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Programmed death ligand 1 (PD-L1) is an immune-checkpoint regulator.
Expression of PD-L1 in a subset of head and neck squamous cell carcinoma (HNSCC) was
linked to improved response to immunotherapy. Oral potentially malignant disorders
(OPMDs) are characterized by increased risk for malignant transformation. We
investigated the expression of PD-L1 in immune cells (ICs) and epithelial cells of OPMD,
which is essential to prevent progression to malignancy. Immunohistochemistry analyses
in HNSCC whole excision tissue sections (104 patients) indeed demonstrated predominant
expression of PD-L1 in the epithelial margins (~86%). This directly correlated with PDL1 expression in underlying ICs (P=0.0172) with a predominating lichenoid pattern of IC
infiltrate. Immunoblotting analyses demonstrated the role of human recombinant IFN-γ in
the upregulation of PD-L1 expression in the oral premalignant cell line (DOK) with
implications of downstream activation of pS6. Our work suggests a role for IFN-γ/PD-L1
in the immune escape of OPMDs.
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INTRODUCTION

Oral Potentially Malignant Disorders
Oral potentially malignant disorders (OPMDs) include a variety of lesions and
conditions characterized by an increased risk for malignant transformation (MT) to oral
squamous cell carcinoma (OSCC) [1,2]. The World Health Organization (WHO) defines
OPMDs as “clinical presentations that carry a risk of cancer development in the oral cavity,
whether in a clinically definable precursor lesion or in clinically normal oral mucosa”.
These

disorders

include, but

erythroleukoplakia, oral

are

submucous

not

limited

fibrosis,

to,

palatal

leukoplakia, erythroplakia,
lesion

of

reverse cigar

smoking and oral lichen planus [3].

Oral leukoplakia is the most common OPMD [4]. The incidence of leukoplakia is
highly variable, with a global prevalence of 2–3%. On the other hand, oral erythroplakia is
a rare lesion, with prevalence between 0.02% and 0.83% [3]. The MT potential varies
according to the degree of histological cellular criteria known as dysplasia, where some
leukoplakic lesions may spontaneously disappear, but others may progress [5,6]. The MT
potential of moderate and severe dysplasia is ~ 4 -11% and 20 - 43%, respectively. Oral
erythroplakia carries a higher MT potential of 14% to 50% [7]. Proliferative verrucous
leukoplakia (PVL) is a more recently described OPMD that has even higher MT potential
that varies among several studies, and can be as high as 74% [8–10].
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Oral dysplasia is a histologic feature of OPMDs characterized by loss of uniformity
of individual epithelial cells and their architectural orientation. Dysplastic changes include
pleomorphism, hyperchromatic nuclei, abundant mitotic figures, and loss of progressive
maturation of basal cells [11]. In a recent meta-analysis, it was estimated that oral dysplasia
has an overall 10.5% MT risk [12]; however, several studies [13–16] showed a wide range
(5-27%) of transformation risks, mainly depending on the grade of dysplasia (Figure 1).

Based on the WHO workshop held in 2005, a change in nomenclature was assigned
towards premalignant or precancerous lesions, to be called “potentially malignant”.
Moreover, the use of the term disorder was preferred over the lesion, in order to emphasize
the fact that malignant transformation can occur anywhere inside the oral cavity or even
oro-pharynx, not necessarily in the area of clinically detected leukoplakia [17]. This can be
attributed to the concept of field cancerization or the field effect of areas exposed to
substances such as carcinogens, which made the development of multiple OPMDs at
various times, not an uncommon event. These OPMDs are morphologically atypical and,
while not yet malignant, are poised to progress to cancer [18].

It should be noted that, although cancer is thought to develop through a series of
morphologically distinguishable stages, beginning with a benign overgrowth of cells and
eventually progressing to invasive cancer [19], it was also postulated that some cancers
might arise from cells that appear “morphologically normal” while harboring underlying
genetic aberrations on molecular level, related to potentially malignant or malignant tissues
even before they frankly show morphological changes [20]. The OPMD, whether clinically
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evident or not, shows histological morphological changes or lack morphological changes,
can occur as single or multiple lesions in the oral cavity. It can occur in the oral cavity of
cancer free patients or synchronously or metachronous with cancer. They can also occur in
the tumor margins of frankly invasive carcinoma that represent a very good model to study
OPMD. The process of transformation of those cells eventually into OPMDs or
malignancy, is suggested to ultimately depend on the interaction with the immune system
[21].

Figure 1. Illustration of progression of OPMD to frank invasive squamous cell
carcinoma (SCC). Clinical presentation (upper panel) can be reflected on the
histopathologic level (lower panel). Several Genetic mutations linked to each step of
progression were previously described [19].

Figure 1. The activation of T cell depends on both; antigen recognition and co-stimulatory/inhibitory
interactions. An antigen presenting cell (APC) is represented (left), presenting antigen bound to MHC
molecules (pMHC) to a T cell (right). The pMHC binds the T cell through the T cell receptor (TCR) and
pursue stimulatory, as well as inhibitory interactions, represented by CD80- CD28 binding (top) and PD1/PD-L1 (bottom), respectively. The degree of T cell activation depends on the integration of all these
intracellular signals.Figure 2. A classic figure describing
tumor progression from normal to frank
3
invasive squamous cell carcinoma (SCC), and how a clinical picture can be reflected on the
histopathologic level. Several Genetic mutations –if present- underlying each step were reported. (19)

OPMDs from equilibrium to escape: Key players in the immunoediting
In 1909, it was suggested that human beings very commonly encounter aberrant
cells within their bodies; however, those cells can be prevented from developing into
tumors, due to the presence of positive defensive mechanisms inside the body [22].

The idea that tumors were immunologically distinguishable from normal cells
established the concept of the existence of tumor-specific antigens, which could be
recognized by the immune system [23]. This concept provided the main cornerstone of the
cancer immunosurveillance hypothesis suggested [24,25], which considered lymphocytes
as sentinels that continuously recognize transformed cells and eliminate them. Cancer
immunosurveillance is one of several important host protection processes that inhibit
carcinogenesis and maintain regular cellular homeostasis [26].

Antigen-presenting cells (APCs) process tumor antigens and present them in
association with major histocompatibility complex (MHC) on their surface, to bind with
their respective T cell receptor (TCR). Thus, T cells recognize those specific antigens that
are differentially expressed by the tumor cells (Figure 2) [27].

However, to generate full T cell activation, MHC binding to TCR on T cell is not
sufficient alone [28]. Co-stimulatory ligand-receptor pathway such as CD28-B7-1 (also
known as CD80) or CD28–B7-2 (also known as CD86) positive signals are required,
allowing T cells to proliferate, secrete inflammatory cytokines, acquire cytolytic properties
4

and migrate to sites of tumor deposits’ antigen display [29].Within hours to days, activated
T cells also begin to express the co-inhibitory receptor programmed cell death protein 1
(PD-1), which is the receptor for the programmed cell death ligand-1/ PD-1 ligand 1(PDL1). It functions to control immune homeostasis by downregulating effector T cell
activation as a normal protective mechanism [30–32]. Following the antigen recognition
process and the subsequent T cell activation, elimination of the recognized tumor cells can
be done through many key players, such as the interferon-gamma (IFN-γ) molecules and
its corresponding receptor signaling pathway (IFNR) [33]. It was well documented that
IFN-γ plays a pivotal function in cancer immune surveillance process, not only through the
promotion of tumor elimination but also through stimulating anti-tumor immunity and
promoting tumor recognition [34].

