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Abstract

The programmed-death-ligand-1 (PD-L1) is an immune-modulating molecule that is
constitutively expressed on various immune cells, different epithelial cells and a mul-
titude of cancer cells. It is a costimulatory molecule that may impair T-cell mediated
immune response. Ligation to the programmed-death-receptor (PD)-1, on activated
T-cells and further triggering of the related signaling pathways can induce T-cells
apoptosis or anergy. The upregulation of PD-L1 in various cancer types, including
oral squamous cell carcinomas, was demonstrated and has been linked to immune
escape of tumors and poor prognosis. A bidirectional relationship exists between the
increased PD-L1 expression and periodontitis as well as the epithelial-mesenchymal
transition (EMT), a process of interconversion of epithelial cells to mesenchymal cells
that may induce immune escape of tumors. Interaction between exosomal PD-L1 and
PD-1 on T-cells may cause immunosuppression by blocking the activation and prolif-
eration of T-cells. The efficacy and importance of treatment with PD-1/PD-L1 check-
point inhibitors and their prognostic influence on human cancers was demonstrated.
Regarding PD-1/PD-L1 checkpoint inhibitors, resistances exist or may develop, basing
on various factors. Further investigations of the underlying mechanisms will help to
overcome the therapeutic limitations that result from resistances and to develop new

strategies for the treatment of cancer.
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1 | INTRODUCTION

The bacterial challenge induces an inflammatory host response

that induces the destructive processes of the periodontium.1 Over

Periodontitis is characterized by a chronic inflammation that is ini-
tialized by a microbial biofilm that over the time leads to the destruc-
tion of periodontium.

Tooth-attached microbial biofilm that adhere to the teeth=tooth

plaques are prerequisite but not the only cause of periodontitis.

700 bacterial species were detected in the oral biofilm.? From this
number 300 were demonstrated to administer to the periodontal
pockets biofilm. The number of bacterial species that are closely as-
sociated to initiation and progression of periodontal diseases was

found to be considerably smaller.®
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Porphyromonas gingivalis (P. gingivalis), a gram-negative coc-
coid anaerobic and asaccharolytic rod, is prevalently detected in
the oral cavity and regarded as one of the keystone pathogens of
periodontitis.*

The programmed death ligand 1 (PD-L1) is known as immune-
modulating molecule that is constitutively expressed on cells of
the myeloid cell lineage, including macrophages and dendritic cells
(DCs).>” In epithelial and endothelial lineages of the lymphoid sys-
tem, it is expressed after activation by interferon (INF)-y and tumor
necrosis factor (TNF)-a.8 PD-L1isa ligand for the programmed death
receptor (PD)-1, that is described as inhibitory receptor expressed on
activated CD8" cells. Originally, the PD-1 receptor was regarded as a
death receptor which expression is initiated by T-cell activation.”*?
PD-1 gene-knockout mice exhibit excessive immune response and
are drawn to the spontaneous development of autoimmune diseases,
suggesting that PD-1 is a member of the mediators of inhibitory sig-
nals of immune cells including T-cells.?>** PD-L1 is expressed widely
in B-cells, activated DCs, monocytes, T-cells, epithelial cells, and pe-
ripheral tissues.””>1 PD-L1 was demonstrated to play an import-
ant role in the regulation of T-cell activation and function.®!>718
Although there is evidence that PD-L1 co-stimulation may increase
T-cell activation during the immune response, other studies support
the assumption that PD-L1 co-stimulation suppresses immune reac-
tions.}?"22 The PD-L1 - PD-1 interaction results in PD-1-initiated op-
position of downstream signaling after T-cell receptor (TCR) ligation
and CD28 co-stimulation.?® The binding of PD-L1 on PD-1 causes
phosphorylation of immune-receptor tyrosine-based inhibitory mo-
tifs and immune-receptor tyrosine-based switch motifs in the intra-
cellular domain of PD-1. This process leads to the recruitment of
phosphatase sarcoma and cellular tyrosine-protein kinase (src) ho-
mology region 2 domain-containing phosphatase (SHP)-1 and SHP-2
to the intracellular PD-1 domain, which is located close to the TCR.
SHP-1 and SHP-2 dephosphorylate the immune-receptor tyrosine-
based activation motifs of the TCR, which suppresses downstream
signaling of the TCR.2* PD-1 impedes activation of the phosphoinos-
itide 3-kinase (PI3K)/protein kinase B (PKB) pathways and conse-
quently prevents cytokine production and the survival, proliferation
and production of cytokines of cytotoxic CD8* T-cells.?®> PD-L1 also
interacts with the CD80 (B7-1) molecule, that is expressed on the
surface of CD8* T-cells. The initiated downstream signaling of CD80
still is not completely understood but studies reported that CD8"
T-cell function is similarly affected as downstream signaling of the
PD-L1 and PD-1 interaction.?¢-28

It was shown that, in gastric epithelial cells (GECs), Helicobacter
pylori (H. pylori) induced the expression of PD-L1, and co-incubation
of these PD-L1-expressing GECs with naive T helper cells supported
the development of CD4* CD25" FoxP3* regulatory T-cells (Tregs).?’

Using a mouse model with silenced PD-L1 the crucial importance
of PD-L1 in regulating induced Treg (iTreg) development and con-
tinual induced (i) Treg function could be demonstrated. The results
of this study revealed that PD-L1 itself regulates iTreg cell devel-
opment, and enforces and sustains Foxp3 expression and the sup-
pressive function of iTregs. Thus, PD-L1 is able to suppress T-cell
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responses by promoting the induction as well as the maintenance
of iTreg cells.®°

Since periodontitis is a prototype of a locally destructive chronic
inflammatory process it has been linked to increased cancer risk. In
a review by Nwizu et al.?! this has been addressed. The authors re-
ported that evidence provided through well-designed prospective
cohort studies supports an association of periodontal disease and
overall cancer risk, and risk of certain specific cancer sites, including
cancers of the lung and upper digestive tract. Although head and
neck cancers comprise a heterogeneous group of conditions with
varying risk factors, the existent literature points to a positive asso-
ciation between periodontitis and head and neck cancer risk.

This review aims to shed light on what is known about the in-
terplay between periodontitis as a disease the goes along with en-
hanced bacterial burden and chronic inflammation, both conditions
that are known to be strongly associated with cancer, PD-L1 as one
of the most important immune modulatory ligands and the develop-
ment and progression of carcinomas.

2 | PD-L1 AS A MECHANISTIC LINK
BETWEEN PERIODONTITIS AND ORAL
CANCER

Actual studies revealed that the PD-1/PD-L1 pathway plays a role in
periodontitis. PD-L1 is physiologically expressed on the oral masti-
catory mucosa in the oral cavity, and the expression is regulated as
well on basal keratinocytes as on prickle cells. PD-L1-expressing ke-
ratinocytes are important in the regulation of CD4" T-cell-mediated
local tissue inflammation and thus provide protection against exac-
erbated tissue damage.%?

Results from studies that investigated the role of PD-L1 in peri-
odontitis provided evidence that in subjects with chronic periodon-
titis, increased PD-L1 expression was found on leukocytes from the
peripheral blood and furthermore in biopsies from gingival lesions in
comparison to samples from healthy individuals.®® In further studies,
it was shown in vitro that PD-L1 expression can be induced on peri-
odontal ligament cells (PDLCs) by inflammatory cytokines and peri-
odontal pathogens.34 In human gingival fibroblasts (HGFs) derived
from a periodontally healthy group and a periodontal inflammatory
group it was demonstrated that PD-L1 mRNA and protein levels
in HGFs in the periodontal inflammatory group were significantly
higher than those in the periodontal healthy group. Furthermore,
stimulation with lipopolysaccharide (LPS) caused enhancement of
PD-L1 mRNA levels in HGFs from both groups, with a higher peak
in the periodontal inflammatory group compared to the periodon-
tal healthy group. PD-L1 protein expression was only upregulated
in the inflammatory group. Inhibition of the p38 mitogen-activated
protein kinase (MAPK) pathway in HGFs diminished p38 phosphor-
ylation in both groups but reversed the LPS-caused enhancement in
PD-L1 mRNA and protein levels only in the inflammatory group.35 In
animal models, experimental periodontitis was used to demonstrate

an association of lower levels of PD-L1 on cells with more severe
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periodontitis, while higher PD-L1 levels on cells were linked to less
severe periodontitis.>* A direct correlation between periodontal
tissue destruction and PD-L1 amounts could not be established.
Nevertheless, possibly high expression of PD-L1 induce immune-
suppressive processes that can limit inflammatory tissue damage.

