Immune Cellular Response to HPV: Current Concepts
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Although cellular immunity is essential for the elimination of human papillomavirus (HPV),
the mechanisms involved are still poorly understood. We summarize the main mechanisms involved
in cellular immune response to infections caused by HPV. Immunotherapies for HPV-related
cancers require the disruption of T-cell response control mechanisms, associated with the
stimulation of the Th1 cytokine response.
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Viruses are obligatory intracellular microorganismsin tumors, and in most cancerous lesions of the uterine
that infect cells through various molecules present onanal, and less frequently in lesions of the vulva, anus,
their surface, and through other receptors. Virabnd penis, high-risk HPV DNA are found, while in lesions
replication interferes with the protein synthesis ofof lesser gravity, low-risk HPV DNA are more frequent,
normal cells, leading to lesion and death of the infectesometimes associated with high-risk DNA [2,3].
cells (cytopathic effect); the infection is considered lythic  HPV is a double strand DNA virus that contains
because the infected cell undergoes lysis. Normaround 8,000 base pairs. Two key regions have been
cytopathic viruses can cause latent infections, duringescribed: the early region, with 7-8 genes (E1-E8)
which the viruses live intracellularly and produceand the late region, with 2 genes (L1-L2). The first
proteins that may or may not alter cellular functionscontains the viral DNA replication function (E1, E8),
The purpose of innate and adaptive immune responsgmnscription control (E2, E8), and cellular
to viruses is to block the infection and to eliminate theransformation (E5, E6, and E7). The L1 and L2 genes
infected cells [1]. code for the capsid’s primary and secondary proteins

respectively. Viral DNA replication takes place in the
Immunology of infection caused by human basal cells of the epidermis, where it remains in multiple
papillomavirus (HPV) and cervical cancer copies in a stable manner, guaranteeing persistence in
the epithelium’s proliferative cells [4].

