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The Role of the Innate and Adaptive Immune Response in
HPV-Associated Oropharyngeal Squamous Cell Carcinoma

Rahul Sridhar Subbarayan, MD ©; Levi Arnold, MS; Juan Pineda Gomez; Sufi Mary Thomas, PhD

Human papilloma virus (HPV) has been implicated in the development of oropharyngeal squamous cell carcinoma
(OPSCC) and is directly attributed to its increasing incidence. The immune microenvironment surrounding HPV-associated
OPSCC tumors is complex and plays a critical role in the carcinogenic process. The neoplastic mechanism includes cells of the
innate immunity such as macrophages, and dendritic cells as well as cells of the adaptive immune process such as CD8+ T-cells.
The intricate interactions between these two arms of the immune system allow for a pro-inflammatory and pro-tumorigenic
environment. Intensive efforts are underway to gain a greater understanding of the mechanisms involved in the immune sys-
tem’s role in tumor development. This study seeks to summarize the current knowledge pertaining to role of the innate and
adaptive immune response in HPV-associated OPSCC.
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INTRODUCTION

The role of the human papillomavirus (HPV) in the
development of oropharyngeal squamous cell carcinoma
(OPSCC) is increasingly becoming clear. HPV-associated
OPSCC arise mainly in the tonsil and base of tongue and
have distinct clinical and pathological features as com-
pared to non-HPV-associated tumors. These tumors arise
in younger individuals without an extensive alcohol or
tobacco history and are often diagnosed in more
advanced stage.! Tumor HPV status is a strong and
independent biomarker for prognosis with multiple ran-
domized studies showing improved outcomes in HPV-
associated OPSCC compared to non-HPV-associated
OPSCC.?"® Moreover, pl6 positive tumors with disease
progression have improved overall survival as compared
to pl6-negative tumors. Interestingly, HPV-associated
OPSCC behave unusually with regard to distant metas-
tasis as it tends to occur at longer intervals after comple-
tion of radiation, and spreads to multiple organs or
unusual sites.®
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Salvage surgery in recurrent OPSCC classically had
dismal outcomes with recurrence-free survival around
25%."® However, recent studies report improved survival
in patients with recurrent HPV-associated OPSCC under-
going salvage therapy. Though HPV-positive OPSCC is
associated with improved survival and response to sal-
vage therapy, the increasing incidence of the disease
highlights the importance of developing novel therapies
including immunotherapy.

The immune system appears to play a critical role in
HPV-associated OPSCC tumor progression and response to
therapy. The immune system is divided into the innate and
adaptive response. The innate response plays a crucial role
in clearing virus infected cells. The adaptive response com-
prises the humoral response which is based on B cells and
their products as well as the cell-mediated response based
on T-cell activation. A vigorous T-cell-based response is
thought to play a major role in HPV-associated OPSCC
tumor progression and outcome.®'® Head and neck squa-
mous cell carcinoma cells have developed a myriad of strat-
egies to evade the immune responses including decreased
HLA class I expression by tumor cells, tumor-induced T-cell
apoptosis, galectin-1 expression by tumor cells, and tumor-
induced senescent T cells with suppressor function.!!?

Secreted factors from several stromal cells such as
fibroblasts, macrophages, dendritic cells (DCs), and natu-
ral killer cells are thought to contribute to carcinogenesis
(Fig. 1). The role of the immune response in development
of HPV-associated OPSCC is a heavily researched topic
and has been found to have significant consequences.
Both the innate and adaptive immune responses play a
role in tumor progression and suppression. The tumor
microenvironment has been shown to be infiltrated by a
variety of adaptive immunologic cells including CDS3,
CD4, and CD8 tumor infiltrating lymphocytes (TIL).!2
This study seeks to summarize the current knowledge
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Fig. 1. The interaction between stromal cells and innate immune
cells and their roles in the carcinogenic conversion of HPV-infected
cells into neoplastic cells (HPV OPSCC). HPV-infected cells drive
conversion of pro-inflammatory fibroblasts into cancer associated
fibroblasts (CAFs) via expression of IL-6, IL-18, and TGFp. CAFs
in-turn drive transformation of HPV-infected cells into neoplastic
cells and maintain tumor growth, invasion, and progression utilizing
various factors such as FGF-2, HGF, and VEGF. Pro-inflammatory
fibroblasts secrete chemokines, such as CXCL1, CXCL2, CXCLS5,
and CCL20, which act as chemoattractants for innate immune cells.
These innate cells secrete a milieu of factors that play a role in the
carcinogenic transformation of HPV infected cells into neoplastic
cells.

pertaining to role of the innate and adaptive immune
response in HPV-associated OPSCC.

