Werb 2002). Several viruses are supposed to utilize the
second mechanism, including hepatitis B virus (HBV), hepati-
tis C virus (HCV), human T lymphotropic virus 1 (HTLV-1),
Epstein-Barr virus (EBV), Kaposi’s sarcoma herpesvirus (KSHV),
Merkel cell polyomavirus (MCV) and HPV (Read and Douglas
2014).

HPV-INDUCED INFLAMMATION IN CERVICAL
CANCER INDUCTION

For several years the interrelationship between chronic inflam-
mation, the incidence of high-grade squamous intraepithelial
neoplasia (HSIL), and invasive cervical cancer (ICC) have been
considered (Schwebke and Zajackowski 1997; Castle et al. 2001;
Hawes and Kiviat 2002). Through the cellular assessment of cer-
vical cancerous tissue compared to a healthy one, it has been
demonstrated that the increased count of macrophages in cer-
vical epithelium could aggravate the severity of HPV infection-
induced wounds, which leads to an inflammatory condition
(Hammes et al. 2007). The ambiguous point concerning the rela-
tion of HPV infection, chronic inflammation and induction of
cancer is the exact cellular mechanisms mediating this rela-
tionship. After early HPV infection, this oncogenic virus inte-
grates some parts of its genome to the genome of the host cell,
which contains two major HPV oncogenes, E6 and E7 (Door-
bar et al. 2012). This event gives rise to the excessive produc-
tion of HPV oncogenes in the HPV-infected cells and repeated
release of pro-inflammatory cytokines and subsequent induc-
tion of chronic inflammation (Liu et al. 2015). As mentioned
before, chronic inflammation is associated with repeated tis-
sue injury and amelioration that could lead to the creation
and development of mutations in the vital genes such as p53.
Thus, it could be understood that the persistent HPV infec-
tion and its associated chronic inflammation is responsible
for the progression of HPV-induced cancers. As the signaling
pathways are accountable for the induction of inflammation
(Yeung et al. 2018), these cellular pathways could also be the
culprit of HPV-induced inflammation as well as cytokines and
chemokines.

Cyclooxygenase-prostaglandin (COX-PG) pathway

The COX-PG pathway plays an important role as the central reg-
ulator of inflammation and cancer. Several motives have been
introduced to induce COX-2 production, such as growth factors
(i.e. epidermal growth factor), lipopolysaccharides (LPSs) and
pro-inflammatory cytokines (IL-2 and TNF-α) (Hinz, Cheremina
and Brune 2008). Overall, the overexpression of COX-2 is indi-
cated in diverse kinds of cancer; by its functions, enhanced
metastasis, suppressed cellular apoptosis, angiogenesis and cel-
lular proliferation occur (Sales et al. 2001; Cao and Prescott 2002;
Sobolewski et al. 2010). It has been shown that HPV oncopro-
teins (E5, E6 and E7) might stimulate COX-PG pathway as the
result of upregulation of COX-2 expression and E type of PGs
(PGE) (Fig. 2) (Sales et al. 2002; Libra et al. 2009; Adefuye and Sales
2012). COX-2 expression and also PGE2 production is illustrated
to be concentrated in several sites of cervical epithelium, cer-
vical vessels and inflammatory cells (Kulkarni et al. 2001; Sales
et al. 2001; Ferrandina et al. 2002; Sales et al. 2002; Kim et al. 2004),
and also the overexpression of COX-2 also has been found in
cervix cancerous cells, when compared to normal cells (Kulka-
rni et al. 2001). Moreover, a significant link has been reported
between the expression of COX-2 and matrix metalloproteinases
(MMPs) in some kinds of cancers which show that the decreased
expression of COX-2 results in the reduced level of MMPs (Sivula
et al. 2005; Liu et al. 2015). Tremendous remodeling of the extra-
cellular matrix (ECM), which is caused by MMPs, leads to a con-
version in the vasculature, which follows by extravasation of
immune cells and angiogenesis (Aggarwal et al. 2006; Libra et al.
2009; Adefuye and Sales 2012). Some studies report an associa-
tion between such MMPs transcription and HPV E6 and E7 tran-
scription in remodeling and differentiation of tissue (Nuovo et al.
1995; Libra et al. 2009). Furthermore, comforted activation and
the elevated influx of neutrophils within the tissue owing to the
formation of E7-leukocyte elastase inhibitor complex and down-
regulation of those inhibitors as well as the overexpression and
activation of MMPs, which facilitate the diapedesis process of
neutrophils into the inflammation sites (da Silva Cardeal et al.
2006; Kolaczkowska et al. 2009).