Over 80 types of human papillomavirus (HPV) HPV infection has a transitory pattern, whereby
capable of infecting human beings are currently knowrmost individuals (70% to 90%) eliminate the virus 12
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Although the immune response to HPV cervicalfunction, and 2) transcriptional blockage of the HPV
infections is not fully understood, itis known that localDNA (cellular interference facterCIF). In the first
and systemic immune vigilance can explain the latencgase, the consistent interruption of the function of the
of HPV genital infection. HPV 16 infection manifests CDKN2A gene in immortalized E6 cells indicates that
itself in the vast majority of cases of grade | and [IINK4A interferes functionally with the transforming
cervical intra-epithelial neoplasias (CIN); even whenactivity of E6. The second case involves a modification
this virus is associated with other potentially oncogeniof the AP1 transcription factor, essential for the
viral types, it regresses spontaneously in most casegpression of the HPV gene and the induction of the
[2]. On the other hand, the virus is found unassociateendogenous synthesis of antiviral interfefor-his
with histopathological alterations; latent HPV infectionssequence does not function in cancer cells, indicating
occur asymptomatically in about 30% to 40% ofthat the TNFa-mediated cascade is interrupted when
sexually active adult women and in newborns [8], whictthere is malignant transformation [10].
demonstrates the activity of functional defense
mechanisms.
Bowenoid papulosis is a typical example of thePenetration of the virus in the genital tract
importance of the immune reaction for genital HPV
infections; despite the association with HPV 16 and Recently, two molecules of the integrin fanui@p1
histological alterations, spontaneous regressioanda634, expressed onthe surface of basal cells, have
frequently occurs in young patients. Biological responseeen identified as HPV receptors [11]. Due to abrasion
modifiers and some cytokines have been isolated fromar microlesions in the mucocutaneous surface, HPV
cellular lineages from vulvar bowenoid papulosis. Thaffects basal layers, where proliferative cells are more
regulation of cytokine liberation (especially TNlf-  susceptible; the squamocolumnar junction is the most
and the response to its action among carcinogenic asdmmon region for HPV-related lesions. The virus then
non-carcinogenic (HPV 16+) cellular lineages, areeplicates itself, expressing its early proteins in the
indications of the role of local immunological vigilance proliferative layer and later in more differentiated cells,
in controlling tumoral progression [9]. In other words, where capsid protein synthesis takes place and viral
the interaction of cytokines/chemokines liberated duringparticles are structured [12].
humoral/cellular immune reaction is responsible for the  The epithelium is an interface between the virus and
regression, persistence, or progress of lesionthe outside environment on one hand, and the immune
associated with HPV. system on the other. The effect of the immune barrier is
A polarization of the immune response for T-helperreinforced by other elements of natural local immunity,
(Th)Th2 was observed in women with HPV infectionsi.e., Doderlein bacilli, vaginal acidity, secretion of
that evolve into high-grade lesions [6]. These disequilibriglefensins (peptides with bacterial and viricidal activity)
may havevarious origins: inherited (HLA induced); by epithelial cells, and drainage through the
acquired (due to acquired immunodeficiency - HIV);cervicovaginal mucus. This set of factors in the presence
or unleashed according to the oncogenicity of the HP\f a viral infection activates a specific and adaptive
type encountered. Whether SILs and in situ carcinomasimune response [4,13].
get out ofimmunological control seems to depend on
alterations in the cellular antigen presentation system, iMlucosa-associated lymphoid tissue (MALT)
the HLA receptors, and in the cellular recognition of
oligopeptides [10]. As with all MALT compartments, the genital
There are other forms of control in proliferative cellsmucosa has both inductor sites and effector sites
infected by HPV that protect them from malignantinvolved in the immune response. The female genital
transformation: 1) inhibition of the viral oncoprotein tract has few lymphoid follicles, which are active units
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of the inductor site of the MALT immune response [14]increase in the number of Langerhans cells occurs
The access to microbial antigens at this level seenizecause of the tumor necrosis factor (T&F-
also to be limited, since this epithelium has no Mproduced by the keratinocytes [20]. A diminution of
(Microfold) cells, which specialize in the the synthesis of TNIE-occurs in HPV infections,
transportation of antigens and are an essential paassociated with a decrease in the expression of the B7.1
of the main means of access of viral pathogens toostimulatory molecule [12], resulting in a decrease in
the lymphoid follicles [4]. the presentation capacity of Langerhans cells.
Therefore, the afferent inductor paths in the female Various subpopulations of Langerhans cells are
genital tract mainly involve Langerhans cells,known, and there are controversies about how they
macrophages, and lymphoid formations in the chorioare affected by HPV and CIN. It has been suggested
[13]. MALT consists of various populations of thatinfection by HPVs 16 and 18 reduces the number
lymphoid cells, including multiple Langerhans cells. of Langerhans cells [20]. On the other hand, the average
These cells, as well as the keratinocytes of the cervicdensity of S100Langerhans cells is significantly greater
epithelium, express the major histocompatibilityin patients with uterine cervical carcinoma than in those
complex (MHC) class Il molecules, and they with cervicitis [16]. However, some studies have shown
participate actively in the presentation of antigens [15]a decrease and others an increase in the number of
Cervical HPV infection apparently causes a localLangerhans cells, with alterations of their morphology
immune dysfunction, with a diminution of antigen- in patients in various stages of CIN. This phenomenon
presenting intraepithelial cells [16] and T-lymphocytesmay be due to different types of HPV infections, creating
[17]. Therefore, HPV infection can interfere with local different cytopathic effects. While certain types of HPV
immune vigilance mechanisms, both in the inductiorinfections lead to cellular proliferation, the progression
phase (antigen presentation) and in the effector phase CIN and invasive cancer is mediated by other
(generation of cytotoxic T-cells and antibody-producingnitiating factors, such as tobacco smoking and herpes
B cells). The mechanism of this interference is unknownyirus infection. In the case of persistent HPV infections,
however, recent data suggest that the immunomodulatingth koilocytosis associated with CIN, the continuous
action of cytokines is a determining factor [18]. depletion of Langerhans cells results in intermediary
densities. If the infection becomes non-permissive, the
virus's cytopathic effect is lost; no more koilocytes are