ROLE OF INNATE IMMUNITY IN HPV + OPSCC

The cells of the innate immune response play a key
role in the immune microenvironment of HPV-associated
squamous cell carcinoma. While few studies directly
address HPV-associated OPSCC, the role of the innate
immune response in other HPV-associated tumors is well
described. Studies examining the stroma of tumors are
particularly interesting and are a growing field in cancer
research. The stroma is a foundational scaffolding com-
posed of various cell types, connective tissue, and vascula-
ture that appears to be critical in tumor initiation and
neoplastic progression, in multiple HPV-associated carci-
nomas including the anogenital tract, skin, cervix, and
oropharynx.1+1®

HPV carcinogenesis is highly dependent on stromal
cells to induce a pro-inflammatory environment to support
invasion, proliferation, and angiogenesis. In particular, can-
cer associated fibroblasts (CAFs) appear to play a major
role in driving immunosuppression, cell growth, and metas-
tasis in HPV-associated cancers including OPSCC and
cervical.'® CAF's facilitate HPV-positive cervical cancer cell-
mediated TGFp1 and matrix metalloproteinase 7 (MMP7)
secretion, contributing to tumor progression.!” The mecha-
nisms involved in CAF-facilitated HPV-positive HNSCC
progression are limited. Through mechanisms that are not
entirely clear, normal fibroblasts transition into a pro-
inflammatory state.l” This results in fibroblasts gaining a
pro-inflammatory gene expression signature which includes
expression of a variety of factors such as chemokines

Laryngoscope Investigative Otolaryngology 4: October 2019

(CXCL1, CXCL2, CXCL5), interleukins (IL-1B, IL-6), and
cxyclooxygenase-2 gene.'® The aforementioned chemokines
(C-X-C motif ligand chemokines or CXCLs) are ligands for
the CXCR2 receptor which act as chemoattractants for neu-
trophils and macrophages.'® 11-6 acts to induce expression
of chemokine C-C motif chemokine ligand 20 (CCL20) in
stromal fibroblasts which results in infiltration of pro-
inflammatory Th17 cells.’® The resultant effect is to create
a pro-inflammatory and pro-tumorigenic environment
which is critical in the early stages of carcinogenesis. HPV-
infected cells, in addition to keratinocytes attracted to the
tumor, secrete a milieu of chemokines and cytokines that
induce normal fibroblasts mutation into CAFs. Factors
implicated in this conversion include IL-1p, IL-6, IL-8,
TGF-g, CXCL12, and bFGF.'7"'® CAFs then act to drive
and maintain transformation of HPV-positive cells into
neoplastic cells resulting in tumor growth, invasion, and
progression. These effects are believed to be mediated
by several factors including fibroblast growth factor-2
(FGF-2),'®* HGF, VEGF, and increased matrix meta-
lloprotein expression.2®?! Thus, it is believed that
normal fibroblasts and CAF's play a complementary role in
HPV-related carcinogenesis.

