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The modulation of the host innate immune system is a well-established carcinogenesis feature of several tumors, including
human papillomavirus- (HPV-) related cancers. This virus is able to interrupt the initial events of the immune response,
including the expression of Toll-like receptors (TLRs), cytokines, and inflammation. Both TLRs and cytokines play a
central role in HPV recognition, cell maturation and differentiation as well as immune signalling. Therefore, the imbalance
of this sensitive control of the immune response is a key factor for developing immunotherapies, which strengthen the
host immune system to accomplish an efficient defence against HPV and HPV-infected cells. Based on this, the review is
aimed at exposing the HPV immune evasion mechanisms involving TLRs and cytokines and at discussing existing and

potential immunotherapeutic TLR- and cytokine-related tools.

1. Introduction

The evasion of immune tumor surveillance is a well-
established feature of cancer [1]. In HPV-related tumors,
papillomavirus is responsible for this escape (Figure 1). This
virus is able to abrogate the initial steps of the immune innate
system, which embraces Toll-like receptor signalling as well
as cytokine synthesis and secretion, thus, compromising the
immune response against an invasive agent [2].

TLRs and cytokines play pivotal roles in the immune
defence against HPV-infected and tumor cells. TLRs, for
example, are responsible for recognizing the conserved
pathogen-associated molecular patterns (PAMPs), promoting

changes on host endogenous ligands and thus, initiating a pro-
tein cascade that follows in the expression of key molecules for
the development of the immune response, which includes the
synthesis and secretion of cytokines [3]. Cytokines, in turn,
are important mediators of immune cell activities, such
as cell recruitment, maturation, and signalling [4]. In addi-
tion, both molecules (TLRs and cytokines) control gene
expression and are essential for creating a suitable tumor
microenvironment, either for immune surveillance or for
immune modulation. As a result, these molecules are
involved in the pathogenesis of various diseases besides
cancer, such as autoimmune, inflammatory, and infectious
diseases [5].
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Figure 1: Thl immune evasion induced by HPV in tumor microenvironment. HPV (1) interferes in TLR expression and in immune
signalling pathways; (2) suppresses IL-12 expression, leading to a decreased production of IFNs (type I and IFN-y) and blocking
macrophages (M1 phenotype) and dendritic cell (DC) activity; (3) promotes downregulation of HLA expression and transportation to
membrane surface, preventing antigen presentation, T cell activation, and NK and CTL cytotoxicity; and (4) finally, the downregulation of
lymphocyte activity related to a decreased activity of APC cells (as M1 and DC) impairs adaptive immune activation [2].

Therefore, both TLRs and cytokines are crucial targets for
immunotherapeutic studies that are aimed at preventing or
treating cancer. In fact, they have already been used in
pharmaceutical formulations for cancer therapies by taking
advantage of the fact that currently there is no effective
treatment for HPV-related cancer patients, especially for those
who have unsuccessfully undergone radio- and chemotherapy
treatments. Several major studies have reported the great
potential value of immunotherapeutic approaches that modu-
lated TLR and cytokine levels or synthesis [6, 7]. In accordance
with these studies, this review highlights the immune mecha-
nisms of TLRs and cytokines for infection resolution and viral
immune evasion activities correlated with HPV-associated
cancers. Furthermore, we will discuss the effectiveness of the
immunotherapeutic approaches involving these targets.

2. Toll-Like Receptors

TLRs are specialized receptors which detect PAMPs and
damage- or danger-associated molecular patterns (DAMPs).
They are found in immune (e.g., APCs, natural killer) and
nonimmune (e.g., stromal, epithelial, and cancer) cells on
the plasma membrane (e.g., TLRs 1, 2, 4, 5, 6, and 10) and
on the surface of organelles, such as endosomes, lysosomes,
and endoplasmic reticulum (e.g., TLRs 3, 7, 8, and 9) [5].

The molecular structure of these receptors is comprised
of two domains: the extracellular N-terminal and the
intracellular C-terminal domains. The extracellular domain
contains leucine-rich repeats responsible for recognition of
PAMPs, depending on the TLR subtype; the C-terminal por-
tion has a conserved region called Toll/IL-1 receptor (TIR)
domain [5], which is responsible for transducing the signal
for adapter molecules.

Usually, TLRs are associated with the protection against
pathogen invasion, carcinogenesis, and infection clearance,
which are essential in inducing and linking innate and adap-
tive responses, such as the Thl and the cytotoxic cell-
mediated subtypes [3]. In addition, TLRs are able to recognize
some host endogenous ligands (see Figure 2), representing an
important role in tissue repair and homeostasis [9].

TLRs support the uptake, processing, and presentation of
antigens by APCs, boost DC maturation, NK cell cytotoxicity,
and targeted cell apoptosis as well as upregulate the expression
of major histocompatibility complex (MHC), C-C chemokine
receptor 7 (CCR?7), interferons (e.g., IFN-I, IFN-y), and
inflammatory cytokines (e.g., IL-6, IL-12) [3]. Nevertheless,
several TLRs were reported to be overexpressed in cancer.
They were associated with malignant transformation by pre-
venting the activation of immune responses or enhancing
inflammation through the induction of the nuclear transcrip-
tion factor kappa B (NF-«B) pathway. Therefore, TLRs seem
to have dual functions in the tumor microenvironment, to
the extent that even cancer cells may express those molecules
in order to alter immune response and sustain malignant pro-
gression [3, 10]. Indeed, recently, TLRs were showed to acti-
vate the nitric oxide signalling pathway, supporting cervical
carcinogenesis [11].

The expression of both TLR4 and 9 receptors was
reported to be altered during HPV infection. In cervical carci-
nogenesis studies, TLR4 and 9 levels were reported to be cru-
cial for the initiation of the innate immune response due to
the induction of cytokine synthesis and cytotoxicity on target
cells. As a consequence, lower levels are generally associated
with a poor prognosis and cancer progression [8, 12, 13].
However, these receptors have also been correlated with
malignancy [3, 11, 14, 15]. TLR4 was found to be overex-
pressed in human cervical cancer line (HeLa) [11, 14] as well
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F1GURE 2: TLR activation. The scheme shows major microbial and endogenous ligands that activate TLR signals in immune cell surface. These
signals are able to promote host protection against pathogen invasion and infection establishment [5].

as in premalignant and malignant specimens [16]. It was also
associated with the proliferation of cancer cells and immuno-
suppression, through the production of IL-6, TGF-f, and
other immunomodulatory cytokines [3, 10]. TLR9 was also
shown to be overexpressed in high-grade cervical lesions
and/or cancer [3, 13, 15-17]. It is possible that the upregula-
tion of these receptors in malignant lesions may be due to
the following components: (i) compensation for TLR defi-
ciency or by harnessing mechanisms of the host immune
defence system against tumor cells, (ii) reflecting increased
inflammation, which damages an effective immune response
against the pathogen, (iii) the existence of polymorphisms
and the measurement of different subtypes, which misleads
data interpretation, (iv) the measurements at different inter-
vals during cancer progression, (v) the differences in methods
of TLR assessment in cell lines, or (vi) the activity of tumor
cells that create a proper milieu for cancer development.

Modulation of TLR9 levels probably occurs due to
HPV16 E7 oncoprotein activity on the TLR9 promoter by
interference in the NF-«B pathway. A chromatin repressive
complex was also found on the TLR9 promoter, negatively
regulating its transcription (Figure 3) [8]. A repression of
the TLRY expression disturbs the synthesis of IL-6, IL-8,
and C-C chemokine ligand 20/macrophage inflammatory
protein-3a (CCL20/MIP-3¢a) (which is an important chemo-
kine for immune surveillance because of the recruitment of
lymphocytes and Langerhans cells (LCs) to skin) [18]. The
viral transcription and replication processes also undergo
intervention, due to interferon deficiency caused by TLR9
repression [8]. Moreover, the altered levels of TLR9 can be
caused by the devious expression of specific polymorphisms
that change the effective receptor availability [19].

Other TLR expressions were also notably altered. In SCC
(squamous cell carcinoma) specimens, it was demonstrated
that the TLRs 3, 4, and 5 were significantly underexpressed

while TLRI was the only significantly overexpressed (TLRs
2,7,8,and 9 were not significant) when compared to the nor-
mal samples [13]. However, opposite results were also
observed [3, 10, 11, 15, 16, 20]. No study has clearly demon-
strated that altered TLR levels are a response of the host
immune system against the infection or a consequence of virus
activity supporting the infection. In addition, the knowledge
of which cell is responsible for the alteration of TLR levels
would be crucial to understand the TLRs’ role in carcinogene-
sis; immune, stromal, and cancer cells have different functions
in cancer development and thus, the shift of their TLR expres-
sion pattern could represent a marker for cancer progression
or resolution [15].

Besides, another study found similar results and showed
that the mRNA expression of TLR7 and 8 in cervical biopsies
of cervical cancer patients was elevated [2]. In turn, infection
regression (HPV16) was also associated with an increased
expression of several TLRs (3, 7, 8, and 9), and their modula-
tion could be used as a therapeutic approach [18].

Regarding other HPV-related cancers, TLRs were not as
extensively studied like in cervical cancer. HPV is a key etio-
logical factor of head and neck squamous cell carcinoma
(HNSCC), in particular of oropharyngeal squamous cell
carcinoma (OPSCC). HNSCC is commonly recognized as
an immunosuppressive disease due to HPV activity. Conse-
quently, an imbalanced cytokine profile, low amounts of
CD3* CD4" and CD8" T lymphocytes, high infiltration of
M2 macrophages (TAM), Treg cells and Treg/CD8" T cell
ratio, impaired NK cell activity (higher expression levels of
KIR genes), augmented expression of inhibitory receptors
(e.g., CTLA-4, LAG-3, TIM-3, and PD-1), and decreased
antigen presentation have been observed [21, 22].

