DR AHMED AL-SAMADI (Orcid ID : 0000-0003-1938-2136)

Article type  : Original Article

Immune Checkpoints Indoleamine 2,3-Dioxygenase 1 and Programmed Death-Ligand 1

in Oral Mucosal Dysplasia

Meri Sievilainen®”, Fabricio Passador-Santos®”, Rabeia Almahmoudi', Solomon Christopher®,

Maria Siponen* ®, Sanna Toppila-Salmi®, Tuula Salo> " #, Ahmed Al-Samadi**®

'Department of Oral and Maxillofacial Diseases, Clinicum, University of Helsinki, Helsinki, Finland.
Department of Pathology, Sao Leopoldo Mandic Research Centre, Campinas, Brazil.

3Department of Mathematics and Statistics, University of Helsinki, Helsinki, Finland.

“Department of Oral and Maxillofacial Diseases, Kuopio University Hospital, Kuopio, Finland.
*Institute of Dentistry, University of Eastern Finland, Kuopio, Finland.

®Department of Allergy, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
"Medical Research Centre, Oulu University Hospital, Oulu, Finland

®Department of Diagnostics and Oral Medicine, Research Group of Cancer Research and

Translational Medicine, Medical Faculty, University of Oulu, Oulu, Finland

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1111/jop.12737

This article is protected by copyright. All rights reserved.



Financial support. The authors acknowledge the funders of this study: the Sigrid Jusélius
Foundation, cancer society of Finland, the Oulu University Hospital MRC grant, the Emil
Aaltonen Foundation, the Helsinki University Central Hospital research funds,
Etelasuomalaisten ylioppilaiden s&atio, Helsingin seudun hammaslaakérit, and the Finnish

Dental Society Apollonia.

Contact information. Ahmed Al-Samadi, Department of Oral and Maxillofacial Diseases,
Clinicum, Biomedicum Helsinki 1, C223b P.O. Box 63 (Haartmaninkatu 8), 00014
University of Helsinki, Helsinki, Finland. Tel: +358458947224, Email: ahmed.al-

samadi@helsinki.

Conflict of interest disclosure statement. The authors declare no potential conflicts of

interest with respect to the authorship and/or publication of this article.

* The authors contributed equally to this work
# The authors contributed equally to this work

§ Corresponding author

Running title: Immune Checkpoints in Oral Mucosal Dysplasia

Keywords: 1DO1; PD-L1; oral dysplasia; immune checkpoint; potentially malignant lesion.

This article is protected by copyright. All rights reserved.



ABSTRACT

Background: Oral mucosal dysplasia is a histologic feature of potentially malignant disorders
that is associated with risk of transformation to carcinoma. Dysplastic cells use many
strategies during their transformation to cancer, including escape from the immune mediated
destruction. We hypothesized that adaptive immunity is inhibited by activation of distinct
immune checkpoint molecules, such as indoleamine 2,3-dioxygenase 1 (IDO1) and

programmed death-ligand 1 (PD-L1).

Methods: We collected 63 oral dysplasia samples from 47 patients. Nine biopsies from
alveolar mucosa during wisdom teeth extractions were used as healthy controls. Tissue
samples were stained and scored for IDO1 and PD-L1. Additionally, dysplasia grades and
inflammatory cell infiltration were evaluated. Eight patients were followed up to 36 months
to evaluate dysplasia progression, inflammation, and immune checkpoint molecule

expression.

Results: Dysplastic epithelium had significantly lower IDO1 expression than that of healthy
controls. PD-L1 positive cells in the lamina propria were mainly in dysplastic samples and
seldom in healthy controls. Dysplasia grade associated negatively with epithelium IDO1 and
positively with IDO1 and PD-L1 expression in the lamina propria. There was a positive
association between dysplasia grade and level of inflammatory cell infiltration. During
follow-up, dysplasia grade, inflammatory cell infiltration, and the immune checkpoint

expression fluctuated over time.