Figure 2. PD-1/PD-L1 inhibitory check point. The activation of T cell
depends on both; antigen recognition and co-stimulatory/inhibitory
interactions. An antigen presenting cell (APC) is represented (left),
presenting antigen bound to MHC molecules (pMHC) to a T cell (right). The
pMHC binds the T cell through the T cell receptor (TCR) and pursue
stimulatory, as well as inhibitory interactions, represented by CD80- CD28
binding (top) and PD-1/PD-L1 (bottom), respectively. The degree of T cell
activation depends on the integration of all these intracellular signals [31].
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Cancer Immunoediting

Cancer immunosurveillance was thought to function only to protect the host and to
act exclusively at the earliest stages of cellular transformation. However, the use of “cancer
immunoediting” term was then proposed as a broader and more accurate description of the
process, instead of cancer immunosurveillance; because the immune system does not only
function in host-protection, but it also has the ability to shape and sculpt the tumor [35].

Cancer immunoediting is comprised of three phases– also known as the “Three Es”
of cancer immunoediting- which are elimination, equilibrium and escape (Figure 3) [21].
The elimination phase represents the original concept of cancer immunosurveillance, in
which the immune system can readily detect and eliminate some of the genetically
modified tumor cells. Those cells appear to have higher “immunogenicity” allowing
themselves to be discoverable by the immune system, and hence, destroyable. If this phase
successfully eradicates the developing tumor, it represents the complete immunoediting
process without progression to the subsequent phases [21].

The equilibrium phase is the highly dynamic subsequent phase, in which many of
the original tumor cell variants are destroyed; however, new variants arise, carrying
different mutations that provide them with increased resistance to immune attack. Those
cells which have either reduced immunogenicity, or have acquired special mechanisms to
escape or suppress the immune system, are left behind, resulting in the generation of tumor
cells that are better able to withstand the tumor-suppressing actions of the immune system
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and remain in a state of tolerance or equilibrium with the immune system [21,35–37]. The
low immunogenicity might be attributed to the genetic instability and thousands of
mutations that occur in those cells [36].

The escape phase is where tumor cell variants selected in the equilibrium phase
now can grow and proliferate further on. This evasion of the host’s immune defenses most
probably occurs as a result of genetic and epigenetic changes in the tumor cell, which
allows more resistance to immune detection and elimination. That is exactly when the
tumors are allowed to grow, expand and become clinically detectable [21].

Figure 3. Cancer immunoediting is composed of three processes: (Three Es).
A. Elimination reflects immunosurveillance process. B. Equilibrium reflects the
immune system ‘s selection process which allows the generation of tumor cell variants
resistant to immune attack. C. Escape reflects how the tumors which were
immunologically re-shaped can expands in an uncontrolled manner in the
immunocompetent host. Color coding of cells: Developing tumor cells (blue), variants
of tumors (red), non-transformed cells and stroma (gray), additional tumor variants
(orange). Different lymphocyte populations are as marked. Cytokines (small orange
circles) and cytotoxic activity of lymphocytes against tumor cells (white flashes) [35].

Figure 11. Complex biology of T cell-inflamed gene expression profile.Table 1. Interferon Gamma
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Refined Gene Signature.(47)Fig. 6. Cancer immunoediting is composed of three processes:

(Three Es).
A. Elimination reflects immunosurveillance process. (B) Equilibrium reflects the
immune system ‘s selection process which allows the generation of tumor cell variants

Immuno-editing in the context of OPMDs

Although the immunological status of the OPMDs environment is not well
understood [38], it was recently suggested that these disorders represent the equilibrium
phase as defined by the concept of cancer immunoediting (Figure 3), which may help
explain the phenomenon of persistent OPMDs.

Considering this concept, more understanding of the molecular interaction between
the immune system and the OPMCs in this phase is important. Interestingly, this may also
help in explaining the spontaneous disappearance phenomenon observed in some oral
leukoplakia cases [5,6,39], as being the reverse transition from the equilibrium to the
elimination phase, when the anti-tumor immunity is enhanced or restored, thus the immune
system detects and eliminates those genetically altered cells (GACs) [40].

It was suggested that the disappearance of oral leukoplakias could occur in some
cases, upon stoppage or resolution of the triggering factor. This disappearance can be
attributed to the restoration of anti-tumor immunity [5,39]. It was also suggested that
OPMDs may acquire special mechanisms to either escape or suppress the immune system,
which in turn facilitates GACs progression from the equilibrium to the escape phase,
causing the invasion of dysplastic epithelial cells into stromal tissue, i.e., malignant
transformation of OPMDs [40]. Those mechanisms are represented in either
downregulation of antigen presentation, or upregulation of immune-suppressive
checkpoints, chemokines, and cytokines, as well as regulatory immune cells, thus allowing
the GACs to be seen by the immune system as “self” which is referred to as tolerance [41].
8

Interferon-Gamma

The production of IFN-γ is one of the body’s protective immune system
mechanisms, against any abnormal cellular growth encountered. This abnormal growth can
be attributed to damage of the DNA repair and replication system, due to many factors,
such as smoking, chronic viral infection, and ultraviolet radiation. This urges the innate
and adaptive immune responses from the body to interfere, and the production of IFN-γ
might then take place [42–44].

In the tumor microenvironment (TME), IFN-γ- which is a type II IFN- is a key
cytokine produced by natural killer (NK) cells, activated T cells, and NK T cells. It plays
an important role in coordinating the cancer immune surveillance process; once it binds to
the IFNR on the corresponding GAC, it activates the IFN-γ-dependent mechanisms,
leading to cell cycle inhibition, apoptosis, and angiostasis thus, the elimination of the target
cell [21]. It can also activate anti-tumor immunity by stimulating the local production of
chemokines that recruit more cells of the innate immune system to the tumor [37]. It allows
the activation of macrophages tumoricidal activity and NK cells [21] as well as promote
tumor recognition by enhancing the immunogenicity of GACs through upregulation of
MHC on their surface [45].

On the other hand, IFN-γ signaling processes can induce negative feedback against
the anti-tumor immune response [46]. This negative feedback can be represented in the
upregulation of PD-L1 in GACs as well as in other cells in the TME, such as immune cells
and stromal cells. The upregulated PD-L1 ligand on all those cells downregulates the
9

cytotoxic response of T cells upon binding to their PD-1 receptors. In addition, IFN-γ can
upregulate the expression of other key immune suppressive molecules such as Indoleamine
2,3-Dioxygenase 1 (IDO1) within the TME. IDO1 promotes T-cell tolerance and activates
the differentiation of naïve CD4+ T-Cell into regulatory T-Cell. The GACs takes advantage
of this delicate balance of positive and negative immune signaling factors, allowing their
survival and progress [47].