Antigen-presenting cells (APC) observed and the increase in the number of Langerhans
cells is related to the presence of CIN [16,21].
Langerhans cells The expression of HLA-DR molecules by

Langerhans cells increases in koilocytic lesions and in
The multiple layers of the cervical mucosa epitheliunCIN | and 11, and the expression of HLA-DQ is also

contain Langerhans cells, which have HLA class | andjgnificantly higher in all grades of CIN, thoughiitis
Il molecules and participate actively in antigenmore evidentin CIN | [21].

presentation [15].

Langerhans cells are primarily located in the cervicak eratinocytes
squamous epithelium layer and they react positively to
HLA-DR antigens [19]. Their concentrationinthe  Keratinocytes have the potential to present viral
cervical epithelium s higher than in the vagina, indicatingpeptides, since HPV multiplies within these cells without
alocalized inductor of genital immunity [4]. Langerhansinducing their lysis. However, keratinocytes do not
cells capture the antigen in the epithelium and send it #&xpress HLA class Il molecules constitutively, but only
the lymphoid nodules, where Gymphocytes are  jn an inductive form, especially under the influence of
activated; these then multiply and differentiate. ThQFN_y On the other hand, they also do not express
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B7.1(CD,) and B7.2 (CR) costimulant molecules, appear not to recognize them. This may occur as a
which are essential for the induction of a specifiaesult of a deficiency in the presentation of viral epitopes
response of the destructive type; therefore, these cetlisiring the long latency period between the beginning
are more susceptible to a state of specific or anergaf infection and the appearance of cancer, independent
tolerance [11]. In sum, keratinocytes are both the maiof the type of APC. Therefore, the activity of MHC
source of epithelial cytokines and the main target omolecules seems to be a determining factor in the

HPVs [18]. induction of an adaptive immune response [13].
However, in pre-cancerous and cancerous
Macrophages lesions, a defect in the presentation of the antigen,

due to a decrease in the expression of MHC class
Populations of monocytes/macrophages have beémolecules and TAP proteins, would be responsible
found in the mucosa of the uterine tract and in the vagirfar the inefficiency of cellular immunity [23]. This
[14]. In high-grade lesions, an increase in the numbeateficiency is directly related to a modification in
of macrophages has been observed in parallel withthe expression of the MHC genes. Since the
decrease in Langerhans cells, the contrary of whategration of the high-risk HPV DNA in the cellular
occurs in non-infected tissues. The presence ajenome sometimes occurs neart¢hmycgene,
macrophages can be an indicator of the lesiothe over-expression of this gene could diminish the
regression. Macrophage participation in a protectivexpression of the HLA-A and B genes [24]. The
immune response is evident through their indirect rolexpression of the proteasome genes and the TAP
in the negative control of the transcription of the geneproteins located in the MHC genes can also be
that code E6 and E7 oncoproteins, and through theieduced. A reduction in the expression of TAP
antitumoral functions in HPV-transformed cells [22]. proteins could in turn prevent the formation of, or
destabilize, the viral peptide/MHC class | complex,
jeopardizing the presentation of the viral peptides,
Role of MHC molecules in the response to HPV and alterations of the viral protein degradation
proteasomes can modify the immunogenicity of the
Atthe beginning of an efficientimmune response, viraliral peptides.
proteins are presented by APCs and the cells infected
by the virus are destroyed. Viral antigens are fragmentddnate immunity against viruses
by the proteasomes into short peptidic sequences,
exported to the endoplasmic reticule by the TAP1 anthterferons (IENS)
TAP2 transportation molecules, and are finally associated Interferons are molecules (IF&-IFN-B) that
with the MHC class | molecules. After passing throughare synthesized by infected cells, which combat the
the Golgi apparatus and undergoing glycosylation, theeplication of the viruses in the host cells. They act
resultant complex is rapidly expressed in the cellulaby stimulating the synthesis of a protein-kinase that
membrane and the peptide is presented to thd€D blocks the initiation of translation of viral proteins
lymphocytes. The interaction between the antigerédnd of a 2'-5° A synthetase that, by activating
molecule of the MHC class | and the TCR (T-endoribonucleases, allows the degradation of the viral
lymphocyte receptor) activates the CTLs. The synthessnd cellular mRNA. They also activate the synthesis
and the release of perforin and granzyme by thand expression of the MHC class | molecules,
activated lymphocytes provokes lysis of the infectedacilitating the presentation of viral epitopes and
cells [13,23]. increasing the cytotoxic capacity of the T-
However, even when the E6 and E7 proteins areymphocytes and the NK cells. Another IFN
strongly expressed by the keratinocytes, the CTLsolecule (IFNy), produced by the activated T and
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NK cells, induces the expression of MHC class Il In patients presenting stage | or Il invasive cervical
molecules on the surface of the keratinocytes andarcinoma, NK cell activity is reduced. In many cases
the monocytes/macrophages, allowing them to acif uterine cervical cancer, NK cells are detected, but
as APC and, subsequently they activate the antivirdéhey are dispersed and their frequency is not related to
immune response. It has been found that {FN-the cancer’s degree and prognosis [27]. However,
blocks the expression of the HPV 18 mRNA of thepatients with tumors that are not very differentiated or