1.3¢ investigated the expression of 22 chemokines and

Tymkiw et a
cytokines in gingival crevicular fluid (GCF) from healthy in compari-
son to diseased sites of subjects with periodontitis and demonstrated
that periodontitis patients show significantly increased cytokine and
chemokine profiles. In a subsequent study, it was analyzed, if PD-L1
is detectable in archived GCF of these individuals and if a correla-
tion of the levels of inflammatory chemokines and cytokines can be
shown in diseased as well as healthy sites in periodontitis patients in
comparison to sites in healthy subjects. The amount of PD-L1 cor-
related with 15 of 22 chemo- and cytokines. In healthy sites, PD-L1
levels were negatively correlated with 4 cytokines and chemokines;
diseased sites revealed that PD-L1 values are positively correlated
with 9 chemokines and cytokines and negatively correlated with 2
cytokines. The authors concluded that relationships between PD-L1
and these 15 chemokine and cytokine responses exist. In summary,
this study group reported the detection of PD-L1 in GCF and fur-
thermore that the PD-L1 amounts did not vary very much between
diseased and healthy sites, and that PD-L1 levels correlated with 15
of 22 cytokine and chemokine concentrations.®”

PD-L1 mRNA was detected in saliva from patients with peri-
odontitis and the levels were shown to be correlated with the sever-
ity of the disease.’® An approach was developed to detect exosomal
PD-L1 in saliva of patients suffering from periodontal as well as sys-
temic diseases.®® A connection between the PD-1 or PD-L1 expres-
sion and periodontal diseases was also established by investigation
of the expression of the checkpoint on T-lymphocytes from patients
with periodontitis versus healthy controls. The expression of PD-1
and of PD-L1 was demonstrated to be significantly enhanced on
CD4* and CD8" T-lymphocytes from periodontitis patients com-
pared to controls and the level of the expression diminished after
therapy.®? The results of another study implied that expression of
PD-L1 was significantly increased in periodontal tissue of rather mild
chronic periodontitis versus severe periodontitis, suggesting a neg-
ative regulation of the inflammatory periodontal tissue damages by
PD-L1 upregulation.40 Lesions of apical periodontitis were shown to
be more infiltrated by PD1+ and PD-L1+ lymphocytes and to ex-
press enhanced cytokine levels compared to control samples.** A re-
cent study could demonstrate that mesenchymal stem/stromal cells
isolated from dental pulp, gingival tissue, and periodontal ligament
all exhibited upregulated PD-L1 and presented immuno-regulatory
properties comparable to those from bone marrow mesenchymal
stem/stromal cells.*? The upregulation of PD-L1 in cells may be in-
duced by pathogenic bacteria including P.gingivalis. This was shown
in human gingival keratinocytes and using the SCC-25 and BHY
oral squamous cell carcinoma (SCC) cell lines.*® In mice that were
infected with P. gingivalis a significant enhancement of the expres-
sion of PD-1 and PD-L1 was found in CD4™ T-cells and CD11b™ cells.
The upregulation of PD-1 was completely dependent on interleukin

(IL)-10 signaling in contrast to PD-L1, which wasn't.**

The upregula-
tion of PD-L1 can frequently be detected in an inflammatory state,
which may lead to modifications of the immune response by down-
regulating active T-cells. An increased expression of PD-L1 possi-
bly affects the immune system and thus supports chronic bacterial
infections. Investigations of the mechanism by which P.gingivalis
causes PD-L1 expression in gingival keratinocytes revealed that the
upregulation can be induced by membrane fractions of the bacteria
(inner as well as outer membrane fractions), and implies that pepti-
doglycans attached to these fractions within the periplasm are re-
sponsible for the PD-L1 upregulating effect.*® By this mechanism,
P.gingivalis depletes the PD-1/PD-L1 checkpoint to enable immune
evasion to the host response and to augment the infection and
support development and progression of carcinomas by suppress-
ing an adequate anti-cancer response of the host's immune system
(Figure 1). This hypothesis was recently confirmed by demonstrating
that the peptidoglycans were internalized into oral carcinoma cells
by bacterial outer membrane vesicles which in turn triggered cyto-
solic nucleotide-binding oligomerization domain-containing protein
receptors to induce PD-L1 expression using a receptor-interacting
serine/threonine-protein kinase (RIP)2 dependent mechanism.*®

Head and neck cancer is the eighth most common cancer world-
wide, accounting for 834000 cases and 431000 deaths in 2018.48
Frequently it is localized in the oral cavity and lips, but cancer also
can develop in the nasopharynx, hypopharynx or oropharynx. The
amount of head-and-neck squamous cell carcinomas (HNSCCs) from
head-and-neck cancers is 90%, and the discovery of this malignancy
occurs mostly in advanced stages.49’5° Immune-modulation at tumor
sites is a critical mechanism that allows tumor cells to evade immune
response. Membrane-bound and also soluble molecules and factors
are upregulated in tumor sites, and potentially affect the immune re-
action.”>>2 Results of studies suggest that the PD-1/PD-L1 pathway
regulates tissue/organospecific tolerance in healthy sites and may
participate in the immune evasion of cancer cells.>%%54

The interplay between PD-L1 and PD-1 in the tumor microen-
vironment supports tumor survival in various ways, i.e., ligation of
PD-1 and PD-L1 on antigen-specific T-cells induces functional an-
ergy and/or apoptosis of effector T-cells, which in turn probably
promotes tolerance, and reverse signaling through PD-L1 directly
protects tumors from apoptosis.>>>~>’ By upregulating PD-L1 ex-
pression following cancer-induced immune response, the PD-1/
PD-L1-mediated evasion of tumor immunity can be described as an

“adaptive resistance” (Figure 2).%8

3 | PD-L1IN HEAD-AND-NECK CANCER

In a review paper on the role of the PD-1/PD-L1 pathway in SCCs
of the head and neck the authors came to the conclusion that fusion
proteins and antibodies that can block PD-L1 and PD-1 interactions
are promising targets for treatment of solid tumors even in advanced
stages.” Clinical trials for PD-1 or PD-L1 blockade are ongoing and
it was shown that PD-L1 blockade by a monoclonal antibody (mAb)
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FIGURE 1 PD-L1 as mechanistic link between periodontitis and cancer. The PD-1/PD-L1 checkpoint in periodontitis: Bacterial
peptidoglycans (i.e. P.gingivalis, F. nucleatum) may induce the upregulation of PD-L1 and PD-1 expressed on gingival keratinocytes and
lymphocytes T-cells. The PD-1/PD-L1 interaction causes immune suppressive effects that contribute to the process of periodontitis.
PD-L1- expression inhibiting drugs or PD-L1 functional blockage could be useful to revers immune escape and inflammation linked with

periodontitis. Modified after Bailly et al.*’

efficiently reinforced the outcome of adaptive T-cell immunotherapy
in a murine model of PD-L1-transfected SCC and inhibited the de
novo growth of induced PD-L1-positive SCC.°%¢! These results in-
dicate a potential therapeutic usability of PD-L1-blockade in clini-
cal settings. In esophageal SCC, PD-L1 and PD-L2 expression levels
were closely correlated, and it was shown that PD-L1- and PD-L2-
positive patients encountered significantly poorer prognoses than
patients who expressed neither PD-L1 nor PD-L2, although no sig-
nificant evidence for a correlation between PD-L1 expression and
the number of tumor-infiltrating lymphocytes could be detected.%?