Thereafter, the expression levels of several TLRs were
reported and its dubious role was evident in some cases. It
was found that TLR2 was upregulated in both vicinity
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F1GURE 3: Inhibition of TLR9 expression by HPV16 E7 oncogene takes place via NF-xB canonical pathway, when this oncoprotein recruits the
inhibitory complex NF-«B p50-p65 to a new cis element at the TLR9 promoter. This occurs with the additional binding of ER« (estrogen «) to
another neighbour cis element, ERE (estrogen-responsive element), within that same promoter, and in the presence of HPV16 E7. ERa is also
able to interact with the p65 subunit in the peri- or intranuclear region and contribute to transcription repression. Furthermore, it was also
observed that there was a chromatin repressive complex composed by JARID1B demethylase and by HDACI deacetylase. These two catalytic
units interact with ERa and negatively regulate TLR9 expression. The consequence of preventing TLR9 expression is the establishment of an
immunosuppressive status with the inhibition of interferon and immune surveillance by cytokine responses [8]. NF-«xB blue circle
corresponds to p50 subunit and the purple one to p65. The straight blue arrows indicate an activation process or progress to the next
stage; the curved arrows indicate motion; and the progressive arrows indicate the movement of some molecules interacting with the target.
IKK: inhibitor of kappa B kinase; P: phosphate group; M: methyl group; A: adenyl group; JARIDIB: lysine-specific demethylase 5B;

HDACI: histone deacetylase 1; Site B: 9-10 base pair DNA sites where p50 and p65 subunits bind.

immune cells and malignant keratinocytes in the microenvi-
ronment of oral squamous cell carcinoma (OSCC) compared
to hyperplasia [23]. In another OSCC study, TLR3 was found
to be upregulated in three head and neck cell lines (mRNA
and protein), as well as when it induced apoptosis of the
tumor cells, and in vivo, when it interrupted tumor growth.
Also in this study, the mRNA expression of other TLRs was
assessed observing elevated expressions of TLRs 1, 2, 4, and
6 while the TLRs 5, 7, 8, and 10 were found reduced [24].
In this type of carcinoma, however, TLR3 was found to have
elevated levels and this event was attributed to an increase of
tumor aggressiveness and invasion [25], a similar conclusion
of another study which measured TLR3 in various HNSCC
cell lines [26]. Both studies associated the triggering of the
NF-«B pathway with the increase in tumor aggressiveness.
In the mentioned studies above, it was not verified whether
HPV was present or not.

TLR4 and 9 were also assessed in OSCC, and these recep-
tors were found to have elevated expression levels which were
correlated with tumor development [10]. Whether the
increased levels of these receptors were associated with carci-
nogenesis or a reaction of the host immune response against
tumor cells is still not known. TLR4 was also correlated with
tumor development and protection of cancer cells from host

immune response in an HNSCC study [27]. Several other
studies have also reported controversial results regarding
OSCC and HNSCC [10, 28], though it has been observed that
different cell lines were used several times for the same pur-
pose, which could explain the opposite results in some cases.

TLR7 was found overexpressed in the nuclear membrane
and nuclei of cancer cells (a novel localization discovered)
having higher levels in HPV-positive specimens, unlike
TLRY that showed reduced expression levels in HPV-
positive samples compared to HPV-negative. TLR7 also
showed altered localization depending on the cancer cell sta-
tus: it was found with elevated levels in the plasma membrane
of cancer-free cells compared to cancer cells, where this
receptor was observed to have higher levels in the nuclear
membrane and nuclei. Therefore, it seems that TLR7 may
play different roles depending on the cancer cell status. Fur-
thermore, increased levels in TLR7 demonstrated to be statis-
tically significant for the direct correlation with p16. Thus,
the increased levels of TLR7 could be indirectly related to
E7 expression since the elevated levels of p16 are caused by
the deregulation of pRb pathway, initially caused by E7 onco-
genic activity, which probably also altered TLRY levels. The
other TLRs did not show any significant differences between
cancer and control groups [29].
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Based on what has been discussed above, the modulation
of TLR expression or activities has been considered in the
treatment of cervical and head and neck carcinomas as adju-
vants in various vaccine strategies. The goal is to increase the
synthesis of cytokines (e.g., IFN, TNF-«&) and chemokines,
generally by activating NK and dendritic cells, so as to activate
CTL cells for generation of effector responses [30]. For a more
efficient outcome, TLR agonists can be used in combination
with non-TLR agonists, as demonstrated in a C57BL/6 mice
tumor model in which HPV16 E7 vaccine was coadmini-
strated with monophosphoryl lipid A (MPL), a TLR4 agonist,
and a-galactosylceramide [7]. Also, TLR activities can be
blocked aiming to hamper inflammation by preventing TLR
downstream activation signalling, such as the MyD88-NF-
kB pathway. Another interesting view to be highlighted is
the importance of the modulation of TLR expression in stro-
mal cells. It was found that these receptors were upregulated
in these cells and may contribute to carcinogenesis [15].

Accordingly, several pharmacologic substances, which
modify the activity of these receptors, have been tested/used
first as adjuvants in vaccines for cervical cancer (e.g., Cervarix)
and later in other HPV-related cancers. In the Cervarix vac-
cine for example, MPL is used to activate the innate response
by interferon and proinflammatory cytokine synthesis. As a
consequence, the adaptive response is also induced. Other
examples are CpG (TLR9 agonist) alone or with rlipo (TLR2
agonist) [31], imiquimod and resiquimod (both TLR7 ago-
nists), poly(I:C) (TLR3 agonist), and VTX-2337 (TLR8 ago-
nist). Many studies have shown satisfactory results,
especially with the simultaneous use of these agonists. Gener-
ally, an increased rate of tumor cell death upon TLR stimula-
tion was observed [30]. Also, very high percentages of curing
preexisting tumors in mice were reported [31-33].

In HPV-related cancers, the use of these adjuvants has also
brought better outcomes. Imiquimod is able to induce Thl
responses by stimulating DC maturation and migration,
Langerhans cell migration to draining lymph nodes, the inhi-
bition of myeloid-derived suppressor cells, and the secretion
of interleukins and cytokines [34]. In another study, imiqui-
mod and poly(I:C) effects on cell death in in vitro and in vivo
HNSCC models were evaluated. Both agonists were found to
cause an increase in tumor cell death in vitro and in vivo. In
addition, poly(I:C) induced higher levels of proinflammatory
cytokine secretion (IFN-I, IL-6, and CXCL-10), MHC I
expression of tumor cells, and monocyte activation in vitro,
impairing tumor growth in vitro and in vivo even when TLR
signalling was hampered on host cells [35]. Another study
is currently recruiting participants to evaluate polyICLC
(a modified version of poly(I:C)) combined with tremeli-
mumab, a CTLA-4 antibody, and durvalumab, a PD-L1 anti-
body (clinicaltrials.gov identifier NCT02643303).

Another example is motolimod (VTX-2337), a TLRS
agonist which was tested for the treatment of HNSCC and
other tumors. It was seen that this substance caused an
increase in antitumor activities by inducing cytokine and
chemokine synthesis as well as activating monocytes, NK,
and dendritic cells, consequently boosting T cell activation
[36, 37]. In a study using the TLR8 agonist with an anti-
EGFR monoclonal antibody (cetuximab), an increase in NK

cell-mediated cancer cell lysis and an enhancement of DC
cross-priming of EGFR-specific CD8" T cells were observed
[38]. Other possibilities are currently being tested for VTX-
2337, such as combining it with cisplatin or carboplatin/fluo-
rouracil/cetuximab (NCT01836029) and with cetuximab or
cetuximab and nivolumab, an anti-PD-1 antibody
(NCT02124850). In regard to TLR4, OK-432 (picibanil,
approved in Japan) was tested in association with DCs and
chemotherapy, and the results still have not been reported
(NCT01149902) [30].

Other studies have also been or are currently being
conducted with other TLRs: ISA201 (HESPECTA, a second
generation vaccine based on ISA101), which uses a synthetic
TLR2 agonist (Amplivant) with two HPV16 E6 peptides
(NCT02821494) [38]; EMD 1201081 (IMO2055, TLR9
agonist) + cetuximab (NCT01040832), which did not demon-
strate additional clinical efficacy than using cetuximab alone
but it was well tolerated by patients [39]; EMD 1201081 + fluo-
rouracil + cisplatin + cetuximab (NCT01360827); and entoli-
mod (CBLB502), a TLR5 agonist which is being tested in
combination with cisplatin and radiation (NCT01728480)
due to the previously shown effects on radiation: it induced
an increase in its therapeutic effect and a reduction of its toxic-
ity in vivo when administered 1 h after exposure to radiation
[40]. Table 1 summarizes the mentioned studies and is corre-
lated with the Figure 4 which shows the therapeutic role and
the activated signalling pathways of natural and synthetic
TLR ligands.

3. Cytokines

Cytokines are the primordial mediators of the immune
response, including antitumor activities. It has been reported
that in cervical cancer as well as in HNSCC, immunostimula-
tory signals (Thl cytokine profile) are hampered whereas
proinflammatory and immunosuppressor ones (Th2
cytokine profile) are stimulated. Several studies have
reported this shift of the cytokine pattern in preneoplastic
and cancer specimens [41-43].

It is known that Thl cytokines are potent activators of
cellular-mediated immunity response that may precede
HPV clearance, while Th2 cytokines impair the immune
response, leading to an inefficient virus elimination and to
chronic infection [43]. Furthermore, different hrHPV geno-
types are associated with different cytokine profiles, so they
interfere distinctly with the immune system, making disease
progression different among the various hrHPV subtype
infections [44]. Therefore, the modulation of cytokine
expression is a key event for the induction of chronic infec-
tion and cancer development. It is known that the appropri-
ate cytokine pattern defines the appropriate phenotype of
immune cells, which whether or not results in the elimination
of infected and (pre)cancerous cells.

Thus, cytokines were widely used in cancer immunother-
apy, including cervical cancer and HNSCC. The main goal of
their use was to induce a CTL response supporting the cancer
cell apoptosis and tumor regression. They can be used in
combination with several immunotherapy approaches such
as DNA, DC-based and protein-based vaccines, TLR
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TaBLE 1: TLR-associated immunotherapy approaches for HNSCC treatment.
Number in Clinical trial
Figure 4 Therapy Therapy approach Stage identifier Reference
1,2 Imiquimod TLR7 agonist + TLR3 agonist 11.4 szro/ — Klein et al. [35]
+ poly(I:C) in vivo
2 Poly(I:C) TLR3 agonist + tremelimumab + durvalumab ~ Phase I/l  NCT02643303 No study was
reported yet.
TLR8 agonist Phase I NCT00688415  Dietsch et al. [37]
Stephenson et al.
TLR8 agonist + cetuximab Phase I/Il  NCT01334177 (2013)
3 VIX-2337 and Chow et al. [36]
TLR8 agonist + c1sp!at1n or.+carb0plat1n/ Phase I NCT01836029 No study was
fluorouracil/cetuximab reported yet.
4 OK432 TLR4 agonist Phase I NCT01149902  Galluzzi et al. [30]
(Picibanil)
5 ISA201 TLR2 agonist + 2 HPV16 E6 peptides Phase I NCT02821494 Bann et al. [38]
TLRY agonist which was tested with cetuximab ~ Phase I NCT01040832 Ruzsa et al. [39]
6 EMD 1201081 i i i i
TLR9 agonist + ﬂuor.ouracﬂ + cisplatin Phase I NCT01360827 No study was
+ cetuximab reported yet.
7 CBLBSOZ TLR5 agonist Phase I NCT01728480  Toshkov et al. [40]
(entolimod)

agonists, and monoclonal antibodies (e.g., cetuximab and the
immune checkpoint inhibitors like tremelimumab and dur-
valumab) [6, 34]. In the next subheadings, the most impor-
tant cytokines for the treatment of HPV-related cancers are
discussed according to their roles in the immune response.