Conclusions: Immune checkpoint molecules IDO1 and PD-L1 are modulated during oral
epithelial dysplastic changes and their expression is associated with inflammatory cell
infiltration in the lamina propria. As immune checkpoint molecule expression fluctuates over

time, these molecules are not useful as biomarkers for oral mucosal dysplasia progression.
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INTRODUCTION

Oral dysplasia is a histologic feature of potentially malignant disorders characterized by loss
of uniformity of individual epithelial cells and their architectural orientation. Dysplastic
changes include pleomorphism, hyperchromatic nuclei, abnormally large cell size, abundant
mitotic figure accumulation, and loss of progressive maturation of basal cells *. Oral
dysplasia has a significant transformation risk to oral squamous cell cancer . In a recent
meta-analysis, it was estimated that oral dysplasia has an overall 10.5% malignant
transformation risk % However, several studies showed a wide range (5-27%) of
transformation risks, mainly depending on dysplasia grade *°. It is believed that during
malignant transformation, the dysplastic cells may escape from destruction mediated by the

adaptive immune system ’.

Immune checkpoints refer to a group of molecules that induce immune tolerance, prevent
induction of autoimmune diseases, and protect tissues from immune collateral damage 2.
Immune checkpoints are used by cancer cells to escape from immune cell destruction, mainly
by CD8" T cells and NK cells °. The presence of distinct immune checkpoint molecules, such
as indoleamine 2,3-dioxygenase 1 (IDO1) and programmed death-ligand 1 (PD-L1) in
tumors, are considered as negative prognostic factors >*2. Furthermore, immune checkpoint
inhibitors, such as PD-1/PD-L1 axis inhibitors are already in use as anti-cancer therapies .

Other immune checkpoint inhibitors, such as IDO1, are still in clinical trials **.
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IDO1 is a heme-containing enzyme that controls the immune system through several
inhibitory pathways mediated by cell metabolism *°. An increase in IDO1 expression leads to
raised T-cell tolerance and promotes the differentiation of naive CD4" T cells into regulatory
T cells *. On the other hand, PD-L1, a ligand for programmed death receptor 1, can induce
immune tolerance by reducing CD8" T cell proliferation and promoting functional T cell

exhaustion *’.

There are currently several studies on the immunohistological expression of immune
checkpoint molecules in oral cancer %, However, less is known about the roles of these
molecules in potentially malignant oral lesions. Therefore, the purpose of this study was to
analyze the expression of IDO1 and PD-L1 in oral dysplasia; to investigate the possible
association between these molecules, dysplasia grade, and the inflammatory cell infiltration;
and to follow disease progression and the expression of these molecules over time in oral

dysplasia samples.

MATERIALS AND METHODS
Patients and Ethical Approval

The study plan was approved by the Ethics Committee of the Ostrobothnian Hospital District
(46/2013). Sixty-three archival oral dysplasia samples from 47 patients (mean age 60.7 years;
median 65 years) treated at the Oulu University Central Hospital through years 2005-2016
were included. Nine of the patients had been diagnosed with epithelial dysplasia with
lichenoid features. The remaining patients were clinically diagnosed with leukoplakia,
erythroleukoplakia, or erythroplakia. Eight of the patients were followed from 3 to 36 months

and more than one biopsy (mostly incisional) was taken from the same site. Nine clinically

This article is protected by copyright. All rights reserved.



normal alveolar mucosal samples were taken during impacted wisdom tooth extraction from
healthy donors (mean age 32.6 years; median 26 years) and were used as healthy controls.
Dysplasia samples were diagnosed by two oral pathologists (Fabricio Passador-Santos, and
Tuula Salo) according to the WHO classification *°. Samples were fixed in 10% neutral-
buffered formalin and embedded in paraffin (formalin-fixed, paraffin-embedded samples,
FFPE). Absence of pathology was confirmed in the control samples by clinical and histologic
examination. Samples were coded to assure anonymity and safeguarded. Detailed patient data

are presented in Table 1.
Immunohistochemical Staining:

FFPE samples were cut to 5-pum thick sections. Immunohistochemical (IHC) staining for
IDO1 was performed using a fully automated BOND-MAX staining robot (Leica
Microsystems, Wetzlar, Germany) and a horseradish peroxidase-labelled dextran polymer
method (Bond Polymer Refine Detection Kit, Leica Microsystems). The machine was
supplied with a monoclonal mouse anti-human IDO1 (Cat. No. #MAB5412; Millipore,
Burlington, Massachusetts, USA) at a dilution of 1:200 (working concentration 5 pg/ml). For
PD-L1, antigen retrieval was performed in microwave using abcam Universal HIER antigen
retrieval reagent (Cat. No. ab208572; Abcam, Cambridge, United Kingdom). Slides were
incubated with rabbit anti-human PD-L1 (Cat. No. ab205921; Abcam) at a dilution of 1:400
(working concentration 2.5 ug/ml) at room temperature for 1 hour. Staining was performed
using Lab Vision Autostainer (Thermo Fisher Scientific, Waltham, Massachusetts, USA) and
Dako Advance HRP (Dako, Glostrup, Denmark). Negative controls (without primary
antibody) for IDO-1 and PD-L1, and positive control (tonsil tissue) for PD-L1 were done to

confirm the quality of the staining (data not shown).
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Evaluation of staining and cell counting

A fully-automated Leica DM6000 microscope together with a Leica DFC365-FX camera
(Leica Microsystems) and a BX61 Motorized System Microscope (Olympus Life and
Material Science Europa GmbH, Hamburg, Germany) were used to image the stained

samples.

Dysplasia grade was scored by two oral pathologists (Fabricio Passador-Santos, and Tuula
Salo) as (1) mild, (2) moderate, or (3) severe (Figure 1A-C). The two pathologists had a
moderate agreement on the dysplasia grade (k = 0.45). Unfortunately, oral dysplasia grading
had been reported to be poorly reproducible between observers *. Fourteen (out of 47)
dysplasia samples had both non-dysplastic and dysplastic areas. IDO1 staining intensity in
the epithelium and lamina propria and inflammatory cell infiltrate were scored as (0)
negative, (1) weak, (2) moderate, or (3) strong. The number of PD-L1 positive cells in the
lamina propria were counted from three 20x magnification fields per slide in the areas with
the highest numbers of PD-L1 positive cells. Except for the dysplasia grades, all scorings
were performed independently by 2 researchers (Meri Sievildinen and Rabeia Almahmoudi)
who were blinded to clinical data and outcomes. An experienced oral pathologist (Fabricio

Passador-Santos settled discrepancies in the scoring.
Statistical Analyses

All statistical analyses were performed using SPSS (IBM SPSS Statistics for windows,
version 21.0. Armonk NY, IBM Corp.) Only the initial sample was included in the statistics
for each patient. Kappa coefficient test was used to check the agreement between the two
pathologists on the dysplasia grades. Non-parametric statistical methods were used due to the
small range and categorical nature of the observations. Mann-Whitney U test and Wilcoxon

rank-sum tests were used to compare between the study groups. Spearman’s rank correlation
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was computed to observe the strength and direction of association among variables. Due to
the small number of observations, chi-square tests of association were performed on further

categorizing the variables. P-values <0.05 were considered statistically significant.

Results

IDOL1 expression is downregulated in dysplastic oral epithelium compared with healthy

controls

In healthy controls, IDO1 was strongly expressed in all oral epithelial layers except the basal
layer (Figure 1D). In the dysplastic oral epithelium, IDO1 was either weakly positive or
negative (Figure 1E). This difference was highly significant (P<0.0001, Figure 1F). In the
lamina propria, IDO1 was similarly expressed in samples from patients with oral dysplasia
and healthy controls (P>0.05, data not shown). Within the same sample, the epithelium at the
dysplastic free area had higher IDO1 expression than that of the dysplastic epithelium

(P=0.004, Figure 1G, H).

PD-L1 positive cell count is increased in dysplastic lamina propria compared with

healthy controls

PD-L1 was negative in the oral epithelium of both healthy controls and dysplastic samples
(Figure 1F-G). On the other hand, PD-L1 was expressed in the lamina propria inflammatory

cells of the dysplastic samples and seldom in healthy controls (Figure 11-K).
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Dysplasia grade is associated with IDO1 and PD-L1 expression levels and the amount of

inflammatory cell infiltration

Dysplasia grade was negatively associated with epithelial IDO1 expression (Supplement A,
Table 2) and positively with lamina propria IDO1 (Table 2) and PD-L1 positive cell count
(Supplement B, Table 2). Dysplasia grade was also positively associated with inflammatory

cell infiltration (Table 2).