cells derived from cervical cancer [25]. disseminated have a lower activity of NK cells than
those with well-differentiated or localized tumors [27].
Tumoral necrosis factors (TNF) The reduction in the activity of NK cells in cancer

These cytokines, coded by the genes situated patients is not, however, an irreversible phenomenon,
the heart of MHC, are essentially synthesized bygince this activity can be restored through
monocytes/macrophages (TNF-and by T- immunotherapy. Cellular activation can be increased
lymphocytes (TNR3), but specifically by T helpers through lymphokine-activated NK cells, as well as by
with a Th1 profile. They have a strong antiviral andincreasing IFNa levels [27].
antitumoral action. TN+ diminishes the expression
of the EG/E7 genes in the cells infected by HPV 16 oAdaptive immune response to virus infections
18 that have not yet been transformed; however, during
tumoral progression, HPV-infected cells becomeT-lymphocytes

insensitive to TNFe [9]. Most T-lymphocytes in the cervical epithelium
belong to the CDsuppressor/cytotoxic subgroup and,
TGF{ in smaller numbers, to the Gbelper/inductor

This growth factor is produced by the epithelial cellssubgroup, both of which are found exclusively in the
and has an important role in immunosuppressiorhasal layers of the squamous epithelium and can also
inhibiting the activity of NK cells, the expression of occur in large numbers in the ectocervical
MHC class Il molecules, and the production oftransformation zone [13]. The endocervix contains T-
cytotoxic lymphocytes. It inhibits the proliferation of cells, B cells, and intraepithelial macrophages, with some
most cells, including those infected by HPV [26]; itCD, and CQ) cells (< 2%) expressing the GD
may or may not inhibit the expression of the E6 and Eolecule (IL-2 receptor), which is a well-known sign
protein MRNA, since throughout tumoral progressiorof cellular activation [15].

the cells become resistant to TGIFL8]. The activation of a cytotoxic or helper cell is a
complex process in which an APC must provide at
Natural killer cells (NK) least two signals. Signal 1 is provided by a foreign