3.1. Immunostimulatory Cytokines. Among the immunosti-
mulatory cytokines, IL-2, IL-12, TNF-«, and interferons
are the most prominent in anti-infection and antitumor
activity. IL-12 is secreted by activated DCs and macrophages
and is the most effective and promising cytokine for cervical
cancer treatment. Several antitumor activities in animal
models have been observed [34], such as the increase in
IFN-y and TNF-« levels, maturation of APCs and the lysis
of immature ones, and the activation of NK responses
(caused by the upregulation of NK activation receptors and
ligands). Consequently, IL-12 stimulates Thl polarization
and CTL (antigen-specific response) cytotoxicity and plays
an important antiangiogenic role [45].

As aresult, IL-12 has been suggested to be used in several
HPV-related cancer treatment strategies for potentiation of
antitumor activity, for instance, in viral gene therapy, coad-
ministrated with other cytokines or in DNA vaccine prepara-
tions [34, 38, 45], such as the INO-3112 vaccine. This
promising strategy, which combines the gene sequences of
E6+E7 antigens (VGX-3100) and the IL-12 (INO-9012),
has been tested for treatment of both cervical invasive
(NCT02172911) and head and neck (NCT02163057) HPV-
related cancers in clinical phase I/II trials with good results
about safety and CD8" T cell immunogenicity [46].

Another ongoing study evaluated the immunotherapeu-
tic effects of the coadministration of the recombinant IL-12
with cetuximab (NCT01468896) in patients with relapse,
metastatic, or inoperable HNSCC. In the previous study

regarding this combined treatment, an improvement in the
lysis of tumor cell by NK cells was observed. In another
approach using IL-12, a higher lymphocyte infiltrate and an
improved overall survival rate were observed when IL-12
was coadministrated with IL-1p, IFN-y, and TNF-a [47].

TNF-«a is another key cytokine which creates an antitu-
moral milieu for virus elimination. This molecule supports
the activation of macrophages, dendritic and NK cells and
recruits them to the tumor site by inducing keratinocytes to
release MIP-3« [18] and CCL2/MCP-1 (C-C motif chemo-
kine ligand 2/monocyte chemoattractant protein-1), which
is reduced in high-grade cervical lesions and in E6/E7-
expressing cells [48]. Moreover, it inhibits HPV E6 and E7
oncogene transcription and proliferation in HPV-
transformed keratinocytes in vitro [49] and causes apoptosis
of cervical cancer cell lineage [50]. This cytokine is associated
with lesion regression; its reduced level in serum and its pres-
ence in cervical cancer are correlated with tumor growth [51,
52]. Increased levels of TNF-a were also associated with
CIN2/3 lesions, but also with an exacerbated inflammatory
response [18]. A precise level of inflammatory response,
which includes the precise secretion level of several cytokines
including TNF-a, is the threshold between the occurrence
and regression of cellular transformation. A sufficient level
of this response at the infection onset is a mark of a valid
immune response, but when the inflammatory response
becomes excessive and persistent, it favours an appropriate
milieu for infection development.

Along with TNF-q, interferon belongs to the group of
crucial cytokines which creates an antiviral state, activating
cell-mediated immunity which is potentiated in the presence
of TNF-« (see Table 2 for IFN activities). Interferon is classi-
fied in type I (IFN-a and -f3), type II (IFN-y), and type III
(IFN-A) [62]. Similar to TNF-q«, the amount of interferon
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specific ligands (for each TLR) and synthetic substances as showed in the figure: (1) single-stranded RNA and imiquimod for TLR?7, (2)
double-stranded RNA and poly(I:C) for TLR3, (3) ssRNA and VTX-2337 for TLRS, (4) LPS, lipoteichoic acid, and Picibanil for TLR4, (5)
*“lipoproteins, peptidoglycans, lipoteichoic acids, zymosan, mannan, tGPI-mucin, and ISA201 for TLR2, (6) unmethylated dinucleotide
cytosine-guanine and EMD 1201081 for TLRY, and (7) flagellin and CBLB502 for TLR5. Once activated, the signal transduction depends
on adapter molecules such as MyD88, TIRAP, TRIF, and TRAM in order to activate the transcription of type I interferons and TLR-
induced genes. All TLRs, except TLR3, require MyD88 for propagation of their signals. TLR4 requires myeloid differentiation factor-2
(MD-2) as a coactivator for its activation by LPS binding [3, 5]. TIRAP: TIR-domain-containing adaptor protein; MyD88: myeloid
differentiation primary response protein 88; IRAK: IL-1R-associated kinase; TRAM: Toll receptor-associated molecule; TRIF: TIR-
domain-containing adapter-inducing interferon-f; TRAF: TNF receptor-associated factor; RIP-1: receptor-interacting protein kinase-1;
TAK: TNF receptor-associated factor; TAB: TGF-f-activated kinase /MAP3K7-binding protein; IKK: inhibitor of kappa B kinase; IxBa:
nuclear factor of kappa B, alpha; IRF: interferon regulatory factor; U: ubiquitination; P: phosphorylation.

arises mainly from NK cells [63], but T cells also synthesize
these cytokines, both cytokines are upregulated in therapeu-
tic approaches which cause infection regression [34].

With regard to this, it was suggested that the upregula-
tion of IFN would be a good hallmark for HPV16 infection
clearance [64]. This event is generally associated with the
expansion of NK cell cytotoxicity [65] and the expression of
IL-12 and TNF-« in infiltrated proinflammatory lympho-
cytes [57]. The increased levels of IFN restore immune func-
tion [55] and induce CD4" and CD8" responses, which led to
a complete regression of the disease in a half of the patients
who had undergone treatment. Several reports have shown
the inhibition of type I IFN expression or their transduction

pathways by HPV16 and 18 oncoproteins (E6 and E7). In this
way, key genes involved in the immune surveillance and
cytotoxic response are blocked [2, 56].

Diminished IFN-y synthesis has also been associated
with persistent infection and the level of malignancy of cervi-
cal lesions [66] as well as to the development of HPV-related
cancer. In HNSCC, for example, the reduced levels of this
cytokine are able to modify STAT1/STAT3 balance that
blocks antigen presentation and DC maturation [47].

IFN-y became a marker of the Thl-type antigen-specific
cellular immune responses, involved in tumor resolution [67]
and HPV clearance [18]. This cytokine induces: (i) synthesis
of antiangiogenic factors (e.g., IP-10); (ii) cell cytotoxicity by
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TaBLE 2: IFN immune activities and HPV interferences.

Activities
IFN-« inhibits keratinocyte immortalization induced by HPV16 [53]
Boosts IFN-y secretion [54] and Thl response [55]
Induces antibody production [54]
Induces resistance to viral replication [56]
Induces MHC class I and II expression [54]
Induces the activation of NK cells [56]
Plays antiangiogenic and antiproliferative activities [57]
Induces DC maturation and T cell proliferation and priming [54]
Turns virus-infected cells more susceptible for CTL killing [56]
IFN-I (IFN-a/B) Alters the B cell isotype and differentiation into plasma cell [54]
Prevents T cell apoptosis [54]
Promotes the proliferation of memory T cells [54]
HPV interferences
Its signal transduction pathways are prevented by E6 and E7 activities [18]

IFN-« signalling is inhibited by (i) HPV18 E6 interaction with Tyk2 (tyrosine kinase 2),
(ii) E6 binding to IRF-3 which prevents IFN-« transcription, and
(iii) HPV16 E7 prevention of the displacement of p48
(subunit of interferon-stimulated gene factor 3 (ISGF3)) to the nucleus
HPV16 E7 also inhibits IRF-1-mediated IFN-f transcription by physically interacting with IRF-1
IFN-« and IEN-p are also downregulated by E6-mediated inhibition of STAT1
binding to ISRE and prevention STAT1 expression [57]

Activities
IFN-y as well as IFN-I inhibit transcription of E6/E7 genes in immortalized
keratinocytes and malignant cells [48]

Upregulates MHC class I in immune and tumor cells [58] as well as
MHC I/II in epithelial cells [18]

Promotes differentiation to the Th1 profile and induces these cells to produce IFN-y [59]

Plays antiviral, antiproliferative [58], and tumor cell killing activities, being associated with

IFN-II (IFN-y) lesion regression [60]

Boosts the synthesis of inducible nitric oxide synthase, IP-10 (protein 10 inducible by IFN-y) and Mig
(monocin inducible by IFN-y) chemokines by macrophages, which augment cytotoxic response [58]

Induces NK cell infiltration and activation [58]

Induces TAP-1 (transporter antigen processing-1) and MCP-1 expression, which are important for
T cell antigen recognition and chemoattraction, respectively [58]

HPV interferences
The expression of TAP-1 and MCP-1 is prevented by E7 and E6/E7, respectively [48]

Activities

Prevents several tumor cell lines growth [61]
Promotes antiviral and antitumor responses [61]
IFN-III (IFN-1) In the treatment of viral and neoplastic diseases it has been tested with type I IFNs showing
synergic effects and reduced side effects [61]
HPV interferences

None reported

boosting the overexpression of adhesion molecules; (iii)
antigen presentation and synthesis of IL-12 by activation
of DC; and (iv) more sensitivity to granule activity and
death signalling [68]. In addition, type III IFN (IFN-A1)
has also been demonstrated to play an important role in
immune response against HPV infection. Alteration of this
interferon was reported in hrHPV cell infection status, and
it was suggested that it may support immune surveillance

against HPV infection and cervical carcinogenesis. IFN-A
shows similar activities of type I IFNs but only specific
cells respond to this type of IFNs like epithelial cells
[62]. For all these activities and owing to the oncoprotein
interference with these molecules, interferons are a class of
cytokines with a great potential value when used in the
development of more efficient approaches for HPV-
related cancer therapy.
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Another cytokine demonstrating to have strong antitumor
activity is IL-2, which is produced primarily by CD4" cells after
antigen priming. It plays several important roles, including the
activation and maturation of DC, stimulation of NK cell cyto-
toxicity, the expansion of CD8" and CD4" cells, and the polar-
ization for the Thl cell profile [69]. Several studies have
attributed the reduced levels of this cytokine to the lesion pro-
gression or cancer in HPV infection [21, 42, 70, 71]. Its
reduced levels were suggested to be a viral evasion mechanism
[71], which is frequently associated with increased levels of IL-
10, TGF-p, and Treg cells [43]. Due to its strong immunopro-
tective activity, IL-2 has been used in several immunothera-
peutic approaches, like in association with TG4001 HPV
vaccine, which is constituted of a recombinant Ankara vac-
cinia virus expressing HPV16 E6 and E7 [6]. The disadvan-
tages of IL-2 administration are systemic toxicity and the
induction of Treg cell proliferation [69]. For example, in
HNSCC, the administration of IL-2 and IFN-a2a demon-
strated high toxicity [72].