Other important cell types include macrophages.
Although there are numerous types of macrophages, in
general, two main phenotypes, inflammatory/classic M1
and tumor-associated macrophages (TAM) M2, have been
described pertaining to HPV-associated cancers.l”-?%22
TAMs appear to have a role in tumor progression by boo-
sting Th2 response, inhibiting CD4+ and CD8+ T cell
responses and secreting VEGF and other proangiogenic
factors.1>1721:24 They have been shown to secrete pro-
tumorigenic and angiogenic factors such as EGF and
VEGF as well as anti-inflammatory cytokines such as
IL-10 and TGFp.'52! Secretion of IL-10, prostaglandins,
TGFB, and reactive oxygen species all act to prevent
T-cell proliferation and activation thereby inhibiting
T-cell antitumor function which prevents T-cell-facilitated
adaptive immune response.?’ Increasing number of TAM
cells in the stroma results in secretion of STAT3 in the
tumor microenvironment which also impairs the adaptive
response.?%2” These effects result in promotion of carcino-
genesis and metastasis. Although not specific to HPV-
associated OPSCC, TAMs are linked to poor prognosis,
progression of disease, locoregional metastasis, and
higher grade lesions.?®3° The M1 phenotype, however, is
associated with tumor regression and inducing HPV
clearance by favoring a TH1 response.>! TNFa and IFN-y
from immune cells within the tumor microenvironment
promote a change in macrophage polarity towards the M1
phenotype resulting in a pro-inflammatory environment
favoring tumor destruction.?® Multiple studies have
shown that HPV actively promotes a TAM phenotype to
favor tumor establishment.?>?432 Future studies examin-
ing macrophage role in HPV-associated OPSCC in order
to develop therapies targeting macrophage polarization
may be beneficial.

DCs are important antigen presenting cells that
function as messengers between the innate and adaptive
immune response. These cells have numerous receptors
on their surface allowing them to interact with all the
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cells of the immune system which is key for the antiviral
immune response. DCs are critical for CD8 T-cell priming
via interactions between CXCR3 on CD8+ T cell and
CXCL9, CXCL10, expressed by DC as well as CD27 and
CD28 on CD8+ T cells and CD70 and CD80-86 expressed
by DC.2¢ They also induce differentiation of CD4+ T cells
into their antigen specific effector cells.?®*3 In HPV carci-
nogenesis, multiple studies identified a correlation
between neoplastic progression and alteration of stimula-
tory and inhibitory markers. In particular, the PD-1/PD-
L1 inhibitory pathway appears to be upregulated in
HPV-associated OPSCC cell lines and in cervical intra-
epithelial neoplasia, resulting in a loss of function of cyto-
toxic T lymphocytes allowing cancer and HPV infected
cells to avoid immune rejection.?343% This pathway has
been correlated with reduced survival. Use of antibodies
that blocked PD-1/PD-L1 signaling resulted in enhanced
cytotoxic T lymphocyte function.®” As a result, several
clinical trials devoted to developing anti-PD-L1 anti-
bodies are ongoing.®** Other interesting therapeutic
interventions targeting DCs include the use of vaccines
with the hope of activating DCs to induce Thl and cyto-
toxic T lymphocyte responses.'?

ROLE OF ADAPTIVE IMMUNITY IN
HPV-POSITIVE OPSCC

HPV-associated OPSCC tumors induce a robust
adaptive immune response resulting in infiltration of myr-
iad of important factors. High numbers of specific cells
have been identified in the surrounding stromal environ-
ment as well as the tumor. The vigorous immune response
is thought to play a role in improved outcomes of HPV-
associated OPSCC by suppressing tumor progression.

HPV-associated OPSCC tumors have been found to
express adaptive immune response genes that drive a
strong T-cell based immune response.®1® Moreover, the
microenvironment of HPV-associated OPSCC is marked
by high expression of pro-inflammatory chemokines
(e.g., CXCL 9, 10, 100) and chemokine receptors (e.g.,
CXCR3).° These factors are important in recruitment
of TILs, especially CD8+ cytotoxic T cells. Cytotoxic
T cells are the principal antitumor effector cells. In gen-
eral, CD8+ T cells function as a major immune defense
against intracellular pathogens and tumor cells. Antigenic
peptides presented by MHC class 1 molecules expressed
by tumor cells leads to activation of CD8+ T cells.2
Targeted cells are destroyed via secretion of TNFa and
IFN-y, release of cytotoxic granules containing perforin
and granzymes, and apoptosis induced via Fas/FasL inter-
actions.?® High numbers of CD8+ TILs have been linked to
improved outcomes in multiple tumor types, especially
colorectal cancer.