IDO1 and PD-L1 expression does not correlate with patient characteristics

Dysplasia patients were categorized according to their age (<50 and >50 years), gender,
smoking status, site of the lesion (tongue and others), presence of lichenoid features, and
presence of previous cancer. Neither IDO1 nor PD-L1 associated with any of the studied
categories, except PD-L1, which was expressed slightly more in the samples which have
lichenoid features (Table 2). The presence of lichenoid features associated positively with
inflammatory cell infiltration and dysplasia grade. Dysplasia grade was higher in male

patients (Table 2).

Dysplasia grade, inflammatory cell infiltration and 1DO1 and PD-L1 expression

fluctuate over time

Eight patients were followed from 3 to 36 months with more than one biopsy taken.
Dysplasia grade, inflammatory cell infiltration, and IDO1 (in both the epithelium and lamina
propria) and PD-L1 expression fluctuated over time (Figure 2). No stable progression was

detected in any of the studied criteria.
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DISCUSSION

This study revealed a significant association between oral epithelial dysplasia grade,
inflammatory cell infiltration, and expression of immune checkpoint molecules (IDO1 and
PD-L1). Interestingly, these associations were either positive or negative depending on the
molecules studied and the site of its expression (epithelium or lamina propria). Additionally,
dysplasia grade, inflammatory cell infiltration, and expression of immune checkpoint

molecules fluctuated over time.

We found that IDO1 is strongly expressed in healthy control epithelium compared with
dysplastic lesions. The same phenomenon was present in samples with dysplastic and non-
dysplastic areas, which supports our previous observation. Even though IDO1 expression is

5

induced in oral cancer °, we were surprised to observe the opposite in dysplastic oral

epithelium. This could possibly be due to the loss of immune tolerance in the dysplastic oral

epithelium %

, as IDO1 plays an important role in inducing immune tolerance. Immune
tolerance is known to be essential in the oral mucosa due to the presence of a large number of
different microbes in the oral cavity %%, Loss of immune tolerance could result in activation
of the immune system and infiltration of inflammatory cells %. Such phenomena are indeed
occurring in oral dysplasia as this study found that dysplasia grade was positively associated
with inflammatory cell infiltration, even though oral dysplasia is not an infectious disease. On
the other hand, IDO1 expression in the lamina propria was enhanced with increase in

dysplasia grade, which may be caused by associated inflammation and the production of pro-

inflammatory cytokines *.

In contrast to the expression of PD-L1 in cancer cells of oral squamous cell carcinoma %,

in our study PD-L1 was negative in the oral epithelium of both healthy control and dysplasia

samples. In the lamina propria, PD-L1 was expressed mainly in dysplastic samples and only
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rarely in controls. We found a significant positive association between PD-L1 expression and
dysplasia grade as well as inflammatory cell infiltration. This result is consistent with a recent
publication suggesting a positive correlation between PD-L1 expression in oral dysplasia and
the risk of malignant transformation %. This publication also reported that inflammatory cells,
mainly CD163 and CD8, are the major producer of PD-L1 in oral dysplasia tissue. This
supports our results where the increase in the PD-L1 positive cells is associated with an

increase in inflammatory cell infiltration.

In terms of patient characteristics, it was interesting to notice that almost none of the studied
immune checkpoints yielded significant correlations. As an exception, however, PD-L1 was
positively associated with the presence of lichenoid features. This phenomenon may reflect
the presence of severe inflammatory cell infiltration associated with lichenoid features.
Regarding dysplasia grade, it was positively associated with the presence of lichenoid
features. This observation should be interpreted with caution, as most of the studied cases
were clinically suspicious for cancer. In our samples, male patients had on average a higher
oral dysplasia grade, which is associated with a greater risk for malignant transformation. In
contrast, studies on other populations have shown that dysplasia in females more often
transform to cancer . The explanation for our finding could be due to several factors,
including hormones and male lifestyle, such as smoking. Although 40% of males and only
10% of the females were smokers (data not shown), we did not find any association between
dysplasia grade and smoking. Further studies are needed to reveal the connection between

gender and dysplasia grade.

We followed the disease progression of eight patients over different periods. In contrast to
our hypothesis of progression in dysplasia grade and other analyzed parameters, no such

pattern was detected. Instead, all studied parameters fluctuated over time. This result is
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consistent with previous observations that the progression of dysplasia in oral cavity might

not be linear *.