Activation of EGFR signaling pathways shows that the over-
expression of EGFR leads to the increased production of COX-
2 (Kim et al. 2004). The production of amphiregulin (a mem-
ber of the EGF family) and subsequent activation of EGFR-Ras-
mitogen-activated protein kinase (MAPK) signaling, which gets
triggered by HPV E6 and E7, gives rise to the activation of COX-2
promoter and increased expression level of COX-2 during a com-
plicated signaling cascade (corepressor/coactivator exchange)
(Subbaramaiah and Dannenberg 2007). HPV E5 has been shown
to be associated with the upregulation of COX-2 expression as
well. However, its function is exerted through nuclear factor
kappa light chain enhancer of activated B-cells (NF-κB)-activated
proteins 1(AP-1)-involved the EGFR signaling pathway (Kim et al.
2010).

As mentioned before, PGEs play an essential part in the COX-
PG pathway. PGE2 could join with PGEs receptors (EP1, EP2, EP3,
EP4) and exert its effects through this connection (Narumiya and
FitzGerald 2001). However, only 2 types (EP2 and EP4) of these
receptors are shown to be involved in cervical cancer and are
upregulated during this cancer remarkably (Sales et al. 2001). In
comparison with normal cervical cells, cAMP are also upregu-
lated in cervical cancerous cells (Sales et al. 2001). The activa-
tion of EP2 and EP4 are mediated by the protein kinase A (PKA)
pathway, following stimulation of adenylate cyclase and ele-
vated level of cAMP (Coleman, Smith and Narumiya 1994). It is
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identified that there is an association between COX and cAMP
activation, by which COX activity is considered to be regulated
by cAMP as a primary second messenger (Narumiya and FitzGer-
ald 2001; Sales et al. 2001). Nevertheless, other EPs need to be
investigated, to see whether they play any role in cervical cancer
progression.

Pro-inflammatory cytokines and immune cells

Pro-inflammatory cytokines, including IL-6, IL-8, TNF-
α, macrophage inflammatory protein 1 alpha (MIP-1α),
granulocyte-macrophage colony-stimulating factor (GM-
CSF), IL-1α and IL-1β are remarkably increased in plasma of
patients with HPV infections (Fig. 3), followed by a decreased
lymphoproliferative response (Kemp et al. 2010). High-risk HPV
E6 and E7 could barricade IL-1β function to lessen the innate
immune response against HPV-infected cells, and simplify the
life cycle and persistence of HPV, by which cell transformation
and subsequent carcinogenesis could take place (Niebler et al.
2013). There is some evidence that proves regulatory T cell (Treg)
involvement through the ICC incidence. Accordingly, changes
in the cytokine pattern of patients with HPV-associated cervical
lesions recommend that the chronic inflammation, accom-
panied by inconsonance of T helper 1 (Th1)/Treg proportion,
give rise to facilitated tumor progression and immune evasion
(Fig. 3). Such changes are manifested as a diminution of IL-2,
IL-12 and TNF-α and vice versa, the increment of transforming
growth factor-beta (TGF-β) (Peghini et al. 2012). It has been
illustrated that Th1 cells infiltrated in cervical tumor site could
change M2-macrophages to activated M1-macrophages in order
to create a tumor-rejecting microenvironment (Heusinkveld
et al. 2011).

NF-κB activation following the integration of HPV DNA,
within the host genome, might play a considerable role in cervi-
cal cancer induction. Besides the common targets of HPV onco-
proteins (E6 and E7) and subsequent inhibition of p53 and pRB
cellular tumor suppressors, these viral proteins correlate with
the activation of NF-κB, which leads to irrepressible cell cycle
and cellular transformation (Senba and Mori 2012). HPV E6 local-
izes this transcription factor in the nucleus of the HPV-infected
cell (Fig. 3). E6 and E7 are demonstrated to have an association
with elevated levels of NF-κB activation, which means that this
factor plays a crucial role in the transmission of chronic inflam-
mation to malignancy and cancer (James, Lee and Klingelhutz
2006; Senba et al. 2011). As well as HPV E6 and E7, IL-17 manifests
an ability to stimulate the NF-κB pathway, which subsequently
leads to the cellular proliferation and invasion of cervical cells. It
has been reported that IL-17 could be elevated by the activity and
overexpression of the HPV E6 protein (Chang et al. 2010; Lv et al.
2018). Consequently, it has been indicated that the expression of
IL-1β could be upregulated by E7, which results in the expression
of NF-κB. On the other hand, it is shown that HPV E6 hampers the
transcription of IL-1β. The exact mechanisms involved in the IL-
1β-mediated inflammation upon the HPV infection still remains
uncovered (Ainouze et al. 2018). In terms of TNF-α protective
effects against HPV infection, it has been shown that the inhibi-
tion of this cytokine, to suppress TNF-α-mediated apoptosis and
its antiproliferative efficacy, could be an essential phenomenon
in HPV oncogenicity (James, Lee and Klingelhutz 2006; Scott et al.
2013). A recent study has illustrated a striking upregulation in
TGF-β, IL-10, IL-6, IL-23 and IL-17 expression, and downregula-
tion of interferon γ (IFN-γ ) expression in ICC patients (Fig. 3). The
expression of CCR6 and chemokine receptor CCL20 is shown to
be elevated in the cervical tumor. Actually, the presence of CCL20