PD-L1 expression might represent only a component of a complex T cell-related
biology within the GACs’ immune microenvironment. A recent study examined Gene
expression profile (GEP) in the TME, reporting signatures that are related to IFN-γ
signaling and activated T cell biology, reaching a final GEP of T cell–inflamed, immune
checkpoint restrained/immune-suppressed microenvironment. This microenvironment is
characterized by active IFN-γ signaling with upregulated immune-suppressive checkpoint
molecule (IDO1), cytotoxic effector molecules (STAT1), antigen presentation (HLA-DR),
and T cell-active cytokines (CXCL9, CXCL10) [47]. It was suggested that using this
focused set of genes, known as the refined-IFN-γ (6-genes) (Table 1) helps identify this
immune-modulating biology. It also allows the prediction of clinical response to
immunotherapy against PD-1 across a wide variety of tumor types [47].
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Table 1. Interferon Gamma Refined Gene Signature [47].
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Programmed Death Ligand 1

PD1/PD-L1 receptor/ligand pair is a well-established immune checkpoint pathway
which normally functions to maintain immune homeostasis [48,49]. PD-L1 mRNA is
widely expressed in normal tissues, but protein expression is more restricted and controlled
by post-transcriptional mechanisms [50]. In the TME, after tumor antigens are recognized
by T cells, activated T cells release interferons, which is one of the mechanisms by which
PD-L1 can be upregulated in several cancer cells or other TME cells, through IFN-γ
mediated signaling pathways [51] (Figure 4).

Figure 4. Signaling pathways implicated in the upregulation of PD-L1 in
malignancy. STAT3 and ERK activation in T cell lymphoma upregulates
PD-L1. PTEN loss in human glioma and colorectal cancer enhanced PD-L1
upregulation. Simultaneous inactivation of PTEN/Lkb1 resulted in murine
lung cancer with elevated PD-L1 [51].
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Two main mechanisms have been described by which PD-L1 upregulation in tumor cells
can protect against IFN-γ. The first mechanism is that binding of PD1-PD-L1 pair between
the tumor cell and the immune cell. This interferes with T cell receptor signal transduction
and co-stimulation by recruiting the SHP-1 and SHP-2 phosphatases to the intracellular
domain of PD-1, and up-regulating the expression of CBL E3 ubiquitin ligases to induce
TCR down-modulation. Thereby evading the immune attack, in a process known as
adaptive immune resistance. This allows the specific inhibition of T cell recognition of
cancer, while it spares the rest of the immune responses to other antigens, avoiding a
systemic immune-suppressive state [49]. The other mechanism, is when PD-L1 acts as a
molecular shield to protect tumor cell by inhibiting IFN-γ mediated apoptosis [32]. The
RMLDVEKC motif in PD-L1 cytoplasmic domain was required for cancer cells to
withstand the apoptotic capacities of type I and II interferons (Figure 5). Several other
mechanisms involving intracellular signaling to enhance survival and regulate stress have
also been described [28,32,51–54].

Within the TME of OPMDs, there are multiple PD-L1-expressing cell types,
including dysplastic epithelial cells, recruited tumor-associated macrophages, tumor
infiltrating lymphocytes, and tumor-associated fibroblasts. This suggests that the antitumor immunity can be suppressed through the PD-L1 expression on infiltrating
lymphocytes as well as on the OPMCs [40].

13

Figure 5. PD-L1 counteracts interferon- mediated apoptosis model in
melanoma cells. PD-L1 domains and crosstalk with interferon signaling in
cancer cells. The domain structure of PD-L1 is represented. Ig extracellular
immunoglobulin domain, TM transmembrane domain. The RMLDVEKC
motifs are represented in the intracytoplasmic region of PD-L1. The
mechanism by which PD-L1 counteracts interferon-mediated apoptosis is
represented. A function associated with the RMLDVEKC motif is required
to inhibit STAT3 phosphorylation, which, in turn, halts caspase-mediated
apoptosis. The DTSSK motif acts as a negative regulator of the
RMLDVEKC motif [32].
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Immunotherapy in OPMD

Despite aggressive multimodal strategies to treat oral cancer using combinations of
surgery, radiotherapy (RT) and chemotherapy, the 5-year overall survival of head and neck
cancer- which includes cancer of the oral cavity and pharynx- is only ~ 40% for late-stage
detection and 60-65% for all stages combined [55,56]. However, early-stage detection
greatly improves the survival rate reaching ~ 80-90% survival rate [56].

Immunological treatment against OPMDs that are at high risk for secondary
occurrences or progressing to cancer was proposed recently as an alternative route to
overcome the immunological blockades imposed by the cancer. Especially with the
multiplicity of mechanisms by which cancers can subvert these immunological treatment
approaches, which continues to challenge immunotherapeutic efforts. On the other hand,
although yet to be understood, the OPMDs environment is less complicated compared to
the immune evaded environment in cancer [38].

In 2016, the US Food and Drug Administration (FDA) approved the first
immunotherapeutic treatment against immune checkpoint PD-1 -nivolumab and
pembrolizumab- for the treatment of patients with recurrent HNSCC that is refractory to
platinum-based treatments. In 2018, Nobel Prize in Medicine or Physiology was granted
for the understanding of the mechanism of action of immune checkpoints CTLA4 and PD1/PD-L1 and how they negatively regulate the immune system. This work and discoveries
revolutionized cancer immunotherapy. Then in 2019, the FDA approved PD-1 inhibition
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as first-line treatment for patients with metastatic or unresectable, recurrent HNSCC.
Pembrolizumab was approved as a single agent for patients with HNSCC whose tumors
express a PD-L1 combined positive score of ≥ 1. Combined positive score refers to the
number of PD-L1 positive cells including tumor, lymphocytes, and macrophages [57].

Based on a recent mini-review on immunotherapy in OPMDs, it was concluded that
higher level of immune cell infiltration is indicative of ongoing immune reactivity against
OPMDs; however, more studies are needed to determine whether this immune reactivity is
a protective response against tumor development, or is it promoting the tumor
development. Despite this uncertainty, it appears that the OPMDs microenvironment is less
complicated in terms of immune state evasion than the cancer environment. Therefore,
immunotherapeutic approaches whether as a preventive measure against secondary
OPMDs or progression to cancer should be more fully explored [38].

Interestingly, a recent study showed evidence of MT prevention of OPMDs using
PD-1 immune checkpoint inhibitors in a carcinogen-induced OPMDs of a mouse model,
highlighting the potential clinical benefit of using anti-PD-1 antibodies in the context of
OPMDs, not only in the prevention of progression into frank carcinoma, but also in the
prevention of secondary OPMDs [58].

A biomarker is defined as a characteristic that is objectively measured and
evaluated as an indicator of normal biologic processes, pathogenic processes, or
pharmacological responses to a specified therapeutic intervention. Biomarkers can be
determined in numerous ways, for example, in easily obtainable body fluids serving as
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surrogate biological assay, like plasma, serum or urine. But also, more invasive techniques
requiring tumor tissue for immunohistochemistry as well as DNA and RNA analyses are
widely used. A biomarker could be prognostic, where it provides information about the
patient’s overall disease outcome, but it does not predict the response to specific treatment.
On the other hand, a predictive biomarker can predict response to a specific type of
treatment [59]. In this context, PD-L1 can be suggested as both a prognostic and predictive
biomarker.

17

THE HYPOTHESIS OF THE CURRENT WORK is that PD-L1 gets upregulated in
oral potentially malignant cells (OPMC) in response to IFN-γ treatment as a mechanism
for immune escape (Fig.6).

Figure 6. Hypothesis: PD-L1 is upregulated in response to IFN-γ treatment,
as a mechanism of immune escape in OPMCs.
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Material and methods:
Human tissue samples
Hundred and four Formalin fixed paraffin embedded (FFPE) HNSCC whole
excisional tumor tissue sections were obtained prospectively under the University of
Maryland Baltimore institutional review board approval (IRB HP-00073603). The samples
were mapped for Tumor margins (TMs) whether morphologically normal epithelial
margins (MNEM) or dysplastic epithelial margins (DEM) adjacent to invasive HNSCC
tumor using aperio image scope software.