A small number of NK cells have been observed irpeptide linked to the MHC class Il molecule on the
condyloma acuminatum, and in mild to moderatesurface of the presenting cell, which activates the T-
dysplasias, whereas in severe dysplasias an increassl receptor complex (TCR). Signal 2 is provided by
occurs [27]. As these lesions progress toward cancex,chemical signal, by interleukin-1, or by the B7
they become resistant to NK cells. However, they arenolecule, the latter being linked to the APC'’s plasmatic
sensitive to lymphocyte lysis activated by lymphokinesmembrane. This molecule is recognized by a proteic
This lysis can be strengthened when the cervical celto-receptor called C|) present on the surface of the
are treated with leukoregulin. In contrast, treatment witfT -helper cell and a member of the 1gG superfamily
IFN-ycan result in reduced sensitivity to lymphokine-[12,28].
activated lysis, which illustrates the influence that In healthy women, the stimulation of peripheral
cytokines can exert onimmunological control of cervicalymphocytes with antigenic fragments of E6, E7, and
cancer [7]. L1 of the HPV induces the proliferation of specific cells,
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especially memory cells [29]. Specific CTL by cytokines produced by non-T-cells, known as type
lymphocytes for antigenic regions of E6 and E7 of HPV1 and 2 cytokines. For example, IL-2 is produced by
16 and 18 have been detected in peripheral blood &fPCs (monocytes and dendritic cells) and B cells, and
patients with high-grade lesions [30] and those withs necessary for the efficient differentiation of Th1 cells
infiltrating HPV+ cervical tumors [31]. Some authors [36]. Another classification of cytokines is based on
observed that a Cllymphoproliferative response to the type of effect produced: cytokines (IL-1, TNF-
the C-terminal portion of E2 [3] was associated with ax), for example, exert pleomorphic effeictsivoand
higher probability of eliminating the HPV infection. A are known as primary cytokines. They have the ability
cellular infiltration, composed essentially of Cihd  to induce the synthesis of other mediators, the so-called
macrophages, is frequently found in condylomas undesecondary cytokines or chemokines, which are in turn
spontaneous regression [32], while in patients witliesponsible for activating the lymphoid cells and for
acquired or iatrogenic cellular immunodeficiency achemotaxis [37].
greater prevalence of HPV-related lesions is observed, The stratified epithelium cells and keratinocytes are
as well as a greater progression towards preinvasitbBe main sources of cytokines [37]. Cytokines act
lesions [33]. through specific receptors, which can be expressed in
Cellularimmunity plays a determining role in the earlyvarious forms in the cells infected by HPV or they can
phase of infection and it is the only efficient responsée released into the intracellular space, and from there
against non-lythic HPVs; itis also involved inithenune  to microcirculation. These soluble forms of cytokine
response to neoplasia. Usually, close to 60% of Treceptors can significantly affect the immunoregulatory
lymphocytes in peripheral blood are £Bnd 20%to  activity of cytokines, not only intermediating immune
30% are C[Y (2/1); however, in patients with CIN/ and inflammatory reactions, but also regulating
cancer the proportion of CITD, is lower (1.4). proliferation, cellular differentiation, and apoptosis [1].
Locally, in the lymphocytic infilirate, the opposite occurs,  Polarization to the Th2 pattern explains a deficient
since in precancerous lesions the number oigfieater  cellularimmune response against HPV and neoplasias,
than the number of CDwhich shows that the and seems to facilitate tumoral progression [20], since
predominance of C[zells favors regression, while €D - the deviation toward Th2 stimulates humoral response
lymphocytes can mean the persistence and progressiand inhibits cellular response. In patients with pre-

of the viral infection [34]. neoplasic lesions [38], unbalanced mytogenic
responses were detected, as well as reduced
Cytokines expression of the TCR+eceptor [39], and altered