The upregulation of PD-L1 in host cells may contribute to the
chronicity of inflammatory disorders that frequently precedes the
development of cancers.®® In cells originating from cancers of the
lungs, ovary, colon, skin, the brain, kidneys, esophagus, stomach,
and the breast, the expression of PD-L1 was demonstrated to be
upregulated.>¢19264-7 These types of cancers are usually accom-
panied by chronic inflammation. Oral cancers belong to the 10 most
common neoplasms.68 In addition to tobacco and alcohol, other risk
factors such as infections and poor oral hygiene were shown to be
relevant.68-71

Oral SCC tissue samples showed enhanced PD-L1 expression
compared to oral mucosa of noncancerous controls, and an asso-
ciation of the increased expression of PD-L1 messenger ribonu-
cleic acid (mRNA) in tissue of the malignancy was found. Oral SCC
(OSCC) patients with advanced tumor grades and patients exhibiting
lymph node metastases were also demonstrated to be linked to the

increased PD-L1 mRNA expression in peripheral blood cells. This
led to the conclusion that the PD-L1 expression in OSCC possibly
supports the immunosuppressive properties in the local tumor mi-
croenvironment and that the enhanced malignant behavior might be
associated with PD-L1-mediated systemic immune tolerance, which
indicates that PD-L1 expression in peripheral blood is a promis-
ing marker that a metastatic OSCC is existent.”? Individuals which
express raised membranous PD-L1 positivity and the presence of
tumor-infiltrating lymphocytes, were shown to have a decreased risk
of tumor recurrence.

It has been shown that stromal and immune cells in the microen-
vironment of human cancers upregulate the expression of inhibitory
B7 molecules such as PD-L1, and that this supports tumor immune
evasion.”

Together with tobacco and/or alcohol (ab-)use oral infections
and poor oral hygiene are classical risk factors for head-and-neck
cancer.?®7%7! |n over 50% of patients with HNSCC tumor metas-
tasis and recurrence were observed within 3years. Options for the
treatment of recurrent or metastatic (R/M) HNSCC are rare, causing
the poor prognosis of patients with R/M HNSCC as a consequence.
Additionally, a higher number of patients with R/M HNSCC exhibit
symptoms that are related to tumors, such as pain, respiratory or
nutritional disorders and hemorrhage, which severely worsen the
quality of life and limit the possibilities for follow-up treatments.

The 3-year survival rates of patients with renal carcinomas after
surgery are 71.5% and 69.1% in case of positive PD-L1 expression
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FIGURE 2 PD-L1 as mechanistic link between periodontitis and cancer. Adaptive resistance to tumor immunity mediated by PD-1/PD-
L1: After activation in lymphoid organs, tumorspecific T effector cells (Teffs) migrate into the tumor site and then develop tumor-infiltrating
lymphocytes (TILs). Following recognition of tumor antigens, TILs release cytokines including IFN-y, which induces the expression of PD-L1
in the tumor microenvironment. Binding to PD1, PD-L1 provides a suppressive signal to T-cells and an anti-apoptotic signal to tumor cells,

causing dysfunction of T-cells and tumor survival. Modified after Ghosh et a

while it was 84.9% and 91.8% for patients showing negative PD-
L1 expression.”*”® Less than 80% of patients with high-PD-L1-
expressing urothelial carcinomas survived 36 months after surgical
treatment, in comparison to patients with low-PD-L1-expressing
urothelial carcinomas.”® The results of the study from Groeger
et al.”’ support the conclusion that the expression level of PD-L1
may serve as prognostic marker for patients with oral SCCs. The
extend of PD-L1 and PD-L2 expression was investigated in 52 sur-
gically resected nonsmall cell lung carcinoma (NSCLC) patients, in-
cluding squamous cell and adenocarcinoma patients. The findings
suggest no existent correlation between the expression levels of
PD-L1 and PD-L2 and the pathological or clinical variables or with
the postoperative survival rate. In PD-L1-positive tumor sites sig-
nificantly lesser tumor-infiltrating lymphocytes (TILs) were detected
and the counts of PD-1+ TILs also were significantly lower in these

locations.”®

3.1 | Therapeutic aspects

Therapeutic attempts to inhibit the interactions between PD-1 and
PD-L1 provided promising clinical results for a number of different
tumor types. The anti-tumor effect of monoclonal PD-L1 antibodies
in a HNSCC dose-expansion cohort could be proven. One prerequi-
site for inclusion in the study was the exhibition of at least 1% PD-
L1 expression in the tumor samples. Sixty patients were identified

|58

and treated with the antibody. The highest response rate was 19.6%
(95% Cl, 10.2-32.4).7% In human OSCC cell lines the expression of
PD-L1 was also shown in vitro.® Furthermore PD-L1 upregula-
tion upon infection with the periodontal pathogen P.gingivalis was
detected in two OSCC cell lines and in primary and immortalized
human gingival keratinocytes in vitro.*® Groeger et al.”’ clearly re-
vealed the expression of PD-L1 in oral SCCs investigating cancerous
tissues that originated from various areas of the oral cavity. These
results provide evidence for in vivo expression of PD-L1 in OSCC at

different locations in the oral cavity.

3.2 | Inflammation and cancer

It was demonstrated that inflammation plays a critical role in cancer
development and progression.”’ A variety of different cancers origi-
nate from infected or inflamed localizations.8® Possibly the develop-
ment of malign tumors may be provoked by inflammatory cells, an
effect that similarly is started by various chemical mediators.”? 82
Chronic inflammatory conditions can cause damage of tissues that
in turn induces specific inflammatory cytokines. Expression of anti-
inflammatory or pro-inflammatory cytokines including IL-10, IL-4,
transforming growth factor (TGF)-p1, IFN-y or monocyte chemoat-
tractant protein-1 (MCP-1), was demonstrated to be specifically reg-
ulated during formation of premalignant lesions in OSCC tissue.8 T
helper (Th) cells, which are mainly involved in cancer immunology,

85U80|7 SUOWWOD aAFeaID 8|l [dde ay3 Aq pausenob are ssjolie YO ‘8sN JO Se|n. 10} ArIqiT8ulUO A8]IM UO (SUORIPUCO-PUB-SWLRY/LI0D" A8 | 1M ATelq 1 [BUI [UO//SANY) SUORIPUOD PUe S8 18U} 89S " [(7202/TT/L2] uo AkiqiTauliuo A )IM ‘BiseAun-BigeIT1-snisnt Aq 8/G2T pId/TTTT 0T/10p/w00 A8 1w Areiqiul|uo//sdny woly papeojumoq ‘T ‘vZ0Z ‘2G20009T



GROEGER and MEYLE

can be functionally categorized into Th1l, Th2, and Thl7 cells,
depending on the secreted cytokines and their immunological
profiles.84 Th2 cytokines (IL-4, IL-5, and IL-10) are regarded as anti-
inflammatory and have been linked to tumor-promotional effects.
The majority of Thl cytokines, represented by IFN-y, are classified
as pro-inflammatory cytokines that are associated with good prog-
nosis.®> Serum levels of IL-17A, TGF-p1, IL-4 and IL-10 were investi-
gated and it was shown that these levels were significantly elevated
in OSCC patients, while IL-2 and IFN-y levels were demonstrated to
be lower in OSCC patients in comparison to those of the controls.8¢
In OSCC patients, increased IL-10 and TGF-p1 and suppressed IFN-y
concentrations are related to the negative regulation of natural killer
(NK) cells.®”

Inflammatory cells combined with cytokines are responsible
for an inflammatory microenvironment in tumor tissue, which is
of major importance for all tumors and participates in tumor pro-
gression by promoting tumor cell survival, migration, proliferation
and immune evasion.””®88? Immune cells and their expressed mol-
ecules localized in the tumor microenvironment, play essential dual
roles in anti-tumor immunity and immune evasion, since malignant
tumors express phenotypes that indicate inflammatory response.
Inflammatory pathways are involved in the transformation, pro-
liferation, angiogenesis, invasion, survival, metastasis, radio- and
chemoresistance of cancers, providing evidence that the blockage
of inflammatory biomarkers may be useful for the prevention and
treatment of cancers.”%%? Inflammatory processes possibly sup-
presses tumors, but it also may promote development of cancers
and activation of immune evasive mechanisms by various signaling
pathways.”>%°

It was established that the immune system plays an essential
role in tumor growth and progression control. Increasing evidence
indicates that P. gingivalis is involved in the etiology of oral but also
of pancreatic and gastrointestinal cancers.?® The mortality of oro-
digestive cancers was shown to be related to periodontitis and to
the levels of P.gingivalis immunoglobulin G (IgG) in serum, which is
an independent marker of the severity of periodontitis. This finding
indicates that P.gingivalis possibly plays an important role in oral or
gastro-intestinal carcinogenesis.95