3.2. Th17 Cells and Proinflammatory Cytokines. The inflam-
mation process is an important feature of any cancer [1]. In
regard to HPV-associated cancer, a deregulated proinflam-
matory network is induced by HPV inducing a favourable
milieu for tumor development.

Th17 cell (CD4",IL-17%),a T cell phenotype involved in
the inflammatory response, was reported to be linked to
the development of cervical cancer as well as others [73].
It has been shown that the percentage of this cell pheno-
type, as well as Th17/Treg ratio, was higher in peripheral
blood samples of patients with premalignant and cervical
cancer lesions when compared to the normal cytology
group [74], a similar outcome previously observed [75].
In other studies, elevated levels of Th17 cells in CIN and
cancer patients [73, 76] and in high-grade cervical lesions
[77] were found, when compared to healthy controls. A
higher statistical prevalence of this cell type was reported
not only in serum but also in the cervical tissue of cancer
patients. Likewise, a statistical significance of Th17 preva-
lence among patients with advanced (higher prevalence)
and early stages in malignant processes was observed
[78] and thus, its level has been deemed a good indepen-
dent prognostic factor in cervical cancer [79].

In HNSCC, elevated levels of Th17 cells were found along
with Treg [80] in serum and in tumor milieu, concluding its
negative impact on the immune response against HPV, espe-
cially due to the induction of an exaggerated inflammatory
response through IL-17 secretion [81]. The increased levels
of Th17 or IL-17 were also found in patients with hypopharyn-
geal carcinoma, as well as other cancers such as colon, gastric
and lung, suggesting a connection with cancinogenesis and
malignant progression. Conversely, premalignant oral lesion
treatments with TGF-p type I receptor inhibitor and IL-23
showed maintenance of the Th17 phenotype instead of chang-
ingto Treg cells. This resulted in the production of stimulatory
and inflammatory molecules and slowed the progression of
premalignant lesions to oral cancer [82]. Thelast research out-
come demonstrated that the effect of Th17 is still unclear,
mainly in other types of HPV-related cancers [79].

IL-1 (both IL-1« and -p) is the other interleukin present
in higher levels in cervical cancer. Secretion of IL-1 is pro-
moted by keratinocyte damage, the major IL-1-producing
cells [83]. This interleukin is also secreted by TAM, another
important cell in harmful proinflammatory response which
induces metastasis, tumor growth, angiogenesis, and Treg
differentiation [21]. IL-1 expression is modulated by NK-«B
and vice versa, and the same occurs with TNF-q, that partic-
ipates in the IL-1 synthesis pathway [83].

In particular, IL-1B exhibits an essential role in
inflammation-associated carcinogenesis and supports tumor
growth and metastasis. This interleukin promotes the secre-
tion of a great range of cytokines, chemokines, growth factors,
and various metastatic mediators, such as TGF-f3, VEGF,
metalloproteinases, and endothelial adhesion molecules [84].
In cancer studies, IL-1f is associated with a poor prognosis
[84], and in cervical cancer research, it supports tumor pro-
gression and carcinogenesis [85]. IL-1 was also overex-
pressed in several types of tumors like breast, colon,
oesophageal, lung, and oral cancer. A high throughput bioin-
formatics analysis plus in vitro and in vivo observation demon-
strated that IL-13 is one of the key genes involved in HNSCC
formation. This interleukin is closely related to the malignant
transformation of oral cells, protumorigenic microenviron-
ment generation that leads to oral carcinogenesis, and cell
growth of the same type of cells [86]. Due to its crucial role
in inflammation and carcinogenesis, this interleukin has been
considered useful in therapeutic strategies [84] as well as IL-1«
which also plays an important role in carcinogenesis [87].
Interestingly, the expression of IL-1a has been associated with
higher risk of distant metastasis in HNSCC, the major cause of
death in this type of cancer. In this scenario, the evaluation of
IL-1er and clinical information may predict patients with high
risk of HNSCC metastasis, thus leading to new treatment
strategies [88].

Other examples of proinflammatory cytokines which
support inflammation-associated cervical carcinogenesis are
listed in Table 3.

3.3. Immunosuppressive Cytokines. There are several cyto-
kines which are directly involved in downregulation of
inflammatory status, promoting infection progress and
cancer development. These include TGF-p, IL-4, IL-6, and
IL-10 which are the main Th2 cytokines related to this anti-
inflammatory profile and are discussed in this topic.

The expression of these cytokines is modulated by HPV
oncoproteins o create a Th2 microenvironment. They have
been reported to be upregulated in premalignant and cancer
lesions [41, 52], and were suggested as biomarkers for HPV-
related cancer [96]. Other Th2 interleukins are also encoun-
tered at high levels in cervical cancer patients, such as IL-9
[97] and IL-15 [44]. The latter and TGF-p, for example, were
reported to induce the expression of CD94/NKG2A, prevent-
ing NK cell activity and CTL cytotoxicity [98]. An ongoing
study evaluated a recombinant human IL-15 in advanced
HNSCC patients in order to measure NK cell count, activity,
and other immune response parameters (NCT01727076).

TGF-f plays a crucial role in the repression of immune
responses against HPV and is upregulated in cervical


https://clinicaltrials.gov/ct2/show/NCT01727076

10 Journal of Immunology Research
TaBLE 3: Some proinflammatory cytokines in HPV-related carcinogenesis.
Cytokine Action mechanism
(i) It induces neutrophil chemoattraction and cell survival [18]
IL-8 (ii) It stimulates cell growth and cancer metastasis [89]
(iii) Prognosis of patients with high levels of IL-8 is extremely poor [48] and its
expression was associated with lesion severity [90]
(i) It is associated with lymphatic metastasis [91]
(ii) It is found in high levels in patients with cervical cancer [91]
L-17 (iii) It is also linked to the antitumor response [92], when it supports the
recruitment and activation of neutrophils,
the maturation of DC/priming of T cells, and the synthesis of TNF-a,
IL-1p, and IL-6 [74, 75, 93]
(i) It is synthesized by activated APCs [94]
(ii) It induces macrophage secretion of TNF-a, DC production of IL-12,
and the synthesis of IL-17 [95]
L-23 (iii) It induces upregulation of MMP9 (matrix metalloproteinase 9),

tumor angiogenesis, and TAM activity and prevents T CD8" cell infiltration [95]

(iv) As well as IL-17, shows antitumor activities through its immune surveillance
properties, such as the promotion of CTL and NK cell, the IFN-y secretion,
and the stimulation of the IL-12-induced Th1 response [95]

carcinogenesis by viral oncoprotein activities. It blocks effec-
tor functions by suppressing antigen presentation, NK cyto-
toxicity, B cell and CTL proliferation, and cytokine
synthesis of the Thl profile. It downregulates IL-2 receptor
signalling in T cells and IL-12 expression by APCs. More-
over, this cytokine is able to promote IL-10 expression by
macrophages, induces proteolytic activity, which causes
angiogenesis and metastasis [43], induces CD94/NKG2A
expression on T cells [98], and stimulates the differentiation
of T cells to Treg and Thl7 phenotypes [74]. Moreover,
TGF-f upregulation has been associated with favouring
tumor development, CIN III specimens, cervical cancer,
and cancer invasiveness [43].

IL-4 is another important cytokine frequently mentioned
in cervical cancer studies. It is able to inhibit cytotoxic activ-
ity and IFN-y expression, even in the presence of PMA
(phorbol myristate acetate) and ionomycin—substances used
in carcinogenesis models that stimulate immune responses
[99]. This interleukin induces a switch to a Th2 responsive-
ness profile along with IL-2 [100] and is associated with viral
persistence, disease severity, and progression of precancerous
lesions [43, 100].

Like IL-4, IL-6 is upregulated during cervical carcinogen-
esis progression [90], playing a role in HPV-immortalized
and carcinoma-derived cervical cell line proliferation [101].
It has been stated to induce the phosphorylation of STAT3
(the activated condition) in HNSCC, causing immunosup-
pression by inhibiting maturation of DC and activation of
neutrophil, macrophage, NK and T cells. STAT3 is a key
transcription factor which is involved in several other
immunosuppressive activities such as IL-10 signalling,
downregulation of IL-12, impairment of DC, and production
of Treg cells [102]. IL-6 also contributes to the proliferation
and inhibition of apoptosis of cancer cells, and thus,
supports chronic inflammation and cancer development
[51]. This interleukin affects DC migration, induces

angiogenesis [103], MMP9 synthesis, and TAM differentia-
tion [104]. However, IL-6 has also been reported to play
anti-infection and antitumor functions [105]. Its expression
is associated with a poor clinical prognostic factor [73]
and its transcription repression can be used in immuno-
therapy approaches in cervical [106] and other HPV-
related cancers [47].

IL-10 is the most studied Th2 cytokine with immuno-
suppressive activity in HPV-related cancer. It is synthesized
by various cells, including Treg, Th2, M2 macrophages,
APCs, and NK cells. This interleukin supports the creation
of a microenvironment favourable to tumor development
and it is the main cytokine having a Th2 role along with
TGEF-B. It hampers immune surveillance by blocking (i)
antigen presentation by DC through the reduction of
MHC 1I, adhesion, and costimulatory molecules, (ii) the
synthesis of cytokines of the Thl profile and (iii) the activ-
ities of monocytes and NK cells. IL-10 also supports
immunomodulation by inducing the differentiation of T
cells and macrophages to the Treg [43] and M2 profiles,
respectively [107].

Furthermore, it has been demonstrated that IL-10 preju-
dices antiviral immune responses, since it impairs Th1 profile
differentiation, CD8" cytotoxic response, and CD3" expres-
sion, which is essential in activating T cells. This interleukin
also causes the downregulation of MHC I and II on the sur-
face of monocytes. Moreover, this molecule is able to upreg-
ulate HPV16 E7 in cervical carcinoma cells in vitro, inducing
tumor proliferation [43].