Immunohistochemistry
PD-L1 antibody (28-8, catalog no. ab205921) (Abcam), was used to stain 104 FFPE
human HNSCC resection tumor tissue sections according to Abcam IHC protocol.
Universal HIER antigen retrieval reagent catalog # (ab208572), Rabbit specific IHC
polymer detection kit HRP/DAB catalog # (ab209101) amplifier and detector, DAB
substrate kit catalog # (ab64238) were used from Abcam according to their IHC protocol.
The slides were scanned, and three pathologists analyzed the slides using aperio image
scope. Representative images for aperio digital analysis were taken. Membranous PD-L1
expression in epithelial cells of tumor margins was considered positive. Scoring was
representative of the intensity and percentage of areas showing the highest expression. TMs
were scored simultaneously in the MNEM and DEM pairs in each case as negative, weak
positive, moderate positive or strong positive (0,1,2 or 3) respectively and then multiplied
by the intensity of expression; with >25% considered positive, and finally classified as
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binary 0 (low) or 1 (high). M/D represents the tumor margin with higher expression in each
case. We excluded 12 cases lacking epithelial component. The TMs were evaluated for
three histopathologic characteristics: PD-L1 expression distribution in the epithelial
margins (EM), PD-L1 in EM in correlation to underlying immune cell (IC) infiltrate, and
the different patterns of IC infiltrate in the underlying stroma.

Nanostring Analysis for Gene Expression Profile
PD-L1 and IFN-γ tumor immune signature gene expression profile (GEP) was run
for three pairs of TM & invasive tumor, using Nanostring IO-360 and Master Kit (NAAAKIT-012, catalog no. 100052) (Nanostring tech, Seattle, WA). The TM and invasive
tumors were mapped from the FFPE tissue mounted on the slides. The extraction of mRNA
was performed using Rneasy FFPE (cat#73504). After the quality of the extracted mRNA
was checked on a nanochip, the samples were run using n-counter machine (Nanostring
Tech.) at the core facility in the institute of genomic services (IGS) at University of
Maryland, Baltimore. Then finally analyzed for GEP in our lab using n-Solver analysis
software.

Human Cell lines and tissue culture
Human normal oral keratinocytes (NOKSI), premalignant cell line established from
a dysplastic leukoplakia lesion adjacent to a squamous cell carcinoma (Leuk-1), and
human-derived HNSCC cell line WSU-HN6 from primary carcinomas of the tongue were
used. Cell lines underwent DNA authentication (Johns Hopkins Genetic Resources Core
Facility, Baltimore, MD) to ensure consistency in cell identity in comparison with their
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source. Dysplastic oral keratinocyte cells established from a dorsal tongue lesion showing
epithelial dysplasia (DOK) (a gift from Dr. Abraham Schneider). Normal (NOKSI) and
premalignant cell line (leuk-1) were grown and maintained in KSFM supplemented with
growth factor and 5% Penicillin-streptomycin-amphotericin B (Sigma-Aldrich, St. Louis,
MO). Premalignant cell line (DOK) was grown and maintained in DMEM of 4500 mg/L
glucose, sodium pyruvate, and sodium bicarbonate, without L-glutamine, supplemented by
2mM glutamine, 5 μg/ml hydrocortisone, 10% FBS, 5% Penicillin-streptomycin (SigmaAldrich, St. Louis, MO). HN6 Cancer cell line was grown and maintained in DMEM
supplemented with 10% FBS and 5% Penicillin-streptomycin. All cell lines were grown
and maintained at 37˚C in humidified air with 5% CO2.

Immunoblotting, Antibodies and reagents
Cells were harvested in SDS Lysis buffer with the addition of complete™, Mini,
EDTA-free Protease Inhibitor Cocktail (catalog no. 11836170001) (Roche Diagnostics,
Indianapolis, IN). The supernatant was collected by centrifugation at 14 xg, for 10 minutes
at 4 degrees Celsius. Protein Quantification for the whole cell lysates was performed using
DC Protein Assay Kit Bio-rad (catalog no. 5000111) and read at an absorbance of 450 nm
using a BioTek Epoch microplate spectrophotometer. Equal amounts of whole-cell lysates’
total protein - (25 ug) protein was loaded for the basal level of expression. Whole cell lysate
of 15 ug was loaded for the expression level after IFN-γ treatment. Samples were run in
8% SDS-PAGE, followed by electro-transfer to an immunoblot PVDF membrane using
mini Trans-Blot Electrophoretic Transfer Cell (Biorad- Catalog no. 170-3930). Membranes
were blocked with 5% nonfat dry milk in TBST, then incubated with primary antibody.
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The following primary antibodies were used: mAb for PD-L1 (E1L3N, catalog no. 13684),
Phospho S6 ribosomal protein (Ser240/244, catalog no. 2215), Total S6 ribosomal protein
(5G10 catalog no. 2217), Phospho-p44/42 MAPK (ERK1/2) (Thr202/Tyr204, D13.14.4E,
catalog no. 4370), Total P44/42 MAPK (Erk1/2) (137F5, catalog no. 4695), PhosphoSTAT3 (Tyr705) (D3A7) XP, catalog no. 9145), STAT3 (124H6, catalog no. 9139),
GAPDH (14C10, catalog no. 2118) were bought from Cell Signaling Tech. MHC class I
(HC10) (OriGene Technologies-Rockville, Maryland). Membranes were incubated with
secondary antibody (HRP-conjugated goat anti-mouse or goat anti-rabbit) for 1 hour at
room temperature, then a final thorough three sets of washing by TBST. Blotting for
different antibodies was done after stripping by Restore PLUS Western Blot Stripping
Buffer (catalog no. 46430) (Thermo Scientific). Finally, the signal was detected using
chemiluminescent Luminata Forte Western HRP Substrate (catalog no. WBLUF0100),
(Millipore Sigma, Burlington, MA), and the intensity of the bands were analyzed and
digitally quantitated by densitometry using ImageJ analysis software.

Interferon Gamma treatment
Treatment of DOK cell lines using 10 ng/ml human recombinant (hr)-IFN-γ
cytokine (Catalog no. 300-02) (Peprotech, NJ) was performed 24 hours after plating.
Whole cell lysates were collected for immunoblotting at different time points after
treatment (IFN-γ/+) at 15 minutes, 30 minutes, 1, 6, 12, 24, and 48. Control time points
with no cytokine treatment (IFN-γ/-) were collected at (15 mins, 24, and 48 hours).
GAPDH was used as a loading control.
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Statistical analysis:
Graph Pad prism was utilized for the descriptive analysis. Fisher exact test was used
to determine the significance of the association between PD-L1 expression in the EM and
the underlying IC infiltrate. A p-value less than 0.05 was considered significant.
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RESULTS
IV.

A. PD-L1 in tumor margins of excisional HNSCC tumor tissue
PD-L1 in the Epithelial Margins of Excisional HNSCC Tumor Tissue
Patients with PD-L1 +ve dysplastic lesions were described to have 5-year

malignant-free survival of 51.4% [40]. Epithelial margins (EM) adjacent to tumor can
harbor underlying genetic mutations, with greater potential towards MT. The EM can
present histologically as morphologically normal epithelial margin (MNEM) or dysplastic
epithelial margin (DEM) or both (M/D). Here, we wanted to investigate PD-L1 expression
in the EMs of excisional HNSCC tumor tissue.