A number of epidemiological and clinical studies demonstrated
a positive relationship between periodontal disease or tooth loss
and the progression of cancers including oral cancer, gastric cancer
and pancreatic cancer.?®71°% The results of a meta-analysis revealed
that patients with periodontitis exhibit a 2.66-fold higher risk for the
development of oral cancer, and periodontitis was found to be an
independent risk factor for this malignancy.104

It was also reported that the serum levels of IgG and IgA for P.
gingivalis are significantly elevated in esophageal squamous cell car-
cinoma (ESCC) patients compared to those of non-ESCC controls.
ESCC patients in which high levels of IgG as well as IgA were de-
tected exhibited the worst prognosis. A multivariate analysis iden-
tified 1gG and IgA as independent prognostic factors, leading to the
conclusion of the authors that IgG and IgA against P. gingivalis may
be potential serum biomarkers for ESCC.%®
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Recently a study showed significantly elevated serum levels
of P. gingivalis 1gG and IL-6 in OSCC patients compared to non-
OSCC controls. High IL-6 serum levels were demonstrated to be
associated with a worse prognosis for OSCC patients. This sug-
gested the conclusion that P. gingivalis 1gG and IL-6 may serve as
potential serum biomarkers for the diagnosis of OSCC and that the
serum level of IL-6 may provide to the enhancement of prognostic
accuracy.'0®

Geng et al.106

aimed to analyze host genes that change the ex-
pression as the reaction to chronic P. gingivalis infection and thus
possibly contribute to the development of oral cancer. A compre-
hensive analysis of microarray data obtained from a chronic infec-
tion model of immortalized oral epithelial cells that were persistently
exposed to P. gingivalis for 15weeks was performed. Protein-pro-
tein interactions (PPIs) and network assays as well as an ingenuity
pathway analysis (IPA) were used to identify genes, hub genes, up-
stream regulators and major biological processes that potentially
participate in tumor initiation and progression. Gene expression was
validated, and genetic alterations of hub genes in clinical samples
from head and neck cancer tissues were shown. Concha-Benavente

et al.}’

investigated intrinsic and extrinsic cellular pathways down-
stream of epidermal growth factor receptor (ERGF) and IFN-y. The
results demonstrated a mechanism inducing the upregulation of PD-
L1 expression in head and neck cancer cells in the context of Janus
kinase (JAK)/signaling transductors and activators of transcription
(STAT) signaling pathway activation, Th1l inflammatory response
and human papilloma virus (HPV) status. In a large cohort of head
and neck cancer samples, it was shown that highly expressed WT
EGFR was significantly correlated with JAK2 and PD-L1 expres-
sion. Furthermore, PD-L1 expression was induced in an EGFR- and
JAK2/STAT1-dependent manner, and specific inhibition of JAK2
suppressed PD-L1 upregulation in tumor cells and increased their
immunogenicity. These results provide evidence that JAK2/STAT1
plays a role in EGFR-mediated immune evasion. Possible therapeutic
approaches targeting this signaling axis may be effective to inhibit
PD-L1 upregulation, which was shown in a large subset of head and
neck cancers.

The investigation of the mechanism of PD-L1 upregulation pro-
vides further interesting insights. First, it could be demonstrated
that viable and heat-killed bacteria were able to induce PD-L1 up-
regulation, suggesting that the bacterial component responsible
for this induction does not depend on the viability of the bacteria.
These findings were the base for further attempts to identify the re-
sponsible components by preparing bacterial fractions. Preparation
of the bacteria into a cytosolic, total membrane and separate outer
and inner membrane fractions increased the ability to differentiate
between different bacterial components. The results of these exper-
iments showing stimulation of primary and malignant oral epithelial
cells with the different components revealed that the causal agent is
localized in the total membrane fraction.*

Under noninfected, physiological conditions, co-inhibitory path-
ways such as the PD-L1 pathway, play an essential role in the main-
tenance of self-tolerance, and they protect against excessive tissue
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damage caused by the immune response. These pathways function
as immune checkpoints that protect against possible unsolicited and
harmful self-directed responses, an essential function that supports
the prevention of autoimmunity.'°81%?

It was demonstrated that additionally to immune-suppressive
cytokines such as IL-10, IL-13 and TGF-p, PD-L1 levels are elevated
in saliva from patients with oral cancer or salivary gland carci-
noma.*%1!! saliva-derived exosome containing samples have been
analyzed as a possible source of biomarkers for periodontitis.nz'113
Exosomes are 30-100-nm membrane-encapsulated vesicles that
contain nucleic acid and protein loads. Eukaryotic cells are able to
secrete these vesicles.!!*

The content of cell-derived exosomes may include cargos that
possibly can be used as biomarkers. The exosomal content in saliva
was investigated for its use as a diagnostic and/or prognostic tool in
various diseases, including oral cancer, oral lichen planus, Sjogren's
syndrome and inflammatory bowel disease.1*>"118

The presence of PD-L1 mRNA has been demonstrated in peri-
odontitis.>**° Yu et al.®® investigated if PD-L1 mRNA is detectable
in salivary exosomes of periodontitis patients and to what extend
the level of exosomal PD-L1 mRNA correlates with the state of the
disease. This research group succeeded in isolating exosomal RNAs
from the saliva of periodontitis patients and compared them to those
from healthy controls. The results revealed higher levels of PD-L1
mRNA in patients than in controls. Furthermore, significant differ-
ences between the stages of periodontitis could be demonstrated.
These results suggest that analysis of exosome-derived PD-L1
mRNAs in saliva may possibly be used to distinguish individuals with
periodontitis from healthy individuals, with the levels correlating
with stage or severity of the disease.

The upregulation of PD-L1 on tumors is of clinical relevance for
the progression of the disease.''? The effects of P. gingivalis PGN on
tumor cells, especially the upregulation of receptors, make this gram-
negative anaerobic rod a pathogen comparable to H. pylori. Since
this mechanism is abundant in periodontitis and periodontal dis-
eases, antimicrobial therapy possibly is not only useful for improve-
ment of oral health but can also enhance general health, especially
in patients suffering from oral cancer. The formation and function
of osteoclasts induced by PGN of another periodontal pathogen,
Actinomyces (A.) naeslundii and inflammatory cytokine gene expres-
sion (IL-1p, IL-6, and TNF-«) were investigated by Sato et al.}?° The
results revealed increased bone resorption and elevated expression
levels of IL-1p, IL-6, and TNF-a. In experimental periodontitis, the
bone loss caused by A. naeslundii was similar to P. gingivalis induced
bone loss. These results support the hypothesis that the PDG of A.
naeslundii may be an important virulence factor in the development
and progression of periodontitis.

An actual study addresses the role of further oral bacteria in
oral SCC. Paired tumor and adjacent normal tissues from 37 oral
tongue SCC patients were used for 16S rRNA gene sequencing
and whole exome sequencing (WES). Additionally, RNA sequenc-
ing was performed in tumor samples. Fusobacterium was signifi-

cantly enriched in oral tongue cancer while Streptococcus and

Rothia were accumulated in adjacent normal tissues. Decreased
alpha diversity was demonstrated in tumors in comparison to the
neighboring normal tissues. The increased load of Fusobacterium
in tumor samples was found not to be associated with alterations
in the infiltration with immune cells, but it was associated with en-
hanced PD-L1 mRNA expression, so the effects of Fusobacterium
on the PD-L1 expression in head-and-neck SCC cell lines was
further investigated. The results showed that infection with
Fusobacterium species are able to upregulate as well PD-L1 mRNA
as surface PD-L1 protein expression on the used head and neck
cancer cell lines. The relation between Fusobacterium and the PD-
L1 expression in oral tongue SCC, combined with the capability
of the germ to increase the PD-L1 expression in vitro suggests a
potential importance of Fusobacterium on regulation of the tumor

immune microenvironment in head and neck cancer.*?!