Cytokines are products of various lymphoid andproduction of cytokines after cellular activation [40].
non-lymphoid cells and constitute an important networkt has been found that the Th1l pattern (IL-2, I&N-
of soluble mediators that facilitate cell-to-cell and TNFe) is associated with the regression of warts
interactions in the MALT system and in skin-associated41], while low levels of IFNa are related to cervical
lymphoid tissue (SALT) [35]. Based on the pattern ofcarcinoma with a worse prognosis [42]. In addition,
cytokine production, Th cells are classified into twothe production of IL-2 in preinvasive lesions decreases
different groups: Thl and Th2. Th1 cells produce Il-2 as the gravity of the illness increases [43].
IFN-y, and lymphotoxin; they promote cellular
immunity, and are needed for effective responses ilmmune evasion mechanisms in viruses
cases of intracellular pathogens (such as viruses) and
for tumor cells. Th2 cells produce IL-4, IL-5, IL-6,  Viruses, as well as tumor cells, are also capable
and IL-10, and they favor humoral immunity againstof developing mechanisms of escape from the
extracellular pathogens and allergic responses [9]. Thenmune response. Barnard & McMillan [44]
regulation of the immune response is also controlledhowed that the E7 protein of HPV 16 inhibits the
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induction of IFNa,activated genes, but not the used, or various types of HPV virus-like particles
induction of IFN«a inducible genes, therefore (VLPs)of L1 and L2; however, if the focusis on a
interfering with the effective elimination of HPV. therapeutic effect, some early proteins, in particular
Shneider et al. [45] also observed a weak responsefi® and E7, have been proposed as vaccinal antigens
treatment with IFNa in HPV 16 and 18 lesions in because they are directly involved in uncontrolled
comparison with the response to HPV6 and 11-induceprroliferation and cellular transformation [50].
lesions. Recently, clinical tests have shown promising results
Although some HPV patients present a significantvhen an L1 VLP prophylactic vaccine is used to
Th1 response targeting E7 and E2 and effectivelyeduce the onset of new cases of HPV infection.
eliminating the virus, in other patients with CIN or Serum conversion was observed in 99.7% of the
carcinoma the T-cell responses to the HPV’'s E7 dvomen vaccinated, and adverse effects and toxicity
not resolve the lesion. This fact may be a reflection ofvere negligible [51]. However, it is important that
escape mechanisms at the effector level [46] or atwaccines focus on the 4 or 5 most prevalent types of
targetlevel [47]. high-risk HPV in order to address 80% to 90% of
CTL is the most common effector cell and iscervcal cancers [10]. Prophylactic vaccines must be
responsible for recognizing the MHC class | complexused in young women at the beginning of their sexual
and the viral peptides present. However, in CINs antife, especially in developing countries, because they are
in cervical carcinoma there is a significant decrease ioonsidered the highest-risk population. However, some
the expression of MHC class | molecules. At the sampractical questions still need to be resolved before large-
time, it appears that metastatic cells present a greatsrale therapeutic use of this type of vaccine [52].
number of MHC class | cells compared to the cells Immunotherapeutic vaccines can be based on
of the primary tumor, which suggests that there is peptides, proteins, chimerical VLPs, DNA, viral and
selection for tumoral cells that are resistant to thdacteriological vectors, dendritic cells, and modified
action of the CTLs. Recently, studies with cancerousumoral cells. In contrast with attenuated virus vaccines,
cells showed that these alterations in the regulation efhich stimulate immunity through aberrant replication,
the expression of MHC | molecules result from multipleDNA-based vaccines are incapable of propagating,
genetic mechanisms and occur in around 90% adnd their ability to produce immunity is limited. Some
tumors [48]. efforts have been made to solve this issue, such as
Keratinocytes infected by HPV can modify the designing an HPV16 vaccine linked to M. tuberculosis
immune response in several ways: through théeat shock protein 70. This composition was tested in
secretion of various cytokines (Ib1IL-6, IL-8,  animals and a 30-fold increase was observed ij) CD
TNF-a, TGF{3) [26] and soluble receptors for cells specific for oncoprotein E7. However, the use of
TNF-a [9], or through the production of Th2 oncoproteins in human beings is still controversial, due
cytokines (IL-4 and 10) in squamous carcinomasto their mutagenic potential [53].
configuring an evasion mechanism against the T-cell
mediated immune response [49]. References
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