Hundred and four excisional tumor tissue sections were examined for epithelial
margins (EM). Five cases proved to show MNEM, 11 cases had DEM only, and 76 cases
showed a transition from MNEM to DEM to frank invasive malignancy. The EM ranged
from a minimum 0.5 cm to a maximum 1.5 cm measured using aperio image scope ruler.
In the 76 cases with MNEM and DEM margins (M/D), there was a slight male predilection
(54%), while females comprised 46% of our population. The age range was from 21 to 93
years old, with the average and median age being 66.6 and 66.5, respectively. The majority
of our population were Caucasians (85%), followed by equal representation from African
Americans and Asians (7% each). Only 1% of our population was of Hispanic origin. Most
of our cases were from the Oral and mobile tongue (96%), including the tongue, floor of
mouth, buccal mucosa, gingiva, maxilla, mandible, and all other oral locations. Only 4%
of our cases were from the oropharynx and base of tongue (Table 2, Figure 7).
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Table 2: Clinical & histological characteristics of the HNSCC tumor margins.

Fig. 14. Demographic representation of the excisional tumor tissue samples.Table 2:
Clinical & histological characteristics of the HNSCC tumor margins.

FOM: Floor of Mouth, HNSCC: Head and Neck Squamous Cell Carcinoma, MNEM:
morphologically normal epithelial margins, DEM: Dysplastic Epithelial margins

Table 2: Clinical & histological characteristics of the HNSCC tumor margins.

FOM: Floor of Mouth, HNSCC: Head and Neck Squamous Cell Carcinoma, MNEM:
morphologically normal epithelial margins, DEM: Dysplastic Epithelial margins

Figure 7. Demographic representation of the excisional tumor tissue
samples.
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Most of the M/D margins were positive for PD-L1 expression (86%), with 84% and
59% positivity in the DEM and MNEM, respectively. The PD-L1 expression in the EM
was mainly membranous. The pattern of distribution across the epithelium was
predominantly in the Prickle cell layers or Full thickness of 83% of the M/D (82% of the
DEM and 24% of the MNEM). Other patterns of distribution were observed, including
basal and parabasal positive expression of PD-L1 in (20%) of the MNEM cases and focal
expression in basal cells in (3%, 3%, and 16%) of M/D, DEM and MNEM.

Interestingly, more than one-third of the MNEM cases were negative for PD-L1
(41%), while DEM showed negativity for PD-L1 in only 16% of the cases, respectively
(Table 3, Figure 8).
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Table 3. PD-L1 pattern of distribution in Tumor margins adjacent to HNSCC.

B: Basal and parabasal, DEM: Dysplastic Epithelial margins, FB: Focal basal, HNSCC: Head and Neck
Squamous Cell Carcinoma, M/D: Tumor margin with higher scoring in each case, MNEM:
morphologically normal epithelial margins, P: Prickle/ Full thickness.

Figure 8. PD-L1 IHC pattern of distribution in EM adjacent to HNSCC excisional
tumor tissue. A. Representative image of PD-L1 negative EM. B. Aperio digital
analysis for the same margin as in A. C. Representative images of PD-L1 focal basal
positivity. D. Aperio digital analysis for the same margin as in C. E. Representative
images of PD-L1 basal and parabasal positivity in MNEM. F. Aperio digital analysis
for the same margin as in E. G. Representative image of Prickle/ Full thickness
positivity for PD-L1 in DEM. H. Aperio digital analysis for the same margin as in G.
IHC: Immunohistochemistry, HNSCC: Head and Neck Squamous cell carcinoma, EM:
epithelial margin, MNEM: morphologically normal epithelial margin, DEM:
dysplastic epithelial margin.
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PD-L1 in the IC infiltrate at the TM of excisional HNSCC tumor tissue

In OPMDs, the expression of PD-L1 in epithelial cells as well as underlying IC
infiltrate was shown to play a key role in forming an immunosuppressive TME through
binding of PD-L1 to PD-1 on the T-Cells, which leads to T-Cell inactivation, allowing for
the immune escape of OPMDs [40]. Here, we wanted to investigate if the IC infiltrate at
the tumor margins of HNSCC excisional tumor tissue would also express PD-L1.

Indeed, almost all of our cases of M/D (97%) were positive for PD-L1 expression
in the underlying inflammatory cell infiltrate (IC). Most of the M/Ds (85%) showed
positive PD-L1 expression in both M/D and IC (M/D +/High: IC+/High) as a compound positive
-/Low

score (CPS) phenotype, followed by 12% negative M/D with positive IC (M/D
IC+/High). Only 3% showed negativity in expression in both M/D and IC (M/D

:

-/Low

: IC

-

/Low

). None of the cases showed M/D +ve with underlying IC -ve (Table 4, Figure 9).

This suggested that the PD-L1 positivity in the M/D epithelium might be linked to
the activated IC infiltrate in the underlying stroma. The Expression of PD-L1 in the M/D
showed a significant statistical correlation with PD-L1 expression in the IC infiltrate (P=
0.0172) at the tumor margins of the excisional HNSCC tumor tissue (Table 5).
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Table 4. PD-L1 expression in Tumor margins in Correlation with expression in
underlying inflammatory cells infiltrate.

DEM: Dysplastic Epithelial margins, HNSCC: Head and Neck Squamous Cell Carcinoma, IC:
inflammatory cell infiltrate, M/D: Tumor margin with higher scoring in each case, MNEM:
morphologically normal epithelial margins, TM: Tumor margin.

Figure 9. PD-L1 expression in the TM of HNSCC in correlation with the underlying
IC. A. PD-L1 Positive M/D, Positive inflammatory cells (M/D+ / IC+) B. PD-L1
Negative EM, Positive Inflammatory cells (M/D- / IC+). C. PD-L1 Negative Tumor
Margins, Negative Inflammatory cells (M/D- / IC-). Insets showing low power view of
each. IHC: Immunohistochemistry. HNSCC: Head and Neck Squamous cell carcinoma,
IC: inflammatory cell infiltrate, M/D: Tumor margin with MNEM and DEM.TM: tumor
margin.

Fig. 18 Different Patterns of Inflammatory cell infiltrates underlying the Tumor margins.
A. Scattered inflammatory cells. B and C. Lichenoid pattern of inflammation. IHC:
Immunohistochemistry
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Table 14. PD-L1 expression in Tumor margins in Correlation with expression in underlying inflammatory
cells infiltrate (DEM: Dysplastic Epithelial margins), (HNSCC: Head and Neck Squamous Cell
Carcinoma), (IC: inflammatory cell infiltrate), (M/D: Tumor margin with higher scoring in each case),

Lichenoid pattern of IC infiltrate in Tumor Margins of HNSCC excisional tumor
tissue
The Lichenoid pattern of inflammation refers to the collection of dense infiltrates
of IC immediately below the overlying epithelium. It mainly presents in the form of a dense
subepithelial linear band of IC. Inflammatory cells can also be scattered. The lichenoid
pattern was noted in almost all of our cases (94%), with only 5 cases (6%) showing
scattered IC infiltrate in the underlying stroma (Table 5, Figure 10).