4 | PD-L1 AND EPITHELIAL-
MESENCHYMAL TRANSITION (EMT) AS A
FACTOR IN TUMOR PROGRESSION AND
METASTATIC EXPANSION

The EMT is a highly dynamic process of interconversion of epithelial
cells to quasi- mesenchymal cells that demonstrate increased mo-
tility, invasive capacity and stem cell- like properties and express
resistance to several treatment strategies and immune-evasive and
immunosuppressive characteristics.}?? The EMT is a reversible cel-
lular programme that transiently transforms epithelial cells into a
mesenchymal-like cell state.}?>12¢ During this process, epithelial
cells proceed to lose their cobble-like typical epithelial aspect in
monolayer cultures to change into a spindle-shaped, mesenchymal
appearance. The developed quasi mesenchymal cells can revert back
to an epithelial morphology in the reverse process, named mesen-
chymal-epithelial transition (MET) (Figure 3). The EMT plays impor-
tant roles in distinct states of embryogenesis such as gastrulation,
tissue morphogenesis during development and wound healing in the
adult.}2312412¢ Fyrthermore, the malignant progression of many car-
cinoma types, most likely all of them, depends on activation of EMT
in neoplastic cells.}?”

Scientific advances found out that the EMT process induces up-
regulation of PD-L1 expression. Interestingly, the results of several
other studies also suggested that PD-L1 signaling plays is of impor-
tance for the maintenance of the EMT status in breast cancer, renal
cell carcinoma, glioblastoma, esophageal cancer and hepatocellular
carcinoma (HCC).128-130

Recently, it was demonstrated that the EMT enriches PD-L1 in
cancer stem-like cells (CSCs) using the EMT/pB-catenin/staurosporine
way and temperature-sensitive dolichyl-diphosphooligosaccharide-
protein glycosyltransferase (STT)3 catalytic subunits of the oligo-
saccharyltransferase complex/PD-L1 signaling axis, by that EMT
transcriptionally induces the N-glycosyltransferase STT3 through
B-catenin activation, and the subsequent STT3-dependent PD-L1 N-

glycosylation stabilizes and upregulates PD-L1.1%!
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FIGURE 3 Epithelial-mesenchymal transition (EMT) as factor in tumor progression and metastatic expansion. Outline of a typical EMT
programme: Epithelial cells showing apical-basal polarity are connected by tight junctions, adherens junctions and desmosomes and are
attached to the underlying basement membrane by hemidesmosomes. Molecules associated with epithelial state and cell polarity: E-
cadherin, epithelial cell adhesion molecules, occludins, claudins, A6f4 inegrins, cytokeratins. The induction of EMT results in the expression
of the EMT-maintaining transcription factors (EMT-TFs) ZEB, SNAIL and TWIST that inhibit the expression of genes associated with the
epithelial state, coming along with activation of the expression of genes associated with the mesenchymal state: N-cadherin, Vimentin,
Fibronectin, p1 and 3 integrins, MMPs. Changed gene expression lead to cellular modifications including disassembly of epithelial cell-cell
junctions and the dissolution of apical-basal cell polarity by the downregulation of crumbs, PALS1-associated tight junction protein (PAT))
and lethal giant larvae (LGL), all proteins that specifically maintain tight junction formation and apical-basal polarity. The process of EMT
leads to enhanced cellular motility and the cells derive invasive capabilities. The process of EMT is reversible, and mesenchymal cells can go
back to the epithelial morphology by undergoing mesenchymal-epithelial transition (MET). Both, EMT and MET, take place during normal
development as well as cancer progression. E-cadherin, epithelial cadherin; MMP, matrix metalloproteinase; N-cadherin, neural cadherin.

Modified after Dongre et al.1??

Cancer stem-like cells are known to be tumor-initiating cells and
represent a small subpopulation of tumor cells that play an essential
role in the initiation, progression and drug resistance of tumors be-
cause of their ability for extensive proliferation that enables them to
develop into new tumors. Evidence suggests the existence of dys-
regulated signaling pathways in the regulation of normal stem cell
self-renewal in CSCs, which leads to the continuous spreading of
self-renewing cancer cells and tumor development.*3?13% CSCs are
more resistant to immune surveillance than non-CSCs, and cancer
control by the immune response causes enrichment of a subpopula-
tion of cancer cells with stem-like properties.

The capability to escape the immune surveillance is essential
for tumorigenesis by CSCs since they subvert host response to
inflammation-induced tumors, in which inflammatory regulators and
cells promote angiogenesis and can support growth, invasion, and
metastasis of tumor cells. Additionally, immune-altered tumor cells
undergo EMT that is accompanied by an upregulation of invasion
factors that in turn enhance the invasiveness of mesenchymal tumor

ceIIs.134'135

Zhao et al.?®¢ assessed the role of the MAPK signaling pathway
in the development of the EMT in oral SCC induced by the inflamma-
tory cytokine TNF-a. After stimulation with TNF-a, the expression
of JNK, extracellular-signal regulated kinases (ERK), and p38 in the
MAPK signaling pathway raised, while the expression of E-cadherin
and Claudinl declined compared to the concentrations in the non-
stimulated control group. These results suggest that TNF-a regu-
lated the EMT process by promoting the invasion and metastasis of
oral squamous carcinoma cells via the MAPK signaling pathway.

Wu et al.®¥” aimed to characterize the essential links among PD-
L1, tumor microenvironment of oral SCCs and EMT process and to
investigate the sensitivity of different chemical agents to different
PD-L1 expression groups. A bioinformatical analysis revealed that
PD-L1 was highly expressed in OSCC and that this higher PD-L1 ex-
pression is correlated with poorer survival in patients. PD-L1 was
also positively correlated with macrophages infiltration and gene ex-
pression of EMT markers. Furthermore, patients in the PD-L1 high
expressing group possibly have a greater benefit from immune check-
point inhibition treatment and they also showed higher sensitivity to
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chemical drugs such as olaparib, paclitaxel, docetaxel, and pazopanib
as well. The authors concluded that PD-L1 may serve as a novel tar-
get for prognostic and therapeutic approaches in OSCC patients.
PD-L1-mediated immune evasion might play a role in the infiltration
of macrophages and the resulting EMT progress. Chemical agents in
combination with PD-L1 inhibitors may be useful for personalized
treatment plans for OSCC patients, which enable a maximum benefit
for the patients. In esophageal SCC cells it was found, that tumor
necrosis factor-associated apoptosis-inducing ligand (TRAIL), that
was initially regarded as immunity guard but with remaining contro-
versial functions, promotes EMT by the induction of PD-L1 over a
p-ERK/signal transducer and activator of transcription (STAT)3 de-
pendent signaling pathway.’*® Many studies indicated a solid cor-
relation between EMT state and immune checkpoints, particularly
PD-L1, in a multitude of cancers including head and neck SCCs,
nonsmall-cell lung cancer (NSCLC), esophageal squamous cancer
breast cancer and extrahepatic cholangiocarcinoma. In pulmonary
adenocarcinoma, investigating EMT markers and PD-L1 expression,
it was shown that that zinc finger protein SNAI1 (Snail) and vimentin
H levels were positively correlated with PD-L1 expression. The rate
of PD-L1 positivity was clearly elevated in patients with mesenchy-
mal phenotypes in comparison to those with epithelial phenotypes,
especially in EGFR-mutated cancers.*®? Significantly increased PD-
L1 expression was also established in mesenchymal compared to

epithelial lung adenocarcinoma with a strong negative correlation of

Tumor cell

TGF-B
e o
) e @

E-cadherin with PD-L1 protein expression.**® Expression of PD-L1
in head and neck SCCs were shown to be significantly linked to EMT
status as analyzed by low E-cadherin and high vimentin expression.
Furthermore, the PD-L1+/EMT+ cohort exhibited poorer prognosis
compared to the PD-L1+/EMT- group.}*! In patients with extrahe-
patic cholangiocarcinoma the expression of PD-L1 was correlated
with high expression of vimentin, N-cadherin and zinc finger e-box
binding homeobox (ZEB)1, and low E-cadherin expression. In breast
cancer, mesenchymal cell lines sustain higher percentages of PD-L1
positive cells and enhanced activation of Snail or ZEB1, inducing in-
creased PD-L1 expression.}*? The same effect was found in tissues
from esophageal squamous cancer, exhibiting high expression of
ZEB1 that in combination with PD-L1 high expression leading to the
worst prognosis for these patients.143

These data suggest that the EMT status together with PD-L1
may be a combined biomarker to predict more suitably the progno-
sis of cancer and may be a potential predictive biomarker to guide
selection of patients who more likely will obtain benefit from a
checkpoint blockade. Even if high PD-L1 expression does not guar-
antee an efficient reaction to PD-1 inhibitors, low or missing PD-L1
expression does not mean that a positive response to PD-1/PD-L1
antibodies is impossible 14414

A bidirectional relationship seems to exist between PD-L1 ex-
pression and EMT status that eventually causes immune escape of

tumors (Figure 4).