had a direct correlation with the number of Th17 in ICC (Yu, Lou
and He 2015). Hence, immune responses should be repressed
during cervical cancer progression. Furthermore, a significant
fluctuation in T helper 17 (Th17)/Treg ratio in patients with ICC
was indicated, which suggests an important role for the distur-
bance of Th17/Treg ratio in ICC occurrence (Zhang et al. 2011;
Chen et al. 2013).

HPV-INDUCED OXIDATIVE STRESS

The wide-scale production of ROS could be harmful to the
cellular genome, which is responsible for elevating oxidative
DNA damages and consequently promoting related cancers
(Wiseman and Halliwell 1996). According to the high metabolic
activity of cancerous cells, oxidative stress (OS) is significantly
more obvious in these cells, by which cellular proliferation gets
enhanced (Szatrowski and Nathan 1991; Sosa et al. 2013). Similar
to chronic inflammation, HPV oncogenesis could be accelerated
by OS (De Marco 2013). HPV-motivated inflammation could also
increase the neutrophil and macrophage-based production of
ROS (Bartsch and Nair 2006; Ponath and Kaina 2017). HPV onco-
genes, E6 and E7, play a pivotal role in this phenomenon. E6
decreases the amount of glutathione (GSH) and catalase activ-
ity, which boosts the production of ROS followed by extensive
DNA damage (Fig. 4). However, E7 acts in the opposite way and
decreases ROS production (Cruz-Gregorio et al. 2018). HPV E6 is
not able to suppress p53 function by itself and this protein is not
fully sufficient for the p53 inhibition process. Many factors are
involved in E6-mediated suppression of p53 (De and Marcante
1993; Abdulkarim et al. 2002; Divya and Pillai 2006; Munagala
et al. 2011) including OS. Oxidative stress activation is associated
with the regulation of HPV RNAs expression and their splicing
template (Mouret et al. 2005; De Marco et al. 2007). Additionally,
HPV E7 is demonstrated to be correlated with the elevated per-
sistence to the H2O2-mediated cell death, by coordinated mod-
ulation of cellular factors such as IL-18, cytochrome-C, Fas, Bad,
Bcl-xL, increasing level of catalase activity, and NF-κB activa-
tion (Fig. 4) (Shim et al. 2008). Eventually, besides the well-known
oncogenic roles of HPV E6 and E7, these oncoproteins seem to
execute their cellular transformation activity by inducing OS in
the HPV-infected cells.

RELATION Of microRNAs and HPV-Induced
Inflammation

MicroRNAs (miRNAs), a member of small non-coding RNAs,
could alter the translation patterns of messenger RNAs (mRNAs)
(Ambros and Chen 2007). HPV oncoproteins (E6 and E7) can dys-
regulate the expression of miRNAs to expedite the oncogenic
process of HPV-induced cancers. These miRNAs are reported
to be involved in several signaling pathways, particularly the
ones which result in the induction of chronic inflammation (Chi-
antore et al. 2016; Gao et al. 2016; Satapathy et al. 2017). It is
believed miRNAs, which are involved in such pathways (includ-
ing JAK/STAT3, MAPK, Wnt/β-catenin, NF-κB, TGF-β/Smad and
PI3K/Akt/mTOR (Hou et al. 2015), might participate in the occur-
rence of chronic inflammation and subsequently the incidence
of cancer. Several miRNAs are demonstrated to have a lot of roles
in some inflammatory signaling pathways during cervical can-
cer (Table 1). However, the association of these miRNAs and the
induction of chronic inflammation need to be investigated fur-
ther.
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Table 1. List of miRNA involved in the inflammatory signaling pathways through cervical cancer.