Despite the immunosuppressive activities cited above,
there were disagreements over what high levels of IL-10 were
related to, since it has been also associated with low grade
lesions [66]. However, its immune regulatory activities have
been well established. Elevated levels of IL-10 are commonly
correlated with high-grade lesions and cancer condition, and
its immunosuppressive roles have been reported countless
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FiGURe 5: Interferences of HPV on CD4"/CD8" lymphocyte responses, tumor proliferation, and apoptosis. (1) HPV is able to downregulate
the Thl response by decreasing proinflammatory cytokines. Moreover, Th2 and Treg response are stimulated by the virus because anti-
inflammatory cytokines are expressed in higher amounts in tumor microenvironment. (2) Tumor cells show different mechanisms for
their activation and survival. HPV (especially E6 and E7 oncogenes) promotes changes in cell cycle regulatory genes (e.g., pRb and p53),
leading to tumor cell proliferation. In addition, Th2 cytokines produced by APC and T CD4" cells generate a chemical microenvironment
that favours tumor establishment [2]. (3) T CD8" lymphocyte activities are affected by HPV infection that induces a decreased antigen
presentation (MHC-I/HLA-A) and expression of TLRs and CCR7 on membrane surface of infected cells. Moreover, these cells also show

upregulation of CTLA-4 and PD-1 inhibitor molecules [108].

times [42, 43, 52, 91], what are probably induced by HPV E2
protein activity [43].

Hence, IL-10, along with CD8" T cells and Treg cell ratio,
has been considered an independent factor of poor progno-
sis. Treg cell is associated with tumor growth, tumorigenesis,
and lymph node metastasis, constituting a poor prognosis for
patients with cervical and other cancers as well [55]. These
cells are rich in high-grade carcinoma samples, suppress
CTL and NK cell activities, and support cancer progression
through cytokine synthesis, such as IL-10 itself and TGF-f3
[43, 80]. Therefore, Treg cells, IL-10, and TGF-p (and other
immune activities interfered by HPV are summarized in
Figure 5) are considered targets for therapeutic interventions.

Another cytotoxic cell has also been encountered at high
numbers in cervical cancer samples [109]. The expansion of
this novel T cell subtype might affect lesion fate [110]. It is
positive for CD4 and NKG2D markers and is subdivided in
CD28"", showing a statistically significant association with
underexpression of several proinflammatory cytokines, such
as IL1-f, IL-2, and TNF-a [109]. The role it plays and
whether it is related to tumor growth or tumor suppression
are still not known.

Novel cytokines in cervical cancer study have been gain-
ing more and more attention due to their therapeutic poten-
tial. One of them, IL-37, has shown promising results because
of its anticancer activity. For the first time, its anticancer role
in an in vitro cervical cancer model has been demonstrated.
This interleukin suppressed proliferation and invasion of
HeLa and C33A cell lines, with higher inhibition rates in
HeLa cell line, showing that anticancer activities were related
to the HPV. This occurred through the inhibition of mRNA

and protein expression of STAT3. Moreover, STAT3 phos-
phorylation was also blocked. This protein is a key transducer
signalling molecule for developing an immune response in a
tumor setting and could be an antagonist of IL-6 activity
since STATS3 is central to the IL-6 signalling pathway [111].
In summary, cytokines are key molecules which modulate
the pathology milieu. Thus, the regulation of the transcription,
the synthesis, and the secretion of these signalling molecules in
immunotherapies are necessary events to achieve satisfactory
results in therapy. Cytokines are involved in several mecha-
nisms of the immune system, such as immune cell
maturation/differentiation, maintaining activation and regu-
lating immune cell activities, which contribute to an immuno-
protective background. Consequently, these molecules are
important for therapy, i.e., by supporting the establishment
of a proimmune milieu for infection clearance or by prevent-
ing the immunosuppressive role of immune cells. Many ther-
apeutic interventions which take advantage of this have been
developed and are currently in progress in therapeutic prac-
tices with very promising results, such as the active cytokine
components of IRX-2, which caused an increase in antigen
presentation, in NK cell activity, in the synthesis of costimula-
tory molecules and in CD8" T cell responses [112]. The mix-
ture of cytokines is safe, generally well tolerated, and has
currently been tested in a phase II trial for HNSCC [38].

4. Future Prospects

The immune response is vital in HPV-related cancer disease
progression and resolution. In this set of collected data, the
host immune response was observed to be used to benefit
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patient’s health through various ways, as these attributes
occur in the natural resolution of infection. These new
immunological approaches open novel horizons in diagnosis
and especially in cancer therapy. TLRs and cytokines have
been used to create an ideal tumor milieu for preventing
tumor development or favouring transformed cell destruc-
tion. Their utilization appears to be a very promising
immunotherapeutic strategy nowadays. The activation of
DC and NK cells by means of administration of appropri-
ate TLR and cytokines is essential to ensure the T-helper
and cytotoxic responses.

Another possibility of using TLRs and cytokines in
immunotherapy is their use in combination with monoclonal
antibodies that prevent the activity of the immune
checkpoint molecules, such as CTLA-4, PD-1, LAG-3, and
TIM-3. These receptors are found in T cells and interact to
ligands located at the cell membrane of tumor and antigen-
presenting cells. In tumor pathogenesis, the activation of
these molecules triggers signalling pathways which primarily
prevent the function of CD8" and CD4" cells. In addition,
the induction of other immune evasion activities offers a
suitable environment for infection persistence and tumor
development. Thus, inhibition of these activities may be
considered a good therapeutic target; CTLA-4, for example,
is found to be highly expressed in HPV-related cancer
when compared to HPV-negative samples [22]. It competes
with CD28 for interactions with the CD80 and CD86
ligands in DC surface, which prevented T cell priming by
these cells. PD-1/PD-L1 is also greatly related to immune
escape in HPV-related cancers, being correlated with a
reduced disease survival rate due to CTL activity attenua-
tion [102, 113]. Similarly, LAG-3 and TIM-3 have been
recently considered in immunotherapy approaches. The
first molecule enhances Treg cell activity [102]; and the sec-
ond one induces T cell exhaustion and suppression of the
innate response, associated with poor prognosis and tumor
progression [114].

Checkpoint inhibitor monoclonal antibodies combined
with other immune approaches have already been evaluated
for cervical and HNSCC treatment: anti-PD-1 such as pem-
brolizumab (which is in ongoing studies for HNSCC treat-
ment: NCT02255097 and NCT02252042) and nivolumab
(NCT02105636 and NCT02488759); anti-PD-L1 such as
durvalumab (NCT02207530) [46]; anti-CTLA4 such as ipili-
mumab and tremelimumab; anti-LAG-3 such as BMS-
986016 (NCT01968109); and anti-TIM-3 (NCT02817633).
The cited studies including LAG-3 and TIM-3 were for treat-
ment of solid tumors. On the other hand, the combination
with TLR agonists is new for HPV-related cancers; there
are only two studies, NCT02643303 and NCT02124850,
which are currently recruiting patients for testing the poly(I:C)
with tremelimumab and durvalumab and the combination of
VTX-2337 plus cetuximab or VITX-2337 plus cetuximab plus
nivolumab, respectively. Regarding the evaluation of the
combination of checkpoint inhibitors with cytokines in
HPV-related cancers, no current study is reported at least to
the best of our knowledge; and only three studies were reported
for other HPV-unrelated solid tumors (NCT02614456,
NCT02174172, and NCT02947165).
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Therefore, the combination of different immunothera-
peutic methods has shown increased beneficial effects and
seems to be crucial in achieving better outcomes as observed
in preclinical and clinical trials. As discussed here, HPV-
related tumors require a great immune suppressor status
for cancer development with increased activities of Treg,
CTLA-4, and PD-1 and the suppression of APC and NK cells.
Thus, studies on such evasion mechanisms are needed and
offer new therapeutic perspectives.
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Antigen-presenting cell

C-C motif chemokine ligand
2/monocyte chemoattractant protein-1
CCL20/MIP-3a: C-C motif chemokine ligand
20/macrophage inflammatory protein-3a

CCR7: C-C motif chemokine receptor 7

CTL: cytotoxic T lymphocyte (CD8 T
lymphocyte)

CTLA-4: Cytotoxic T lymphocyte-associated
antigen 4

DAMP: Damage- or danger-associated molecular
patterns

DC: Dendritic cell

EGFR: Epidermal growth factor receptor

HDACI: Histone deacetylase 1

HelLa: Human cervical cancer cell line

HNSCC: Head and neck squamous cell carcinoma

HPV: human papillomavirus

IxBa: Nuclear factor of kappa light polypeptide
gene enhancer in
B-cell inhibitor, alpha

IRAK: IL-1R-associated kinase

IRF: Interferon regulatory factor

ISGF3: Interferon-stimulated gene factor 3

ISRE: Interferon response element

IKK: Inhibitor of kappa B kinase

JARID1B: Lysine-specific demethylase 5B

LC: Langerhans cell

LPS: Lipopolysaccharides

MHC: Major histocompatibility complex

MMP9: Matrix metalloproteinase 9

MPL: monophosphoryl lipid A

MyD88: Myeloid differentiation primary response
protein 88

NF-«B: Nuclear transcription factor
kappa B

NK: Natural killer

OPSCC: Oropharyngeal squamous cell carcinoma

OSCC: oral squamous cell carcinoma

PAMPs: Pathogen-associated molecular patterns

PD-1: Programmed death-1 receptor

PD-LI: Programmed death ligand-1

PMA: phorbol myristate acetate

Poly(L:C): Polyriboinosinic-polyribocytidylic acid

PolyICLC: Modified version of poly(I:C) stabilized by
lysine and carboxymethylcellulose

RIP-1: Receptor interacting protein kinase-1
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SCC: squamous cell carcinoma

TAB: TGEF--activated kinase
I/MAP3K7-binding protein

TAK: TNF receptor-associated factor

TAM: Tumor-associated macrophage (M2
macrophage phenotype)

TAP-1: Transporter antigen processing-1

TIRAP: TIR-associated protein

TNEF-a: Tumor necrosis factor «

TLR: Toll-like receptor

TRAM: Toll receptor-associated molecule

TRAF: TNF receptor-associated factor

TRIF: TIR-domain-containing

adapter-inducing interferon-f.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Aldo

Venuti and Antonio Carlos de Freitas equally

contributed to this work.

Acknowledgments

The authors would like to thank Tania Merlino for English
editing and corrections. This paper has received funding
from CNPq/edital PVE (401305/2014-7) and FACEPE/edital
PRONEM (APQ-0562-2.02/2014).

References

(1]
(2]

(4]

(7]

(8]

D. Hanahan and R. A. Weinberg, “Hallmarks of cancer: the
next generation,” Cell, vol. 144, no. 5, pp. 646-674, 2011.

A. K. Grabowska and A. B. Riemer, “The invisible enemy -
how human papillomaviruses avoid recognition and clear-
ance by the host immune system,” The Open Virology Journal,
vol. 6, no. 1, pp. 249-256, 2012.