Epithelial Cell

Partially mesenchymal Cell

o

& Mesenchymal Cell
TN T

FIGURE 4 Epithelial-mesenchymal transition (EMT) as factor in tumor progression and metastatic expansion. Schematic overview of the
crosstalk between EMT and IFNy-induced PD-L1 expression: IFNy-induced PD-L1 upregulation supports the processes of EMT. EMT can

also be induced by, i.e. TGF-B, enhanced PD-L1 expression levels, promoting tumor immunoevasion. Modified after Burger et a
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5 | ROLE OF PD-L1 IN TUMOR-DERIVED
EXOSOMES (TEXs)

Studies on extracellular vesicles revealed that they can serve as me-
diators of signal communication between the cells.*’7**’ The exo-
somal content is mainly consists of microRNAs, cytosolic proteins,
lipids, circular RNAs, cytokines, long noncoding RNAs, transcription
factor receptors, DNA and other molecules.™ It was demonstrated
that normal or diseased cells are able to secrete exosomal miR-
NAs, which may affect neighboring and also distant target cells.**®
Noncoding RNAs in exosomes possibly have an effect on the expres-
sion of tumor-related genes and can provide in the cancer-causing
process.*®* A number of studies demonstrated the participation of
exosomes in a multitude of physiological and pathological processes,
particularly the development of cancers. Exosomes can widely be
detected in body fluids such as plasma, saliva, breast milk, amniotic
fluid and urine as well in cancer as in noncancerous cells from tumor
patients.'>? In the tumor microenvironment, exosomes possible
participate in the mediation of immune regulation and intracellular
communication.

Tumor-derived exosomes (TEXs) and immune cell-derived exo-
somes (IEXs) were shown to activate immune reactions by trans-
porting antigens to antigen presenting cells (APCs), which induces
the activation of CD4" T-cells and CD8* T-cells, which in turn in-
creases the anti-tumor responses and cause inhibition of tumor pro-
gression.>3 A further possible way of action has also been described
that includes apoptosis induction tumor cells.>* A study found that
exosomes derived from heat-stressed tumor cells are able to induce
the production of IL-6 by DCs and macrophages. This leads to a
heat-shock protein (HSP)-70 dependent switch of Tregs into Th17

t.155

in the tumor microenvironmen It was proven that, when DCs

are targeted by TEXs, it results in increased antitumor responses.t>
Exosomes from T lymphoblast derived EG7 tumor cells are able to
transfer the cell-associated antigen ovalbumin (OVA) and the pa-
rental major histocompatibility complex (pMHC)-1 into DCs, which
induce an increased proliferation and differentiation of cytotoxic T-
lymphocytes (CTL) and create a more robust OVA-specific antitumor
immunity compared to controls.>® Comparable results were de-
tected in HCC models and in other studies.'>’ TGF-B-silenced leuke-
mia cells derived exosomes diminish the production of TGF-p by DCs
and effectively support their maturation and function. Furthermore,
exosome-bearing DCs promoted the proliferation of CD4" T-cells
and augmented the antigen-specific CTL responses.’*®** The rea-
son why TEXs exhibiting stable antitumor responses are mostly be-
cause they target DCs. It has been reported as well that IEXs also
promote increase of the anti-tumor response. Furthermore, IEXs
are able to change the microenvironment to a more suitable so the
tumor growth is suppressed. Lu et al.’° reported that exosomes
derived from a-fetoprotein (AFP)-expressing DCs were able to sup-
port the antigen-specificimmune response over enhancement of the
IFN-y and interleukin-2 levels and reduced expression of interleu-
kin-10 and TGF-p. Extracellular vesicles that originate from activated
CD8™ T-cells could directly target mesenchymal tumor stromal cells

 peracartoogy 2000 RIS

and prevent by this effect tumor invasion and metastasis.’®? Using
in vitro as well as in vivo experiments it was demonstrated that NK
cell-derived exosomes could inhibit the development of melanomas
by their amounts of perforin, TNF-a and Fas ligand (FasL).'¢? Besides
the antitumor effects of exosomes, a number of studies investigated
their activity in promoting tumor progression.'*® The growth of tu-
mors is linked to a variety of growth factor receptors and signaling
pathways. These receptors activate downstream signaling pathways
including protein kinase B (Akt), protein kinase (PK)C/PKB and ERK
kinase pathways by activating or phosphorylating of intracellular ki-
nase domains which maintains tumor cell proliferation and migration.
TEXs originating from lung cancer and breast cancer models sup-
pressed the differentiation of myeloid precursors into DCs and their
maturation by enhancing the expression of the immunosuppres-
sive molecule PD-L1 to induce inhibiting signals.164 Gastric cancer-
derived exosomes were demonstrated to stimulate monocytes to
differentiate into PD-1+ tumor-associated macrophages (TAMs),
which robustly can inhibit anti-tumor responses by activation of the
PD-1/ PD-Ls interaction and signaling.1®> Exosomes that originated
from oral SCCs upregulated the expression of PD-L1 on myeloid-
derived suppressor cells (MDSCs) to further cause y5 T-cell exhaus-
tion by an exosome micro RNA (miR)-21/ phosphatase and tensin
homolog (PTEN)/PD-L1 pathway which similarly has been shown for
HCC cells.}® Liu et al.**” revealed that exosomes released from HCC
cells upregulated the expression of PD-L1 in macrophages that in
turn suppressed T-cell function by a miR-23a/PTEN/AKT Signaling
pathway. Additionally, exosomes derived from melatonin-treated
HCC cells downregulated the expression of PD-L1 and the release of
cytokines including IL-6, IL-1p, IL-10, and TNF-« in macrophages.!¢®
All these data indicate that miRNAs enclosed in tumor-derived exo-
somes may promote the growth and metastasis of tumors.*’

One essential mechanism of tumor immune evasion is the binding
of PD-L1 expressed on the surface of tumor cells, to PD-1 on T-cells.
PD-L1-overexpressing tumor cells show the exceeding capability to
survive, escape the surveillance of the host immune reaction and
thus have the possibility to invade adjacent tissues.}’® IFN-y, that is
secreted by inflammatory cells including NK cells and macrophages,
can induce upregulation of PD-L1 expression on tumor cells.r%172
This upregulated expression of PD-L1 enables tumor cells to acquire
adaptive resistance against the IFN-y released by CTL, generating
a vicious circle that leads to exacerbation of the disease.r’? The
results of studies show that the infiltration of immune cells in the
tumor microenvironment is possibly linked to the expression of PD-
L1 on their surface.'’® PD-L1 overexpressing TAMs can inhibit the
function of CTL. The results of investigations using a breast cancer
cell line have also implicated that the TAM receptors Tyro3, Axl, and
Mertk may cause an upregulated expression of PD-L1.174

Evidence demonstrates that exosomes from tumor cells contain
bioactive PD-L1 on their surface which subsequently may suppress
the immune response.}”> Exosomes derived from metastatic mela-
noma, which can be stimulated by IFN-y, expressed higher amounts
of PD-L1 on these vesicles and impeded antitumor responses.!’¢
It is known that the microenvironment of HNSCCs has highly
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immunosuppressive properties. HNSCCs expressing increased lev-
els of PD-L1 show particularly poor outcomes. It was found that
high expression of exosomal PD-L1 is able to inhibit T-cell activation
(Figure 5).Y7

Exosomes loaded with PD-L1 could be isolated from plasma of
patients with HNSCC and were shown to be correlated with en-
hanced disease activity caused by suppression of lymphocyte ac-
tivity.”® A study that aimed to reveal the contribution of PD-L1
containing exosomes to immune suppression and disease activity of
HNSCC patients found that the levels of PD-L1 loaded in exosomes
correlated with patients' disease activity, the UICC stage and the
lymph node status. In contrast, the plasma levels of soluble (s)PD-L1
or exosome PD-1 levels did not correlate with any clinicopathologi-
cal parameter.'’”?