Multiple studies have identified massive infiltration
of CD8+ TIL in the tumor and stroma of HPV-associated
OPSCC as compared to non-HPV-associated tumors.?3%42
High CD8+ TIL in the tumor microenvironment has been
found to be an important marker for prognosis. Patients
with higher CD8+ TIL have improved overall survival
and disease-free survival >3°*2 HPV-associated OPSCC
tumors with low TIL numbers appear to have similar
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survival to that of HPV-negative OPSCC.*? Studies in the
head and neck literature, as well as in other cancer sites,
have noted reduced numbers of CD8+ T cells in peri-
tumoral areas surrounding metastatic lymph nodes com-
pared to uninvolved lymph nodes.*® This suggests that
tumor suppression of cytotoxic T-cell activity facilitates
metastases. It is believed that viral antigens expressed by
HPV-associated OPSCC tumors provoke a robust adaptive
immune response resulting in increased infiltration of
CD8 + TIL.>*2 This is supported by the fact that HPV
16-specific CD8+ T cells have been extracted from the
blood of HPV-positive OPSCC and isolated from
tumors.***® More specifically, studies have identified ele-
vated levels of HLA-A*201 restricted viral E7-specific T
cells in the peripheral blood of patients with HPV+ head
and neck tumors.'! However, these same E7-specific cyto-
toxic T cells were unable to recognize an HLA-A*201
expressing HPV+ tumor cell line''®! and no studies have
yet definitively identified the antigens within the tumor
that trigger this host response. Moreover, CD8+ TIL
function may have an impact on response to therapy as
studies have shown improved disease-free survival with
retained or enhanced CD8+ activity in patients treated
with radiotherapy +/— chemotherapy.*® Future inter-
ventions directed at increasing immune reactive CD8+
cytotoxic T cells may be beneficial in treatment of
HPV-associated OPSCC.

Other immune cells have been identified in the
tumor microenvironment of HPV-associated OPSCC but
their role is unclear. For example, some studies have
demonstrated increased infiltration of HPV-associated
OPSCC tumors with CD4+ T helper cells.?® In general,
CD4+ cells interact antigens expressed on MHC class II
resulting in cytokine secretion and subsequent pro-
liefation and activation of CD8 T cells.?*” CD4+ T cells
exert their antitumor activities in multiple ways includ-
ing secretion of IFN-y*® and recruitment of effector cells
such as macrophages and eosinophils.*® There is also a
cooperative interplay with CD8+ T-cell function via CD4+
T-cell secretion of IL-2, modification of antigen presenting
cells augmenting tumor antigen presentation to CD8+
T cells, and facilitating trafficking of CD8+ T cells into
the tumor.®5° In head and neck tumors as a whole, the
literature suggests that a high CD4+ TIL count may
improve prognosis but more recent studies have found no
difference in outcome with increased CD4+ TIL infiltra-
tion.?*®! Some studies have found that a lower tumor
infiltrate CD4/CD8 ratio, and more specifically a lower
Foxp3/CD8 ratio, were correlated with improved overall
and disease-specific survival independent of HPV sta-
tus.3?*® Studies have identified a subpopulation of CD4+
Treg cells that are thought to impair autoimmunity and
promote cancer progression. These cells are notable for
expressing CD25, CTLA-4, and CD 36.3! Direct cell to cell
contact and production of IL-10 and TGFp by these cells
results in anergy, apoptosis, and cell cycle arrest of acti-
vated T cells resulting in cancer progression.3:52

In addition, multiple studies have identified signifi-
cantly higher number of CD3+ TIL In HPV-associated
OPSCC, but this increased infiltration had no impact on
patient outcome.®®® Natural Killer T cells (NKTs) are
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also important antitumor cells that secrete a variety of
cytokines and induce DC maturation. It is believed that
HPV has developed mechanisms to avoid NKTs anti-
tumor effects but more studies are needed.