S. Basith, B. Manavalan, T. H. Yoo, S. G. Kim, and S. Choi,
“Roles of Toll-like receptors in cancer: a double-edged sword
for defense and offense,” Archives of Pharmacal Research,
vol. 35, no. 8, pp. 1297-1316, 2012.

M. D. Turner, B. Nedjai, T. Hurst, and D. ]. Pennington,
“Cytokines and chemokines: at the crossroads of cell signal-
ling and inflammatory disease,” Biochimica et Biophysica
Acta (BBA) - Molecular Cell Research, vol. 1843, no. 11,
pp. 2563-2582, 2014.

T. Kawasaki and T. Kawai, “Toll-like receptor signaling path-
ways,” Frontiers in Immunology, vol. 5, p. 461, 2014.

P. Vici, L. Mariani, L. Pizzuti et al., “Immunologic treatments
for precancerous lesions and uterine cervical cancer,” Journal
of Experimental & Clinical Cancer Research, vol. 33, no. 1,
p. 29, 2014.

F. Gableh, M. Saeidi, S. Hemati et al., “Combination of the
Toll like receptor agonist and a-galactosylceramide as an
efficient adjuvant for cancer vaccine,” Journal of Biomedical
Science, vol. 23, no. 1, p. 16, 2016.

U. A. Hasan, C. Zannetti, P. Parroche et al., “The human pap-
illomavirus type 16 E7 oncoprotein induces a transcriptional

[9

—

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

13

repressor complex on the Toll-like receptor 9 promoter,”
Journal of Experimental Medicine, vol. 210, no. 7, pp. 1369-
1387, 2013.

S. Rakoff-Nahoum and R. Medzhitov, “Toll-like receptors
and cancer,” Nature Reviews Cancer, vol. 9, no. 1, pp. 57-
63, 2009.

A. M. Rich, H. M. Hussaini, V. P. B. Parachuru, and G. J.
Seymour, “Toll-like receptors and cancer, particularly oral
squamous cell carcinoma,” Frontiers in Immunology, vol. 5,
p. 464, 2014.

J. Li, H. Rao, C’e. Jin, and J. Liu, “Involvement of the Toll-like
receptor/nitric oxide signaling pathway in the pathogenesis of
cervical cancer caused by high-risk human papillomavirus
infection,” BioMed Research International, vol. 2017, Article
1D 7830262, 8 pages, 2017.

L. Yu, L. Wang, M. Li, J. Zhong, Z. Wang, and S. Chen,
“Expression of Toll-like receptor 4 is down-regulated during
progression of cervical neoplasia,” Cancer Immunology,
Immunotherapy, vol. 59, no. 7, pp. 1021-1028, 2010.

R. Aggarwal, S. Misra, C. Guleria et al., “Characterization of
Toll-like receptor transcriptome in squamous cell carcinoma
of cervix: a case-control study,” Gymnecologic Oncology,
vol. 138, no. 2, pp. 358-362, 2015.

Y. X. Cheng, X. Y. Qi, J. L. Huang et al., “Toll-like receptor 4
signaling promotes the immunosuppressive cytokine produc-
tion of human cervical cancer,” European Journal of Gynae-
cological Oncology, vol. 33, no. 3, pp. 291-294, 2012.

C. A. DeCarlo, B. Rosa, R. Jackson, S. Niccoli, N. G. Escott,
and 1. Zehbe, “Toll-like receptor transcriptome in the
HPV-positive cervical cancer microenvironment,” Clinical
and Developmental Immunology, vol. 2012, article 785825,
9 pages, 2012.

A.Hasimu, L. Ge, Q.-Z. Li, R.-P. Zhang, and X. Guo, “Expres-
sions of Toll-like receptors 3, 4, 7, and 9 in cervical lesions
and their correlation with HPV16 infection in Uighur
women,” Chinese Journal of Cancer, vol. 30, no. 5, pp. 344-
350, 2011.

A. Ghosh, A. Dasgupta, A. Bandyopadhyay et al., “A study of
the expression and localization of Toll-like receptors 2 and 9
in different grades of cervical intraepithelial neoplasia and
squamous cell carcinoma,” Experimental and Molecular
Pathology, vol. 99, no. 3, pp. 720-724, 2015.

A. Moerman-Herzog and M. Nakagawa, “Early defensive
mechanisms against human papillomavirus infection,” Clinical
and Vaccine Immunology, vol. 22, no. 8, pp. 850-857, 2015.

A. Roszak, M. Lianeri, A. Sowinska, and P. P. Jagodzinski,
“Involvement of Toll-like receptor 9 polymorphism in cervi-
cal cancer development,” Molecular Biology Reports, vol. 39,
no. 8, pp. 8425-8430, 2012.

Y. Zhang, H. Yang, P. A. Barnie et al., “The expression of
Toll-like receptor 8 and its relationship with VEGF and
Bcl-2 in cervical cancer,” International Journal of Medical
Sciences, vol. 11, no. 6, pp. 608-613, 2014.

A. Duray, S. Demoulin, P. Hubert, P. Delvenne, and
S. Saussez, “Immune suppression in head and neck cancers:
a review,” Clinical and Developmental Immunology,
vol. 2010, article 701657, 15 pages, 2010.

R. Mandal, Y. Senbabaoglu, A. Desrichard et al., “The head
and neck cancer immune landscape and its immunothera-
peutic implications,” JCI Insight, vol. 1, no. 17, article
€89829, 2016.



14

(23]

[24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

L. K. Ng, A. M. Rich, H. M. Hussaini et al., “Toll-like receptor
2 is present in the microenvironment of oral squamous cell
carcinoma,” British Journal of Cancer, vol. 104, no. 3,
pp. 460-463, 2011.

Q. Luo, S. Hu, M. Yan, Z. Sun, W. Chen, and F. Chen, “Acti-
vation of Toll-like receptor 3 induces apoptosis of oral squa-
mous carcinoma cells in vitro and in vivo,” The International
Journal of Biochemistry & Cell Biology, vol. 44, no. 8,
pp. 1266-1275, 2012.

H.-C. Chuang, C.-C. Huang, C.-Y. Chien, and J. H. Chuang,
“Toll-like receptor 3-mediated tumor invasion in head and
neck cancer,” Oral Oncology, vol. 48, no. 3, pp. 226-232,
2012.

R. Pries, L. Hogrefe, L. Xie et al, “Induction of c-Myc-
dependent cell proliferation through Toll-like receptor 3 in
head and neck cancer,” International Journal of Molecular
Medicine, vol. 21, no. 2, pp. 209-215, 2008.

M. J. Szczepanski, M. Czystowska, M. Szajnik et al., “Trigger-
ing of Toll-like receptor 4 expressed on human head and neck
squamous cell carcinoma promotes tumor development and
protects the tumor from immune attack,” Cancer Research,
vol. 69, no. 7, pp- 3105-3113, 2009.

C. Rydberg, A. Mansson, R. Uddman, K. Riesbeck, and
L.-O. Cardell, “Toll-like receptor agonists induce inflam-
mation and cell death in a model of head and neck
squamous cell carcinomas,” Immunology, vol. 128, 1, Part
2, pp. €600-e611, 2009.

L. Jouhi, N. Datta, S. Renkonen et al., “Expression of Toll-
like receptors in HPV-positive and HPV-negative oropha-
ryngeal squamous cell carcinoma—an in vivo and
in vitro study,” Tumor Biology, vol. 36, no. 10, pp. 7755-
7764, 2015.

L. Galluzzi, E. Vacchelli, A. Eggermont et al., “Trial watch:
experimental Toll-like receptor agonists for cancer therapy,”
OncolImmunology, vol. 1, no. 5, pp. 699-739, 2012.

L.-S. Chang, C.-H. Leng, Y.-C. Yeh et al., “Toll-like recep-
tor 9 agonist enhances anti-tumor immunity and inhibits
tumor-associated immunosuppressive cells numbers in a
mouse cervical cancer model following recombinant lipo-
protein therapy,” Molecular Cancer, vol. 13, no. 1, p. 60,
2014.

S. Domingos-Pereira, L. Decrausaz, L. Derré et al., “Intrava-
ginal TLR agonists increase local vaccine-specific CD8 T
cells and human papillomavirus-associated genital-tumor
regression in mice,” Mucosal Immunology, vol. 6, no. 2,
pp. 393-404, 2013.

A. Sajadian, A. Tabarraei, H. Soleimanjahi, F. Fotouhi,
A. Gorji, and A. Ghaemi, “Comparing the effect of Toll-like
receptor agonist adjuvants on the efficiency of a DNA vac-
cine,” Archives of Virology, vol. 159, no. 8, pp. 1951-1960,
2014.

O. Peralta-Zaragoza, V. H. Bermtdez-Morales, C. Pérez-Plas-
encia, J. Salazar-Leon, C. Gomez-Cer6n, and V. Madrid-
Marina, “Targeted treatments for cervical cancer: a review,”
OncoTargets and Therapy, vol. 5, pp. 315-328, 2012.

J. C. Klein, C. A. Wild, S. Lang, and S. Brandau, “Differen-
tial immunomodulatory activity of tumor cell death
induced by cancer therapeutic Toll-like receptor ligands,”
Cancer Immunology, Immunotherapy, vol. 65, no. 6,
pp. 689-700, 2016.

L. Q. M. Chow, C. Morishima, K. D. Eaton et al., “Phase Ib
trial of the Toll-like receptor 8 agonist, motolimod (VTX-

(37]

(38]

(39]

[40]

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

Journal of Immunology Research

2337), combined with cetuximab in patients with recurrent
or metastatic SCCHN,” Clinical Cancer Research, vol. 23,
no. 10, pp. 2442-2450, 2017.

G. N. Dietsch, T. D. Randall, R. Gottardo et al., “Late-stage
cancer patients remain highly responsive to immune
activation by the selective TLR8 agonist motolimod (VTX-
2337),” Clinical Cancer Research, vol. 21, no. 24, pp. 5445-
5452, 2015.

D. Bann, D. Deschler, and N. Goyal, “Novel immunothera-
peutic approaches for head and neck squamous cell carci-
noma,” Cancers, vol. 8, no. 10, 2016.

A. Ruzsa, M. Sen, M. Evans et al., “Phase 2, open-label, 1:1
randomized controlled trial exploring the efficacy of EMD
1201081 in combination with cetuximab in second-line
cetuximab-naive patients with recurrent or metastatic squa-
mous cell carcinoma of the head and neck (R/M SCCHN),”
Investigational New Drugs, vol. 32, no. 6, pp. 1278-1284,
2014.