PD-L1 protein can be expressed at the cell plasma membrane
(mPD-L1), in cell nuclei (nPD-L1), at the surface of exosomes (exo-
PD-L1) and as a soluble circulating protein (sPD-L1). Bailly et al.*8°
aimed to highlight the different variants of sPD-L1 produced either
over proteolytic cleavage of m/exoPD-L1 or by alternative splicing
of PD-L1 pre-mRNA. The aim was also to point out the presence
and role of circulating sPD-L1 isoforms in various cancer manifes-
tations and multiple other diseases, such as chronic inflammatory
and viral diseases. sPD-L1 possibly represents a general marker of
inflammatory conditions. The stock of sPD-L1 proteins is an essen-
tial part of the greatly dynamic PD-1/PD-L1 signaling pathway. The
diversity of the circulating soluble PD-L1 forms can be produced via
different proteolytic or splicing processes. Enhanced sPD-L1 pro-
tein levels were detected in a multitude of cancer types and many
inflammatory conditions beyond cancer. sPD-L1 can prevalently
be found in the plasma or serum, but its exact biochemical nature

Indirect effect

Tumor cell
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and functions are not well understood. More scientific activities are
necessary to enable a better characterization of the contribution of
sPD-L1 to the function and activity of the PD-L1/PD-1 checkpoint,
and to provide a better understanding of the dynamic interplay be-
tween the different PD-L1 species of PD-L1, cytoplasmic, nuclear,
membrane, soluble and exosomal. However, sPD-L1 is an import-
ant multi-faceted systemic circulating protein that is linked to a big
diversity of diseases with a still partly unclear contribution to the

disease progression.

6 | PD1/PD-L1 CHECKPOINT TREATMENT
AS A THERAPEUTIC OPTION FOR CANCER

A number of studies has affirmed the clinical importance of PD-1/
PD-L1 antibodies and their prognostic influence on human can-
cers.’81182 However, it is not clear how these biomarkers and its
clinical significance are related since it shows diversity in different
types of human cancers.*®3

Generally, PD-1/PD-L1 inhibitory checkpoints inhibit TCR-
mediated cytotoxicity and CD8" T-cell proliferation over interaction
with the ligand PD-L1, resulting in evasion of the killing function of
the immune response to tumor cells and immune surveillance.*84-18¢
Immune checkpoint antibodies are promising approaches for cancer
therapy which base on their physiological function as T-cell-activated
co-inhibitory receptors that plays an important role in the treatment
of PD-1/PD-L1 immune checkpoint inhibitors.*®” Expression of PD-
L1 in tumor cells or tumor-associated stromal cells can possibly serve
as predictive marker for outcome of and response to anti-PD-1/PD-

L1 immunotherapy.'88187

Inactivation of Blockage

Activation l -
Proliferation l

Tumor progression I

OTumor exosomes 6 PD-L1 exosomes

FIGURE 5 Mechanisms of exosomal PD-L1 induced immunosuppression. Interaction between exosomal PD-L1 and PD-1 on T-cells
may directly cause immunosuppression. Additionally, exosomal PD-L1 upregulates the expression of PD-L1 in myeloid cells via the NF-xB
pathway, induces their transformation into myeloid immune cells, and indirectly suppresses the activation and proliferation of T-cells. The

final result of these processes is T-cell inactivation and tumor progression. Modfied after Ye et a

| 177

85U80|7 SUOWWOD aAFeaID 8|l [dde ay3 Aq pausenob are ssjolie YO ‘8sN JO Se|n. 10} ArIqiT8ulUO A8]IM UO (SUORIPUCO-PUB-SWLRY/LI0D" A8 | 1M ATelq 1 [BUI [UO//SANY) SUORIPUOD PUe S8 18U} 89S " [(7202/TT/L2] uo AkiqiTauliuo A )IM ‘BiseAun-BigeIT1-snisnt Aq 8/G2T pId/TTTT 0T/10p/w00 A8 1w Areiqiul|uo//sdny woly papeojumoq ‘T ‘vZ0Z ‘2G20009T



GROEGER and MEYLE

Immune escape

Inactivated T cell signals

PD-1/PD-L1
Inhibitors

Immune response
Activated T cell signals

PD-1 ®
® AG PD-1/PD-L1
Antibodies

 peracartoogy 2000 RIS

‘ ' TCR
- ‘ MHC/AG
AP\(-: Complex
Cell

. Antigen
(AG)

P L 2 ? PD-1
' PD-L1

===y CD28
¥ B7

PD-1/PD-L1 Ix
-1/PD-| %X Lck

Antibodies
g 3 shp2

-+
PD-1/PD-L1
v Antibodies
@® Phosphorylation
| x Passivation
@ — . A stimulation
T Recruitment

Inhibited
Recruitment

FIGURE 6 PD-L1 as therapeutic target in cancer. Mechanisms of PD-1/PD-L1 inhibitor treatment response: PD-1 mainly is expressed

in T-cells and PD-L1 in tumor cells and antigen presenting (APC) cells. Some tumor cells can also express intrinsic PD-1. After PD-1 -

PD-L1 ligation immune escape is enabled. PD-1 can be phosphorylated by LCK to further recruit tyrosine phosphatase Src homologous
phosphatase 2 (Shp2), resulting in inactivation of CD28 and TCR function and signaling pathway. This leads to attenuation of the T-cell
activating signal that causes immune escape. Lymphocyte-specific protein tyrosine kinase (LCK) kinase activity is needed to mediate PD-1/
SHP-2-maintained inhibiting signaling. The interaction of PD-1/PD-L1 immunocheckpoint inhibitors with its targets can effectively block the
binding between PD-L1 and PD-1, which in turn inhibits the recruitment of SHP-2 and can reactivate T-cells signaling and their immunologic

function. Modified after Tang et al.?%?

There is no doubt about efficacy of PD-1/PD-L1 immunocheck-
point inhibitors in the therapy of cancer, but some issues are existent
including adverse effects and drug resistance that may significantly
affect the outcome of anti-PD-1/PD-L1 immunotherapy. The im-
munotherapy mechanisms of anti-PD-1/PD-L1 antibodies are re-
vealed to some extend. It is know that for the activation of T-cells
dual signals are necessary. The first signaling step is the binding of
MHC-presenting antigen to the TCR. The second signal is proceeded
by interaction co-stimulatory and co-inhibitory molecules.”® The
binding of PD-1 on T-cells to PD-L1 on tumor cells or APCs can ef-
fectively suppress T-cell activation and induce T-cell apoptosis, di-
minished cytokine production, T-cell lysis and furthermore trigger
tolerance to antigens, which enables the tumor to evade immune
surveillance.” The function of PD-1/PD-L1 inhibitors is to bind to
PD-1 or PD-L1 to impede the interaction between PD-1 and PD-
L1, PD-1 activation efficiently suppresses TCR signaling, CD28
co-stimulatory signaling and inducible T-cell co-stimulator (ICOS)
signaling.”?4 The results of studies suggested the following pro-
cess: after PD-1 was activated by its ligand PD-L1, PD-1 is phosphor-
ylated by protein tyrosine kinase Lck phosphorylates PD-1 which in
turn recruits tyrosine phosphatase Src homologous phosphatase 2
(Shp2), leading to dephosphorylation of TCR and CD28, followed by
inhibition of T-cell-linked signaling (Figure 6).17°71%8 The intervention

of PD-1/PD-L1 immune checkpoint inhibitors disable the phosphor-
ylation of the intramembrane PD-1 motif of by the lymphocyte-
specific protein tyrosine kinase (LCK), causing failed cell recruitment
to SHP-2. TCR and CD28 inhibited the dephosphorylation of CD28
and TCR causes successful transfer of activation signals to down-
stream proteins and signaling pathways, this finally stimulates T-cell
differentiation and proliferation and the immune function of the T-
cells can proceed effectively (Figure 6).%7 It has been shown that
tumor cells can express intrinsic PD-1 too to support the formation
of tumors that can escape the adaptive immunity. PD-1 checkpoint
inhibitors are able to inhibit the binding of intrinsic PD-1 and PD-L1,
which blocks the tumor growth (Figure 6).29%:201