Signaling pathways miRNA Effect Target Cell line Reference

β-catenin miR-135a upregulation SIAH1 HeLa, CaSki, SiHa (Leung et al. 2014)
NF-κB miR-429 downregulation IKK BETA C33A, HeLa (Fan et al. 2017)

miR-130a undetermined PTEN HeLa, CaSki (Feng et al. 2016)
PI3K/Akt miR-21 upregulation undetermined HeLa, SiHa (Song et al. 2016)

miR-181a upregulation undetermined End1/E6E7 (Xu et al. 2016)
miR-221 upregulation PTEN HeLa, SiHa (Du et al. 2016)
miR-491 downregulation HTERT HeLa, SiHa, MS751 (Zhao et al. 2015)
miR-494 upregulation PTEN HeLa, CaSki, SiHa (Yang et al. 2015)

miR-196a upregulation FOXO1, P27KIP1 HeLa, CaSki, SiHa (Hou et al. 2014)
MTOR miR-634 downregulation MTOR undetermined (Cong et al. 2016)

miR-99amiR-99b downregulation MTOR HeLa (Wang et al. 2014)

AGING AND THE PROGRESSION OF HPV-
INDUCED INFLAMMATION TO CANCER

The alteration of immune responses in old people is associ-
ated with their susceptibility to several diseases, and especially
viral infections (Weiskopf, Weinberger and Grubeck-Loebenstein
2009). It has been shown that aging could have negative effects
on the production of IL-2 and IFN-γ , and also the function of
T cells and Th1 effectiveness (Thoman and Weigle 1982; Haynes
et al. 1999; Tesar et al. 2006). Furthermore, aging could deteriorate
innate immune responses, particularly the regulation of inflam-
matory cytokine production (Renshaw et al. 2002; Panda et al.
2010). The upregulation of well-known inflammatory cytokines,
IL-1, IL-6 and TNF-α, is demonstrated to have a correlation with
aging (Ershler 2003). In particular, the elevated level of IL-6 could
give rise to the altered differentiation of Th17 (Bettelli et al. 2006).
The prevalence of HPV infection among older women is shown
to be approximately 1 in 16 in women aged between 57 and 85
years old (Lindau et al. 2008). Overall, it could be concluded that
there is a probable association between HPV infection in old age
and the occurrence of inflammation followed by an incidence of
cervical cancer.

CONCLUSION

The association of inflammation and incidence of different
types of cancers has been considered for several years. Cervical
cancer, one of the most important cancers in females, is believed
to be accelerated by inflammation. Regarding HPV as the main
cause of this cancer, this virus might prepare an inflammatory
circumstance, by which the process of cervical cancer get expe-
dited (Subbaramaiah and Dannenberg 2007). HPV oncogenes (E5,
E6 and E7) are demonstrated to be the principal suspects of
the incidence of inflammation. The COX-PG pathway has been
shown to play a critical role in the inflammation induced in HPV-
infected cervical cells. Besides their common oncogenicity func-
tions, HPV oncogenes agitate the expression of COX-2 and PGE2.
These proteins are the central members of COX-PG pathway,
by which the HPV-induced inflammation develops within the
cervical cells. Furthermore, several pro-inflammatory cytokines,
measured in the plasma of HPV-positive patients, are demon-
strated to be increased and include IL-1 (α and β), IL-6 and TNF-α
(Kemp et al. 2010).

Next to the preparation of the inflammatory condition, HPV
oncogenes are correlated with the induction of OS and conse-
quent DNA damage. OS activation could support the transfor-
mation activity of HPV E6 and E7 and also could precipitate the
carcinogenesis of HPV (De Marco 2013).

The role of miRNAs in the induction of HPV-induced inflam-
mation needs to be investigated in further studies. However, it
is predicted that miRNAs, which are reported to be involved in
the inflammation pathways (at least in the in-vitro situation),
could also be suspected of being involved in the progression of
cervical cancer. Aging, according to its effects on the elevation
of pro-inflammatory cytokines, might have an association with
the high chance of activation of inflammation followed by cer-
vical cancer. However, the exact roles of aging and induction of
HPV-induced inflammation need to be considered. Recently, it
has been shown that HPV infection could effect the occurrence
of autoimmunity with low ability (Donmez et al. 2019). This func-
tion might be associated with the inflammation induced by this
virus.
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