Figure 10. Different Patterns of Inflammatory cell infiltrates underlying the Tumor
margins. A. Scattered inflammatory cells. B and C. Lichenoid pattern of inflammation.
IHC: Immunohistochemistry
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Table 5: Summary of Histopathological characteristics in TM adjacent to HNSCC

Table 5: Summary of Histopathological characteristics in TM adjacent to HNSCC

M/D: Tumor margin with higher scoring in each case, HNSCC: Head and Neck
Squamous cell carcinoma, IC: inflammatory cell infiltrate

Fig. 21. PD-L1 (CD274) and IFN-γ tumor immune signature on
transcriptional level in a pair of TM & invasive Tumor islands
(HNSCC). A. Mapping of FFPE tissue section for M/D adjacent to
tumor; insets (B) & (D) and invasive HNSCC tumor inset (C). E.
nSolver Heat map analysis illustrating differential gene expression
profiles (GEP) of IFN-γ TIS and PD-L1. (FFPE: formalin fixed
paraffin embedded) (HNSCC: Head and Neck Squamous cell
Carcinoma) (TIS: Tumor immune signature) (TM: Tumor margin)
IHC: Immunohistochemistry
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Figure 38. Differential Basal level of expression of PD-L1 in OPMCs.
Immunoblot analysis demonstrating PD-L1 expression in OPMCs and the
downstream mitogenic pathways represented by p-S6 as surrogate downstream
reader of mTOR activation, p-ERK as reader of MAPK activation and MHC for

PD-L1 and IFN-γ gene signature in TM and invasive HNSCC Tumor islands

After analyzing the expression of PD-L1 using IHC and noticing the correlation
between the PD-L1 expression in the EMs with the underlying PD-L1 +ve IC infiltrate, we
wanted to investigate the expression of PD-L1 and IFN-γ on a transcriptional level.

The IFN-γ immune signature is described as the set of genes expressed in response
to IFN-γ production by T cells, in the TME. Interestingly, it was described as a
discriminatory signature in HNSCC specimens of patients responsive to standard
immunotherapy [47].

We mapped 3 pairs of adjacent tumor margins (TM) and the area of tumor invasion
of three HNSCC tumor samples. One tumor margin of the three samples produced a high
quality of RNA as detected by the nanochip (Figure 11.A-D). Basic analysis of PD-L1 and
IFN-γ GEP in this pair of HNSCC Tumor and adjacent TM was run using basic NanoString
IO-360 analysis.

Both PD-L1 and IFN-γ GEP (CXCL10, CXCL9, IDO1, STAT1, and HLA-DRA)
were highly expressed in the area of tumor invasion compared to its TM. The opposite was
noted for IFN-γ gene, which was high in the TM and low in the area of the invasive tumor
tissue. The IHC analysis for the same case interestingly matched the GEP. The IHC and
GEP for the TM was PD-L1 low/-ve, while in the invasive tumor were PD-L1 high/+ve (Figure
11E).
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Figure 11. PD-L1 (CD274) and IFN-γ tumor immune signature on transcriptional
level in a pair of TM & invasive Tumor islands (HNSCC). A. Mapping of FFPE
tissue section for M/D adjacent to tumor; insets (B) & (D) and invasive HNSCC tumor
inset (C). E. nSolver Heat map analysis illustrating differential gene expression profiles
(GEP) of IFN-γ TIS and PD-L1. (FFPE: formalin fixed paraffin embedded) (HNSCC:
Head and Neck Squamous cell Carcinoma) (TIS: Tumor immune signature) (TM:
Tumor margin) IHC: Immunohistochemistry
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IV.

B. IFN-γ Upregulates PD-L1 Expression in OPMCs
PD-L1 in Oral Premalignant Cell Lines (Leuk-1 and DOK)

To investigate the basal level of expression of PD-L1 in oral premalignant cell liens
(OPMCs), we used Leuk-1 and DOK cell lines. Leuk-1 is a cell line established from a
dysplastic leukoplakia lesion adjacent to oral squamous cell carcinoma in a 47-year old
female [60], while DOK cell line was obtained from a tongue leukoplakia in a 57-year old
heavy smoker. This leukoplakia later evolved into frank invasive squamous cell carcinoma
[61]. Our data showed that PD-L1 was differentially expressed in both Leuk-1 and DOK
cell lines, with higher expression in the latter. NOKSI and HNSCC cell line WSU-HN6
were used as controls (Figure 12).

The NOKSI and WSU-HN6 showed higher PD-L1 levels compared to Leuk-1 and
DOK. Mitogenic pathways implicated in PD-L1 upregulation, including mTORphosphorylated S6 (p-S6)- and MAPK phosphorylated ERK (p-ERK) were detected. Major
histocompatibility (MHC) expression was also investigated. Less levels of pS6 were
detected in Leuk-1 and DOK compared to NOKSI and HN6. Interestingly pERK was
highest in DOK and corresponded with less MHC expression (Figure 12).
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Figure 12. Basal level of expression of PD-L1 in
OPMCs. Immunoblot analysis demonstrating PD-L1
expression in OPMCs: Leuk-1 and DOK. Mitogenic
pathways mTOR p-S6, MAPK p-ERK. MHC for antigen
presentation. OPMCs; oral premalignant cell lines,
NOKSI; normal oral keratinocytes spontaneously
immortalized. Leuk-1; Leukoplakic dysplastic OPMC.
DOK; Dysplastic oral keratinocytes, HN6; Head and neck
squamous cell carcinoma cell line of the base of tongue
(clinical stage T3N2bM0). GAPDH was used as a loading
control. ImageJ software was used for the digital
densitometry quantitation.
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IFN-γ treatment upregulates PD-L1 in DOK cell line

IFN-γ is a cytokine produced by the immune cell upon antigen recognition and
activation [51]. We observed higher level of IFN-γ in the TM compared to the paired
invasive HNSCC, while PD-L1 was higher in the invasive tumor (Figure 11). PD-L1
expression was also detected in OPMC (Figure 12) and the M/D epithelium of the
investigated excisional HNSCC samples (Table 11, Figure 8-10). Here, we wanted to
investigate if IFN-γ plays a role in the upregulation of PD-L1 by OPMCs.

We treated the DOK cell line with human recombinant (hr-IFN-γ) at harvested the
cells at different time points. Immunoblot showed PD-L1 expression was first detected at
6 hours of IFN-γ treatment. The level of PD-L1 increased upon treatment in a timedependent manner after IFN-γ treatment that peaked at 24 hours. Apparently, MHC
expression was not changed regardless of treatment or time. GAPDH was used as a loading
control (Figure 13A).

IFN-γ upregulates the p STAT3 at early time points

STAT3, one of the signal transducers and activators of transcription (STAT)
proteins family, is differentially activated in response to cytokines, growth factors, or
polypeptide ligands. Upon activation, it triggers fundamental processes, such as
proliferation, development, differentiation, inflammation, and apoptosis. Moreover, it is
also related to angiogenesis and proliferation of cancer cells [62]. Interestingly, STAT3 has
been implicated in initiation of apoptosis downstream of IFN-γ in melanoma cells by
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activating caspase 7. Thus, we wanted to see the effect of hr-IFN-γ treatment on pSTAT3
and caspase 7 in the DOK cell line.