HPV VIRAL IMMUNOMODULATION IN
CARCINOGENESIS

HPV’s ability to subvert both the innate and adap-
tive immune responses to drive chronic infection and
increase risk of neoplastic progression is well described in
multiple cancers.?*%* The virus relies on numerous
immunomodulatory chemokines and cytokines to foster a
suitable environment for tumor growth. For example,
HPV oncogenes have been found to block signaling path-
ways critical to the innate immune response to viral
infection. Specifically, inhibition of induction and tran-
scription of CCL20 by HPV E6/E7 during early infection
results in lack of recruitment of antigen presenting cells
(APCs) to HPV infected epithelium facilitating chronic
infection.?#?**® HPV-transformed cells progressively
accumulate and produce IL-6 which influences tumor-
associated myeloid and inflammatory cell migration and
conversion.’” This eventually leads rapid activation of
STATS3 in HPV-infected cells resulting in increased CCL2
production.’” CCL2 is a potent tumor promoting chemo-
kine that is associated with persistent disease and
sustained inflammatory microenvironment.2#®” This all
acts to sustain chronic inflammation and create sustained
levels of immunosuppressive and tumor promoting local
factors that eventually leads to cancer.

IL-6 is a particularly interesting cytokine pivotal to
HPV-associated carcinogenesis. In particular, IL-6 over-
expression in malignant HPV-transformed cells is a
potent promoter of protumorogenic and immunosuppres-
sive responses.?* Its role in cervical carcinogenesis is bet-
ter understood and is thought to apply to oropharyngeal
cancer progression. IL-6 promotes the CCL2/CCR2 feed-
back loop which sustains the inflammatory microenviron-
ment.’” In later stages of carcinogenesis, IL-6 induces
differentiation of fibroblasts into CAF's and increases stro-
mal expression of CCL20 amplifying the chronic inflam-
matory response.!® IL-6 acts to disassociate migration
receptor CCR7 from CD83 and CD80/86 on DCs
preventing expression of CCR7 which results in function-
ally impaired DCs.?4%® This results in impaired DC IL-12
production resulting in upregulated MMP-9 production
and activity. Increased MMP-9 expression is thought to
promote tumor growth and angiogenesis.?* I1-6 produc-
tion by tumor cells and subsequent signaling via STAT3
has been found to attract pro-tumorigenic T-cells.’® Both
IL-6 and STAT-3 inhibitors are currently being studied as
potential therapeutic agents in cervical cancer. Further
studies regarding their role in HPV+ oropharyngeal can-
cer are warranted.

TGFp is an important cytokine that is thought to be
a potent factor in cancer progression. It has been found to
be overexpressed in pre-neoplastic lesions adjacent to
HNSCC suggesting a role in early carcinogensis.?® In the
tumor site, it is sequestered in the extracellular matrix
bound to TGFp binding protein and is also secreted by
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leukocytes, stroma, and tumor cells.®® Extracellular
matrix degradation by matrix metalloproteins is thought
to play a role in release of TGFp.2® TGFp has been impli-
cated in immune dysregulation allowing tumors to out-
maneuver host defense systems facilitating tumor
growth. In particular, increased expression of cell associ-
ated and matrix-linked TGFf results in functional inacti-
vation of NK cells and cytotoxic T cells.’! It is also
thought to play a key role in recruitment and differentia-
tion of immunosuppressive CD4+ Treg cells.®!

SUMMARY

HPV-associated OPSCC is a distinct entity that is
increasing in incidence. The immune system appears to
play a significant role in tumor progression. Studies sug-
gest that the cells of the innate immune response play a
key role in the immune microenvironment of HPV-
associated squamous cell carcinoma. Stromal cells, mac-
rophages, and DCs all contribute to carcinogenesis and
future therapies directed at altering their responses are
underway. Multiple studies have examined the role of the
adaptive immune response and have noted increased
infiltration of CD8+, CD4+, and CD3+ TIL in the tumor
microenvironment. High CD8+ TIL infiltration and low
CD4/CDS8 ratio appears to have prognostic implications
with reports of improved survival. The HPV virus utilizes
a myriad of immunomodulating cytokines to subvert the
host immune response. Further studies are needed to
examine therapeutic response in patients with these dis-
tinct immunologic subtypes and identify potential targets
for de-escalated therapy.
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