Tumor cells lose the capability to express tumor antigens in
order to evade the recognition by APCs and cytotoxic T-cells.?%®
It was demonstrated that major histocompatibility complex class-I
and -ll (MHC-1 and MHC-II) are necessary for effective tumor an-
tigen presentation and immune-surveillance.?°42% |n a number of
malignancies, the downregulation of MHC-I/1l is linked to immuno-
suppression, metastatic progression and poor prognosis, and it is a
predictive factor for the response to anti-PD-1/PD-L1 therapy.?%’
Aiming to amend the response rate to PD-1/PD-L1 immunother-
apy, researches tried to find ways to upregulate MCH-Il expression
in tumor cells. It was revealed that epigenetic and ERK signaling
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FIGURE 7 PD-L1 as therapeutic target in cancer. Mechanisms of PD-1/PD-L1 inhibitors resistance: PD-1/PD-L1 inhibitor resistance is
classified as primary resistance and acquired resistance. Mechanisms of primary resistance include lack of tumor immunogenicity; T-cell
rejection; lack of interferon responsiveness, such as IFNg (interferon-y) and IFN-« (interferon-a); EGFR (epidermal growth factor receptor)
mutations and ALK rearrangements; local immunosuppressive factors within the tumor microenvironment, such as MDSC (myeloid-derived
suppressor cell) and TIM (tumorinfiltrating myeloid cell). The mechanisms of acquired resistance are attributed to exhaustion and loss of
T-cell function; impaired processing or presentation of neoantigens; complexity of the tumor microenvironment; mutations in associated
genes, such as STK11/LKB1; dysbiosis of the gut microbiome; lack of Memory T-cells and upregulation of other Immune Checkpoints, such

as CTLA-4 (cytotoxic T-lymphocyte antigen-4), TIM-3 (T-cell immunoglobulin and mucin domain-containing molecule-3), LAG-3 (lymphocyte
activation gene-3) and VISTA (V-domain |g suppressor of T-cell activation). Modified after Tang et al.?0?

cascades were involved in inhibiting the expression of intrinsic MHC
I1in nonsmall cell lung cancer.?%® This led to the development of com-
bined blocking strategies for these pathways attempting a more pos-
itive response to PD-1/PD-L1 immune checkpoint therapy in human
cancers. A study showed furthermore, that in lung epithelial MHC-II
is necessary for surface expression of PD-L1.2%? In a clinical study
treatment of recurrent or metastatic nasopharyngeal carcinoma
with an anti-PD-1 antibody (camrelizumab) was investigated and
it was shown that patients with a high expression of both MHC-II
and PD-L1 responded better to this treatment.?'° All these results
lead to the conclusion that MHC-Il and PD-L1 affect each other as
well in expression as in function for the treatment of PD-1/PD-L1
immune-checkpoint blockers in human cancer. Immune checkpoints
blockade therapy targeting the PD-1/PD-L1 axis provided a novel
summit in tumor immunotherapy in the last years, showing convinc-
ing therapeutic success in various malignancies. Nevertheless, many
of the patients developed resistance to PD-1/PD-L1 inhibitors that
gravely limits its usage and grows to a severe clinical problem that
has to be addressed. For this reason it is needed to investigate and
identify the molecular mechanism of immune checkpoint inhibitor
resistance and enhance the response rate of patients to PD-1/PD-
L1 immunotherapy. The resistance to PD-1/PD-L1 inhibitors con-
sist of primary and acquired resistance. The definition of primary

resistance is if patients never have demonstrated clinical response
or stable disease when PD-1/PD-L1 blockade was utilized. To the
mechanisms of primary resistance belong deficient immunogenic-
ity of the tumor,?* T-cell exclusion,?'? deficient responsiveness
to IFN,2% epidermal growth factor receptor (EGFR) mutations and

21% and local im-

215

anaplastic lymphoma kinase (ALK) rearrangements
munosuppressive factors in tumor microenvironment (Figure 7).
Acquired drug resistance indicates at the beginning of the therapy
PD-1/PD-L1 inhibitors show an effective and solid response, but
in some patients during the treatment the therapeutic efficacy of
inhibitors is significantly impaired or they develop a nonresponsive-
ness.?'® Probably the underlying mechanisms are closely linked to
T-cell exhaustion and loss of function,?'”-2%? diminished processing

20 mutations in associated genes,221

or presentation of neoantigens,2
complex composition of the tumor microenvironment,?%? defective-
ness of memory T-cells,??8 dysbiosis of the gastro-intestinal micro-
biome??* and upregulation of further immune checkpoint molecules
(Figure 7).2%°

Tumor cells are capable of close interactions with immune cells,
stromal cells, environmental cytokines or further suppressive act-
ing immune checkpoints. This protects them from detection and
elimination by the immune surveillance system.222 T-lymphocytes

gain immunological clearance of tumors by recognition of specific
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tumor-antigens on the surface of the cell membranes, they are able
to kill tumor cells. Thus, the expression of tumor-specific antigens
is essential for an effective function of the immune response. If the
composition of the specific antigen is alike to autoantigens or an-
tigens linked to immune tolerance, disability of APCs to recognize
antigens and to trigger T-cell activation may occur. This possibly
represents the initiation of acquired resistance.??%??” Furthermore,
some tumors secrete suppressors, including IL-10 and VEGF, which
may induce a reduction of functional mature DCs and an increase in
the amount of immature DCs. Recruitment of these immature DCs by
tumor cells cause an ineffective activation of effector T-cells during
antigen presentation.}”®??8 Ppatients suffering from these tumors
will fail to maintain an efficient immune response with PD-1/PD-L1
blockers, leading to drug resistance and following immune escape.
Increased knowledge about the resistance against PD-1/PD-L1
immunocheckpoint inhibitors will support the development of new
immunotherapeutic strategies to control the process of disease
progression and to improve survival of patients.??’ It is essential to
discover mechanisms of immune-related adverse events of PD-1/
PD-L1 immunocheckpoint inhibitors in human cancer therapy so
that the risk for patients can be reduced and the outcome of thera-

peutic interventions can be further improved.202

7 | CONCLUSIONS

The immunomodulatory role of PD-L1 in a variety of carcinomas,
including oral carcinomas, has widely been established. There is also
evidence about the important role of PD-L1, not only in oral carci-
nomas but also in periodontitis. PD-L1 levels in GCF of periodontitis
patients could be correlated with a set of inflammatory cytokines
and increased PD-L1 was found in periodontal lesions and in leuko-
cytes from patients with periodontitis. A bidirectional relationship
may be evident between PD-L1 expression and EMT status that
eventually induces immune evasion and escape of tumors. EMT, this
strongly dynamic interconversion of epithelial to mesenchymal cells
induces upregulation of PD-L1 expression. Furthermore, in EMT,
PD-L1 could be shown to be enriched in cancer stem-like cells. PD-
L1 can be present in cancer-derived exosomes as well and it was
demonstrated, that PD-L1 loaded exosomes are able to suppress T-
cell functions.

Tumor-derived exosomes have been demonstrated to promote
tumor growth and metastasis in a multitude of cancers. Exosomes
from metastatic tumor cells exhibit enhanced PD-L1 expression
compared with nonmetastatic cells. Additionally, the amount of PD-
L1 expression in exosomes is often positively correlated with the
severity of cancer staging and negatively connected to survival in a
multitude of primary cancers. This strongly supports the prospect
that PD-L1+ exosomes particularly are of great importance in regu-
lating tumor progression.

Immune checkpoint antibodies are promising approaches for
cancer therapy and their efficacy has been affirmed by a nu-
merous clinical studies. Nevertheless a number of patients show
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primary or develop secondary resistance against this treatment.
More insights about resistance to PD-1/PD-L1 immunocheckpoint
inhibitors will support the development of new immunotherapeu-
tic strategies.

PD-L1 can act as mechanistic interlink between periodontitis
and cancer since it can be upregulated by periodontopathogenic
bacteria and its components. Over its immune-suppressive prop-
erties it supports immune-evasion that in turn helps to generate
and sustain chronic inflammatory conditions. Both, immune evasive
mechanisms and chronic inflammation can support the development

and progression of cancers.
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