Overall, the phosphorylation of STAT3 fluctuated over time. Interestingly, pSTAT3
was upregulated in response to IFN-γ treatment at an early time point starting at 15 minutes
after treatment gradually increasing until 1 hour, after which it dropped significantly
(Figure 13 A). pSTAT3 was noted to be upregulated in the IFN-γ treatment at 24 and 48
hours, compared to the untreated. Which also coincided with PD-L1 upregulation in the
treatment group. However, activation of pSTAT at the later time points was generally less
than at early time point activation (Figure 13A). It was observed that both the
phosphorylation (pSTAT3) and the expression of total STAT3 were always higher in the
treatment compared to the non-treated control (15 minutes, 24 hours and 48 hours). Another
observation was that PD-L1 upregulation started at a later time point after the p-STAT3
started upregulation (Figure 13A). Cleavage of caspase 7 was noted starting at 24 hours.
Although caspase cleavage does not seem specific to IFN-γ treatment, it was noted that it
increased significantly in the treatment groups at 24 and 48 hours compared to the untreated
control. (Figure 13A).

IFN-γ upregulates the mTOR mitogenic pathway in DOK cell line

The mitogenic pathways mTOR and MAPK were implicated in PD-L1
upregulation [63],[64] (Figure 4). So, we wanted to check the effect of DOK treatment by
hr-IFN-γ on downstream pS6 and pERK. We noticed that at 48 hours, IFN-γ treatment
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upregulated the pS6, compared to the untreated control. On the other hand, there was no
obvious difference in ERK phosphorylation between the treatment and no treatment groups
at the same time point (Figure 13 B, C).

Figure 13. Effect of treatment of OPMCs by hr-IFN-γ on the expression of PD-L1,
and intrinsic cell signaling molecules. A. hr-IFN-γ upregulates PD-L1 in OPMCs.
Immunoblot analysis demonstrating time-dependent PD-L1 upregulation in OPMCs
in response to hr-IFN-γ treatment. p-STAT3 upregulation at 0.25min. Weak Caspase
7 cleavage detected at 24 hr and 48hrs in the treatment group. B. Post IFN-γ treatment
effects on p-ERK as reader of MAPK activation. C. Post IFN-γ treatment effect on
p-S6 as surrogate downstream reader of mTOR activation. (OPMCs; oral
premalignant cell lines), (NOKSI; normal oral keratinocytes spontaneously
immortalized), (Leuk-1; Leukoplakic dysplastic OPMCs), (DOK; Dysplastic oral
keratinocytes), (HN6; Head and neck squamous cell carcinoma cell line of the base
of tongue). ImageJ software was used for the digital densitometry quantitation. All
values were normalized to expression at 15 minutes no treatment. In PD-L1, values
were normalized to expression at 6 hours, while in p-ERK, ERK, pS6 and S6, values
were normalized to control of no treatment at the same time point.
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DISCUSSION

Cellular morphological changes and abnormal maturation of the mucosal
epithelium (a.k.a Epithelial dysplasia) is the histological criteria upon which lesions with
MT potential are diagnosed. It is the standard of care that dictates whether therapeutic
intervention should take place [2].

Although MT risk was reported to be higher with moderate and severe dysplasia,
the MT potential reported in the literature is highly variable [6]. There is a great subjectivity
between pathologists in the grading of dysplasia [2]. Sometimes, these morphological
changes cannot be seen in tissue sections; thus, an OPMD can be examined and judged as
“morphologically normal” while it has accumulated underlying molecular and genetic
alterations [20]. These pitfalls have triggered intensive research in the field of OPMDs to
enhance the process of early detection and prevention of oral cancer.

Several aspects of oncogenesis have been investigated, with a wide spectrum of
underlying genetic mutations that translates into transcriptional or proteomic biomarkers.
Early in the field, cell cycle regulators like p16, TP53, cyclin D1, or mitogenic pathways
upregulation, ex EGFR, and mTOR pathways have been described, that was linked in part
to the morphological changes observed [65].

Later on, the role of epigenetics was introduced with a dysregulation in chromatin
modulating factors like EZH2 described to play a role [66]. Keratin maturation ex. Keratin
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4, 13 and cornulin was also involved [67]. The role of the microenvironment and
inflammatory cytokines such as TNF-α and IL-6, emerged as important factors [68].
Angiogenic factors like VEGF-A and VEGFR2 [69], and protein biomarkers such as
ALDH1, podoplanin, and survivin were also described [70].

Most recently, interest has been directed towards further understanding of the
interaction between the immune system and the molecular changes occurring in the
overlying surface mucosa [38]. With the role of PD-L1 in advancing and revolutionizing
how we understand the interaction between the immune cells and malignancy in general
[40]. Our current study aimed to understand the regulation of PD-L1 in OPMDs and
highlighted the importance of PD-L1 as a biomarker that could be easily used as a standard
of care, to aid the pathologists in their process of decision making upon examining OPMDs.

Despite the presence of extensive research on the expression of PD-L1 in HNSCC,
OSCC or in OPMDs [40,71,80,81,72–79], the expression of PD-L1 in the MNEM and
DEM adjacent to invasive HNSCC tumors and its correlation to the underlying IC infiltrate,
was not reported. Our study aimed at setting the base for different patterns of expression
of PD-L1 in the epithelial margins of cases that have already transformed into frank
malignancy. Our data showed that 83% of the TM of frankly invasive malignancies were
PD-L1 positive, whether focal basal or prickle/full-thickness (Table 3,5). All these
expression phenotypes were considered positive, and care should be taken by pathologists
to observe all those patterns of positivity in OPMDs, as a potential alarm towards future
MT. This is in alignment with previous studies that showed patients with PD-L1 negative
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epithelial score to have a 5-year malignant-free survival rate of 96.2%. While the survival
rate for those with a high PD-L1 score was 51.4% [40].

An important finding in the current work is the lichenoid pattern of inflammation
observed in 94% of our cases (Table 5). This is consistent with others describing a
significant association between PD-L1 expression and the density of IC infiltrate in oral
dysplastic lesions [82],[40] highlighting the significance of our findings of a positive
association between PD-L1 expression in the IC and PD-L1 positive EM (P=0.017) (Table
5). However, in contrast to our study, one study reported that PD-L1 expression was
negative in both healthy controls as well as in DEM. In our cohort, PD-L1 was negative in
41% and 16% of MNEM and DEM, respectively. It is worth mention that the sample size
of the dysplastic cases included in our study is larger than the samples previously reported
[80]. The GEP analysis of the invasive tumor and its TM complemented our understanding
of why the histologically inflamed tissue can reflect an immunosuppressive TME (Figure
11). It suggested that PD-L1 upregulation by the invasive tumor can be a response to the
sustained IFN-γ production by the IC. That leads to inhibition of T cells activation and
upregulation of IFN-γ response gene signature that can harbor immune suppressive
molecules in the invasive TME. Although our data comparing the TM GEP to the invasive
tumor are very interesting, more samples are to be investigated.

Further understanding of the basic immunoregulatory mechanisms behind the PDL1 expression in the TMs tissue was revealed in our in vitro analysis. Our data showed that
the basal level of expression of PD-L1 in OPMCs were less than both normal (NOKSI) and
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cancer (HN6) control cell lines, with the latter being the highest. This reflects the immune
escape capabilities of cancer cells (Figure 12). PD-L1 expression was previously described
in normal oral fibroblasts and OSCC cell lines [83], being higher in the latter, similar to
our study. However, our study is the first to show the basal level of PD-L1 expression in
OPMCs (Figure 12).