L. A. Toshkov, A. S. Gleiberman, V. L. Mett et al., “Mitigation
of radiation-induced epithelial damage by the TLR5 agonist
entolimod in a mouse model of fractionated head and neck
irradiation,” Radiation Research, vol. 187, no. 5, pp. 570-
580, 2017.

A. Jebreel, D. Mistry, D. Loke et al., “Investigation of interleu-
kin 10, 12 and 18 levels in patients with head and neck can-
cer,” The Journal of Laryngology & Otology, vol. 121, no. 3,
pp. 246-252, 2007.

B. C. Peghini, D. R. Abdalla, A. C. M. Barcelos, L. d. G. V. L.
Teodoro, E. F. C. Murta, and M. A. Michelin, “Local cytokine
profiles of patients with cervical intraepithelial and invasive
neoplasia,” Human Immunology, vol. 73, no. 9, pp. 920-
926, 2012.

K. Torres-Poveda, M. Bahena-Romdan, C. Madrid-Gonzélez
et al., “Role of IL-10 and TGF-p1 in local immunosuppres-
sion in HPV-associated cervical neoplasia,” World Journal
of Clinical Oncology, vol. 5, no. 4, pp. 753-763, 2014.

A. C.Vidal, D. Skaar, R. Maguire et al., “IL-10, IL-15, IL-17,
and GMCSF levels in cervical cancer tissue of Tanzanian
women infected with HPV16/18 vs. non-HPV16/18 geno-
types,” Infectious Agents and Cancer, vol. 10, no. 1, p. 10,
2015.

S. Tugues, S. H. Burkhard, I. Ohs et al., “New insights into IL-
12-mediated tumor suppression,” Cell Death ¢ Differentia-
tion, vol. 22, no. 2, pp. 237-246, 2014.

J. M. Bauml, R. B. Cohen, and C. Aggarwal, “Immunotherapy
for head and neck cancer: latest developments and clinical
potential,” Therapeutic Advances in Medical Oncology,
vol. 8, no. 3, pp. 168-175, 2016.

N. Gildener-Leapman, R. L. Ferris, and J. E. Bauman, “Prom-
ising systemic immunotherapies in head and neck squamous
cell carcinoma,” Oral Oncology, vol. 49, no. 12, pp. 1089-
1096, 2013.

C. D. Woodworth, “HPV innate immunity,” Frontiers in Bio-
science, vol. 7, no. 4, pp. d2058-d2071, 2002.

M. Scott, M. Nakagawa, and A.-B. Moscicki, “Cell-mediated
immune response to human papillomavirus infection,” Clini-
cal and Vaccine Immunology, vol. 8, no. 2, pp. 209-220, 2001.
C. B. Powell, J. H. Scott, and J. L. Collins, “Characterization of
the protein synthesis independent TNFe« lytic mechanism in
human ovarian and cervical carcinoma cell lines,” Gyneco-
logic Oncology, vol. 62, no. 1, pp. 42-48, 1996.



Journal of Immunology Research

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

[59]

(60]

[61]

(62]

[63]

[64]

[65]

T. P. Gening, I. I. Antoneeva, T. V. Abakumova et al,
“Dynamics of proinflammatory cytokine levels and their role
in the development of local and systemic effects during pro-
gressing cervical cancer,” Bulletin of Experimental Biology
and Medicine, vol. 157, no. 6, pp. 776-780, 2014.

J. M. Alcocer-Gonzélez, J. Berumen, R. Taméz-Guerra et al.,
“In vivo expression of immunosuppressive cytokines in
human papillomavirus-transformed cervical cancer cells,”
Viral Immunology, vol. 19, no. 3, pp. 481-491, 2006.

M. A. Khan, W. H. Tolleson, J. D. Gangemi, and L. Pirisi,
“Inhibition of growth, transformation, and expression of
human papillomavirus type 16 E7 in human keratinocytes
by alpha interferons,” Journal of Virology, vol. 67, no. 6,
Pp. 3396-3403, 1993.

A. Iwasaki and R. Medzhitov, “Toll-like receptor control of
the adaptive immune responses,” Nature Immunology,
vol. 5, no. 10, pp. 987-995, 2004.

S. H. van der Burg, “Immunotherapy of human papilloma
virus induced disease,” The Open Virology Journal, vol. 6,
no. 1, pp. 257-263, 2012.

P. M. O'Brien and M. Saveria Campo, “Evasion of host
immunity directed by papillomavirus-encoded proteins,”
Virus Research, vol. 88, no. 1-2, pp. 103-117, 2002.

M. A. Stanley, “Immune responses to human papilloma
viruses,” The Indian Journal of Medical Research, vol. 130,
no. 3, pp. 266-276, 2009.

U. Boehm, T. Klamp, M. Groot, and J. C. Howard, “Cellular
responses to interferon-y,” Annual Review of Immunology,
vol. 15, no. 1, pp. 749-795, 1997.

H. A. Alshaker and K. Z. Matalka, “IFN-y, IL-17 and TGF-f8
involvement in shaping the tumor microenvironment: the
significance of modulating such cytokines in treating malig-
nant solid tumors,” Cancer Cell International, vol. 11, no. 1,
p. 33,2011.

E. Tartour, A. Gey, W. H. Fridman, X. Sastre-Garau,
I. Lombard Surin, and V. Mosseri, “Prognostic value of intra-
tumoral interferon gamma messenger RNA expression in
invasive cervical carcinomas,” Journal of the National Cancer
Institute, vol. 90, no. 4, pp. 287-294, 1998.

A. Lasfar, W. Abushahba, M. Balan, and K. A. Cohen-Solal,
“Interferon lambda: a new sword in cancer immunotherapy,”
Clinical and Developmental Immunology, vol. 2011, article
349575, 11 pages, 2011.

A. C. de Freitas, T. H. A. de Oliveira, M. R. Barros, and
A. Venuti, “hrHPV E5 oncoprotein: immune evasion and
related immunotherapies,” Journal of Experimental & Clini-
cal Cancer Research, vol. 36, no. 1, p. 71, 2017.

Y. T. Bryceson, M. E. March, H.-G. Ljunggren, and E. O.
Long, “Activation, coactivation, and costimulation of resting
human natural killer cells,” Immunological Reviews, vol. 214,
no. 1, pp. 73-91, 2006.

S.-H. Song, J.-K. Lee, N.-W. Lee, H.-S. Saw, J.-S. Kang, and
K.-W. Lee, “Interferon-y (IFN-y): a possible prognostic
marker for clearance of high-risk human papillomavirus
(HPV),” Gynecologic Oncology, vol. 108, no. 3, pp. 543-548,
2008.

V. M. Renoux, B. Bisig, I. Langers et al., “Human papillo-
mavirus entry into NK cells requires CD16 expression and
triggers cytotoxic activity and cytokine secretion,” Euro-
pean Journal of Immunology, vol. 41, no. 11, pp. 3240-
3252, 2011.

[66]

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

(79]

(80]

15

M. E. Scott, Y. Ma, L. Kuzmich, and A.-B. Moscicki, “Dimin-
ished IFN-y and IL-10 and elevated Foxp3 mRNA expression
in the cervix are associated with CIN 2 or 3,” International
Journal of Cancer, vol. 124, no. 6, pp. 1379-1383, 2009.

S. Stevanovi¢, L. M. Draper, M. M. Langhan et al., “Complete
regression of metastatic cervical cancer after treatment with
human papillomavirus—targeted tumor-infiltrating T  cells,”
Journal of Clinical Oncology, vol. 33, no. 14, pp. 1543-1550,
2015.

I. Langers, V. M. Renoux, M. Thiry, P. Delvenne, and
N. Jacobs, “Natural killer cells: role in local tumor growth
and metastasis,” Biologics: Targets and Therapy, vol. 6,
pp. 73-82, 2012.

A. Valle-Mendiola, A. Gutiérrez-Hoya, M. d. C. Lagunas-
Cruz, B. Weiss-Steider, and I. Soto-Cruz, “Pleiotropic
effects of IL-2 on cancer: its role in cervical cancer,” Medi-
ators of Inflammation, vol. 2016, Article ID 2849523, 11
pages, 2016.

T. Tsukui, A. Hildesheim, M. H. Schiffman et al., “Interleukin
2 production in vitro by peripheral lymphocytes in response
to human papillomavirus-derived peptides: correlation with
cervical pathology,” Cancer Research, vol. 56, no. 17,
pp. 3967-3974, 1996.

J. Hernandez-Montes, L. Rocha-Zavaleta, A. Monroy-Garcia
et al., “Peripheral blood lymphocytes from low-grade squa-
mous intraepithelial lesions patients recognize vaccine anti-
gens in the presence of activated dendritic cells, and
produced high levels of CD8 + IFNy + T cells and low levels
of IL-2 when induced to proliferate,” Infectious Agents and
Cancer, vol. 7, no. 1, p. 12, 2012.

S. G. Urba, A. A. Forastiere, G. T. Wolf, and P. C. Amrein,
“Intensive recombinant interleukin-2 and alpha-interferon
therapy in patients with advanced head and neck squamous
carcinoma,” Cancer, vol. 71, no. 7, pp. 2326-2331, 1993.

S. Smola, “Immunopathogenesis of HPV-associated cancers
and prospects for immunotherapy,” Viruses, vol. 9, no. 9,
p. 254, 2017.

Z. Chen, J. Ding, N. Pang et al., “The Th17/Treg balance and
the expression of related cytokines in Uygur cervical cancer
patients,” Diagnostic Pathology, vol. 8, no. 1, 2013.

Y. Zhang, D. Ma, Y. Zhang et al,, “The imbalance of Th17/
Treg in patients with uterine cervical cancer,” Clinica Chi-
mica Acta, vol. 412, no. 11-12, pp. 894-900, 2011.

W. Zhang, X. Tian, F. Mumtahana et al., “The existence of
Th22, pure Th17 and Thl cells in CIN and cervical cancer
along with their frequency variation in different stages of cer-
vical cancer,” BMC Cancer, vol. 15, no. 1, p. 717, 2015.

B. Walch-Ruckheim, R. Mavrova, M. Henning et al., “Stromal
fibroblasts induce CCL20 through IL6/C/EBPJ to support
the recruitment of Th17 cells during cervical cancer progres-
sion,” Cancer Research, vol. 75, no. 24, pp. 5248-5259, 2015.

Q. Yu, X. Lou, and Y. He, “Preferential recruitment of Th17
cells to cervical cancer via CCR6-CCL20 pathway,” PLoS
One, vol. 10, no. 3, article e0120855, 2015.