The finding that PD-L1 expression was lower in OPMC compared to NOKSI and
HN6 (Figure 12), might reflect the possibility that OPMD is more likely to be eliminated
by the activated IC. This can interpret the clinical observation, in instances when
spontaneous disappearance of some OPMDs occurs. However, the upregulation of PD-L1
in response to IFN-γ (Figure 13A), represents their potential to undergo into an equilibrium
phase with the ICs and eventually escape to overt malignancy.

Our data represent the first evidence for the role of IFN-γ in upregulation of PD-L1
expression by OPMCs, as a mechanism of immune escape (Figure 13A). The late time
point of PD-L1 upregulation (peak at 24 hr) post IFN-γ treatment, suggests regulation at
transcriptional level. This is similar to what was described before in human OSCC cell
line (Tca8113) [63]. Which stated that inducible expression of PD-L1 by IFN-γ in OSCC
cell line is both time and dose dependent. In their study, the expression of PD-L1 post
treatment was very low starting at basal time point. It remained unaffected after treatment
until 12 hours, then gradually started increasing at 24 hours. Finally, it reached a peak at
48 hours post IFN-γ treatment, followed by a significant decrease.
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Our data also showed that IFN- γ induced phosphorylation of STAT3 can be an
upstream event to PD-L1 upregulation (Figure 13A). The upregulation of pSTAT3 at an
early time point in response to IFN-γ, suggests a role in PD-L1 translation and
transcription, as PD-L1 upregulation was observed at a later time point. The pSTAT3 was
still higher in the treated group compared to untreated at 24hr- that peaked at 48- hr postIFN-γ treatment, that was concurrent with the PD-L1 upregulation in our OPMC.
Interestingly, in colorectal carcinoma, the upregulation of PD-L1 in response to growth
factors was found to be through the STAT3 pathway [62].

However, the level of STAT3 phosphorylation at 24- and 48-hours post-treatment
was not as high as early time points. This might be explained by the fact that STAT3 can
be inhibited by pSTAT1 activated downstream of IFN-γ [32]. We might further explain the
fluctuation in pSTAT3 by the fact that we performed a one-time treatment of IFN-γ, on
contrary to the melanoma cell line model, which had the constitutive expression of IFN-β.
The same group also showed that PD-L1 counteracted the IFN- β mediated cytotoxicity in
generated melanoma cell lines with active PD-1/PD-L1 axis [84]. PD-L1 knockout
melanoma cells showed stronger and faster phosphorylation of pSTAT3 downstream IFNβ. Although this might explain in part the downregulated pSTAT3 observed after PD-L1
upregulation in the current OPMC, the down regulation of pSTAT3 was also observed in
the untreated group, suggesting that other factors are playing a role in regulation of pSTAT3
(Figure 13A).
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IFN-γ mediated upregulation of PD-L1 was previously described to be through
activation of phosphorylation of Protein Kinase D (PKD2) in the OSCC cell line, with
significant pPDK2 upregulation at 48 hours post-IFN-γ treatment [63]. PD‑L1 was also
reported to promote HNSCC cell growth through mTOR signaling [64]. The fact that PDL1 was upregulated as early as 12 hrs, and pS6 was detected at 48 hrs, post-IFN-γ
treatment, suggests pS6 activation to be downstream PD-L1 upregulation in our OPMC.
That represent an alternative mechanism by which PD-L1 can induce oncogenic pathways
in OPMC cells and shift the balance towards malignancy (Figure 13B).

Our model also detected weak signals of cleaved caspase 7 at the treatment group
compared to the untreated (Figure 13A). Suggesting a co-existing attempt in the OPMC
cells to undergo apoptosis downstream of IFN-γ/pSTAT3. In a melanoma model, an
increase in both STAT3/ pSTAT3 and caspase 7 was observed in response to IFN-β in PDL1 knock out cells (Figure 5) [84].

In summary, the interaction between OPMCs and IC can be divided into two steps.
An early step in which the IC detects the OPMC and tries to exert its cytotoxic activity,
through secretion of IFN-γ that activates the apoptotic pathway to eliminate this cell. This
was simulated in our in vitro model treating the DOK OPMCs with hr-IFN-γ, causing
upregulation in phosphorylation of apoptotic pathway marker (pSTAT3)/caspase 7 at an
early time point. The second or later step, is the upregulation of PD-L1 by the OPMCs in
response to the elimination trial by the hr-IFN-γ (Figure 13A). That the PD-L1 induction
was followed by pS6 upregulation. Further studies should be performed on PD-L1 knock
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out in OPMCs to prove its central role in contributing to overcoming interferon-mediated
killing as a mechanism for the immune escape of OPMDs and shifting the balance towards
malignancy.

Taken together, the data from the PD-L1 IHC, GEP and in vitro analysis, set the
bases for the importance of PD-L1 testing in OPMDs to identify high-risk OPMD lesions.
It opens new avenues for individualized immunotherapy using monoclonal antibodies
against PD-L1 in patients whose OPMDs express PD-L1, to prevent MT. Our data provide
better understanding of the concept of immunoediting in the context of OPMDs [40], in
which the interaction between the IC and EC can decide the fate of the OPMD. It will either
proceed towards the phase of escape into frank malignancy by upregulation of one of the
immune suppressor checkpoints, in our case PD-L1, or to be eliminated by the cytotoxic
immune cell mediated apoptotic pathway.
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CONCLUSION

To our knowledge, this is the first study to investigate the correlation between PDL1 expression in the immune cell infiltrate and the overlying epithelial margins adjacent to
invasive HNSCC excisional tumor. We conclude that PD-L1 is expressed in 86% of the
EM of invasive tumors and is significantly associated with PD-L1 expression in the
underlying IC infiltrate.

Our work is also the first to show the effect of IFN-γ treatment on the upregulation
of PD-L1 in OPMCs. Overall, our work suggests a role for IFN-γ/PD-L1 in the immune
escape of OPMCs, in their dynamic microenvironment (Figure 14).

Figure 14. Diagrammatic illustration of our conclusion in the OPMD
microenvironment. PD-L1 expression in the overlying OPMD epithelium is
directly associated with its expression in the underlying IC infiltrate, as well
as the density and pattern of inflammation. Our data suggest that the
upregulation of PD-L1 in the EM is in response to IC-produced IFN-γ. At an
early time point, ICs detect overlying epithelial cells that harbors genetic
alteration and aim to destroy them through IFN-γ mediated apoptotic pathway
represented by caspase 7. Interestingly, PD-L1 upregulation in response to
IFN-γ, followed by pS6 activation represent a mechanism of immune escape
of OPMDs.
46

SIGNIFICANCE
Our work introduces the role of IFN-γ/ PD-L1 in the MTP of OPMD. It confirms
PD-L1 as both a predictive biomarker and therapeutic target for the prevention of MT of
OPMDs. This opens new avenues for the use of anti-PD-L1 immunotherapy for cancer
prevention. Especially that PD-1/PD-L1 axis inhibitors are already FDA approved anticancer immunotherapy in HNSCC [57] with the ultimate goal of improving the overall
survival compared to standard of care.

FUTURE DIRECTIONS
Several aspects by which IFN-γ /PD-L1 interaction can influence the MT potential
of OPMCs are still to be investigated. Further in-vitro and in-vivo analysis of the effect of
PD-L1 knockdown on the restoration of IFN-γ mediated apoptosis in OPMCs, would be of
clinical significance. The translational approach of targeting PD-L1 for inhibition in
OPMDs using anti-PD-L1 treatment as a preventive therapeutic strategy is yet to be
pursued.
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