S. Punt, G. J. Fleuren, E. Kritikou et al., “Angels and demons:
Th17 cells represent a beneficial response, while neutrophil
IL-17 is associated with poor prognosis in squamous cervical
cancer,” Oncolmmunology, vol. 4, no. 1, article €984539, 2015.
A. E. Albers, L. Strauss, T. Liao, T. K. Hoffmann, and A. M.
Kaufmann, “T cell-tumor interaction directs the development
of immunotherapies in head and neck cancer,” Clinical and



16

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

Developmental Immunology, vol. 2010, article 236378, 14
pages, 2010.

R. Kesselring, A. Thiel, R. Pries, T. Trenkle, and
B. Wollenberg, “Human Th17 cells can be induced through
head and neck cancer and have a functional impact on
HNSCC development,” British Journal of Cancer, vol. 103,
no. 8, pp. 1245-1254, 2010.

M. R. I. Young, C. A. Levingston, and S. D. Johnson, “Treat-
ment to sustain a Th17-type phenotype to prevent skewing
toward Treg and to limit premalignant lesion progression to
cancer,” International Journal of Cancer, vol. 138, no. 10,
pp. 2487-2498, 2016.

L. Feldmeyer, S. Werner, L. E. French, and H.-D. Beer, “Inter-
leukin-1, inflammasomes and the skin,” European Journal of
Cell Biology, vol. 89, no. 9, pp. 638-644, 2010.

A. M. Lewis, S. Varghese, H. Xu, and H. R. Alexander, “Inter-
leukin-1 and cancer progression: the emerging role of
interleukin-1 receptor antagonist as a novel therapeutic agent
in cancer treatment,” Journal of Translational Medicine,
vol. 4, no. 1, p. 48, 2006.

S. Kang, J. W. Kim, N. H. Park et al,, “Interleukin-1 beta-511
polymorphism and risk of cervical cancer,” Journal of Korean
Medical Science, vol. 22, no. 1, pp. 110-113, 2007.

T. Wu, Y. Hong, L. Jia et al., “Modulation of IL-1f repro-
grammes the tumor microenvironment to interrupt oral car-
cinogenesis,” Scientific Reports, vol. 6, no. 1, article 20208,
2016.

C. D. Woodworth, E. McMullin, M. Iglesias, and G. D.
Plowman, “Interleukin 1 alpha and tumor necrosis factor
alpha stimulate autocrine amphiregulin expression and
proliferation of human papillomavirus-immortalized and
carcinoma-derived cervical epithelial cells,” Proceedings of
the National Academy of Sciences of the United States of
America, vol. 92, no. 7, pp. 2840-2844, 1995.

X. Le6n, C. Bothe, J. Garcia et al., “Expression of IL-1a corre-
lates with distant metastasis in patients with head and neck
squamous cell carcinoma,” Oncotarget, vol. 6, no. 35,
pp. 37398-37409, 2015.

S. Wu, H. Shang, L. Cui et al, “Targeted blockade of
interleukin-8 abrogates its promotion of cervical cancer
growth and metastasis,” Molecular and Cellular Biochemistry,
vol. 375, no. 1-2, pp. 69-79, 2013.

M. Y. Tjiong, N. van der Vange, F. J. W. ten Kate et al,
“Increased IL-6 and IL-8 levels in cervicovaginal secretions
of patients with cervical cancer,” Gynecologic Oncology,
vol. 73, no. 2, pp. 285-291, 1999.

S. Akhavan, A. Safari, S. Azizmohammadi et al., “Evaluation
of mRNA expression levels of IL-17A and IL-10 cytokines
in cervical cancer,” Tumor Biology, vol. 37, no. 8§,
pp. 10149-10153, 2016.

G. Murugaiyan and B. Saha, “Protumor vs antitumor func-

tions of IL-17,” The Journal of Immunology, vol. 183, no. 7,
pp. 4169-4175, 2009.

E. Tartour, F. Fossiez, I. Joyeux et al., “Interleukin 17, a T-
cell-derived cytokine, promotes tumorigenicity of human
cervical tumors in nude mice,” Cancer Research, vol. 59,
no. 15, pp. 3698-3704, 1999.

W. T. Watford, B. D. Hissong, J. H. Bream, Y. Kanno,
L. Muul, and J. J. O'Shea, “Signaling by IL-12 and IL-23 and
the immunoregulatory roles of STAT4,” Immunological
Reviews, vol. 202, no. 1, pp. 139-156, 2004.

[95]

[96]

[97]

(98]

[99]

(100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

Journal of Immunology Research

T. Kaiga, M. Sato, H. Kaneda, Y. Iwakura, T. Takayama, and
H. Tahara, “Systemic administration of IL-23 induces potent
antitumor immunity primarily mediated through Thl-type
response in association with the endogenously expressed
IL-12,> The Journal of Immunology, vol. 178, no. 12,
pp. 7571-7580, 2007.

K. Torres-Poveda, A. I. Burguete-Garcia, M. Bahena-Romén
et al,, “Risk allelic load in Th2 and Th3 cytokines genes as
biomarker of susceptibility to HPV-16 positive cervical can-
cer: a case control study,” BMC Cancer, vol. 16, no. 1, p. 330,
2016.

M. A. Marks, R. P. Viscidi, K. Chang et al., “Differences in the
concentration and correlation of cervical immune markers
among HPV positive and negative perimenopausal women,”
Cytokine, vol. 56, no. 3, pp. 798-803, 2011.

B. C. Sheu, S. H. Chiou, H. H. Lin et al., “Up-regulation of
inhibitory natural killer receptors CD94/NKG2A with
suppressed intracellular perforin expression of tumor-
infiltrating CD8" T lymphocytes in human cervical carci-
noma,” Cancer Research, vol. 65, no. 7, pp. 2921-2929, 2005.
E. Marcenaro, M. D. Chiesa, F. Bellora et al., “IL-12 or IL-4
prime human NK cells to mediate functionally divergent
interactions with dendritic cells or tumors,” The Journal of
Immunology, vol. 174, no. 7, pp. 3992-3998, 2005.

S.L. Swain, A. D. Weinberg, M. English, and G. Huston, “IL-4
directs the development of Th2-like helper effectors,” The
Journal of Immunology, vol. 145, no. 11, pp. 3796-3806, 1990.

M. Iglesias, G. D. Plowman, and C. D. Woodworth, “Interleu-
kin-6 and interleukin-6 soluble receptor regulate prolifera-
tion of normal, human papillomavirus-immortalized, and
carcinoma-derived cervical cells in vitro,” The American
Journal of Pathology, vol. 146, no. 4, pp. 944-952, 1995.

R. L. Ferris, “Immunology and immunotherapy of head and
neck cancer,” Journal of Clinical Oncology, vol. 33, no. 29,
pp. 3293-3304, 2015.

L.-H. Wei, M.-L. Kuo, C.-A. Chen et al., “Interleukin-6 in
cervical cancer: the relationship with vascular endothelial
growth factor,” Gynecologic Oncology, vol. 82, no. 1, pp. 49—
56, 2001.

A. Sica and V. Bronte, “Altered macrophage differentiation
and immune dysfunction in tumor development,” The Jour-
nal of Clinical Investigation, vol. 117, no. 5, pp. 1155-1166,
2007.

J. Malejczyk, M. Malejczyk, A. Urbanski et al., “Constitutive
release of IL6 by human papillomavirus type 16 (HPV16)-
harboring keratinocytes: a mechanism augmenting the NK-
cell-mediated lysis of HPV-bearing neoplastic cells,” Cellular
Immunology, vol. 136, no. 1, pp. 155-164, 1991.

C.-Y. Hsieh, C.-A. Chen, C.-Y. Huang et al., “IL-6-encoding
tumor antigen generates potent cancer immunotherapy
through antigen processing and anti-apoptotic pathways,”
Molecular Therapy, vol. 15, no. 10, pp. 1890-1897, 2007.

N. Makita, Y. Hizukuri, K. Yamashiro, M. Murakawa, and
Y. Hayashi, “IL-10 enhances the phenotype of M2 macro-
phages induced by IL-4 and confers the ability to increase
eosinophil migration,” International Immunology, vol. 27,
no. 3, pp. 131-141, 2015.

A. A Bashaw, G. R. Leggatt, J. Chandra, Z. K. Tuong, and I. H.
Frazer, “Modulation of antigen presenting cell functions dur-

ing chronic HPV infection,” Papillomavirus Research, vol. 4,
pp. 58-65, 2017.



Journal of Immunology Research

[109]

[110]

[111]

[112]

[113]

[114]

M. Garcia-Chagollan, L. F. Jave-Suarez, J. Haramati et al.,
“An approach to the immunophenotypic features of
circulating CD4'NKG2D" T cells in invasive cervical
carcinoma,” Journal of Biomedical Science, vol. 22, no. 1,
p. 91, 2015.

M. Garcia-Chagollan, L. F. Jave-Suarez, J. Haramati et al.,
“Substantial increase in the frequency of circulating CD4™
NKG2D" T cells in patients with cervical intraepithelial neo-
plasia grade 1,” Journal of Biomedical Science, vol. 20, no. 1,
p. 60, 2013.

S. Wang, W. An, Y. Yao et al,, “Interleukin 37 expression
inhibits STAT3 to suppress the proliferation and invasion
of human cervical cancer cells,” Journal of Cancer, vol. 6,
no. 10, pp. 962-969, 2015.

D. M. Da Silva, A. W. Woodham, P. H. Naylor, J. E. Egan,
N. L. Berinstein, and W. M. Kast, “Immunostimulatory activ-
ity of the cytokine-based biologic, IRX-2, on human
papillomavirus-exposed Langerhans cells,” Journal of Inter-
feron & Cytokine Research, vol. 36, no. 5, pp. 291-301, 2016.
A. M. Heeren, S. Punt, M. C. Bleeker et al., “Prognostic effect
of different PD-L1 expression patterns in squamous cell car-
cinoma and adenocarcinoma of the cervix,” Modern Pathol-
ogy, vol. 29, no. 7, pp. 753-763, 2016.

M. Das, C. Zhu, and V. K. Kuchroo, “Tim-3 and its role in
regulating anti-tumor immunity,” Immunological Reviews,
vol. 276, no. 1, pp. 97-111, 2017.

17



	Viral Modulation of TLRs and Cytokines and the Related Immunotherapies for HPV-Associated Cancers
	1. Introduction
	2. Toll-Like Receptors
	3. Cytokines
	3.1. Immunostimulatory Cytokines
	3.2. Th17 Cells and Proinflammatory Cytokines
	3.3. Immunosuppressive Cytokines

	4. Future Prospects
	Abbreviations
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