In conclusion, the present study demonstrated that the expression of IDO1 and PD-L1 are
associated with the dysplasia grade and with inflammatory cell infiltration, which putatively
indicates that these immune checkpoints might have a role in the progression of dysplasia. As
this is an exploratory study, we have tried to look at many possible associations in the data.
However, further specific studies are required to confirm any associations presented from the
present study. The findings of the time-series samples suggest that the progression pattern of
dysplasia is not a liner process. Accordingly, the patients should be carefully followed

regardless of the dysplasia grade.
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FIGURE LEGENDS

Figure 1. Significant decrease of IDO1 and increase of PD-L1 expression in the
dysplastic samples compared with the healthy control. HE staining of the oral mucosa
showing mild (A), moderate (B) and severe dysplasia (C). Healthy and dysplastic samples
were immunostained for IDO1 and PD-L1. Healthy control epithelium was positive for IDO1
(D) while dysplastic epithelium was negative (E). IDO1 expression was significantly lower in
the dysplastic epithelium than that in the healthy control (F). Eighteen samples showed both
dysplastic and non-dysplastic areas in the same slide (G). For these cases, IDO1 expression
was significantly higher in the non-dysplastic areas compared with the dysplastic areas (H).
PD-L1 was negative in the epithelium and lamina propria of healthy control samples (I). In
dysplastic samples, PD-L1 was negative in the oral epithelium and positive in the lamina

propria (J, K). Scale bar = 100 pm. ** p < 0.01, **** p <0.0001

Figure 2. Fluctuation of dysplasia grade, inflammatory cell infiltration, and immune
checkpoint expression over time. Eight of the studied patients were followed over different

time intervals. The dysplasia grade (A), inflammatory cell infiltration (B), epithelium IDO1
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expression (C), lamina propria IDO1 expression (D), and PD-L1 positive cell count (E)

fluctuated over time. Each patient is presented in different colors.

Supplement. Dysplasia grade is negatively associated with epithelium IDO1 expression
and positively associated with lamina propria PD-L1" cell count. Expression of IDO1 in
the oral epithelium is negatively associated with dysplasia grade (A). A positive association is
observed between the number of the PD-L1 positive cells at the lamina propria and dysplasia

grade (B). * p<0.05, ** p<0.01.

TABLE LEGENDS

Table 1. Baseline characteristics of patients and healthy controls.

Table 2. Association between dysplasia grade, inflammatory cell infiltration, IDO1 and PD-
L1 expression, and patient characteristics. Spearman’s rank correlation was computed to
observe the strength and direction of association among variables. Patient characteristics

comparisons were done using Chi-square test.
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Table 1. Baseline characteristics of patients and healthy controls

Patients Control

Characteristics No. (%) No. (%)
Sex
Male 22 (46.8) 4 (44)
Female 25 (53.2) 5 (56)
Age (y)
<50 13 (27.7) 2 (22)
>50 34 (72.3) 7 (78)
Smoking NA
Smoker 14 (29.8)
Non-smoker 33 (70.2)
EDLF*
Yes 9 (19.1) 0 (0)
No 38 (80.9) 9 (100)
Site of biopsy
Tongue 35 (74.5)
Buccal/labial gingiva 8 (17)
Palate 2 (4.3)
Floor of the mouth 2 (4.3)
Alveolar mucosa 0 (0) 9 (100)
Previous Cancer
All Cancers 18 (38.3) 0 {0)

Oral squamous cell carcinoma 16 (34)

Oropharyngeal cancer i (2.1)

Melanoma 1 (2.1)

Urinary bladder cancer 1 (2.1)
Grade of Dysplasia NA
Mild 18 (38.3)
Moderate 18 (38.3)
Severe 11 (23.4)

*EDLF = Epithelial dysplasia with lichenoid features
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Table 2: Association between dysplasia grade, inflammatory cell infiltration, IDO1 and PD-L1 expression, and patient characteristics. Spearman’s

rank correlation was computed to observe the strength and direction of association among variables. Patient characteristics comparisons were

done using Chi-square test.

Dysplasia | Inflammatory | Epithelial Lp* LP Age Smoking | Previous | EDLF* | Gender | Site
grade cell infiltration | IDO1 IDO1 PDL-1 (50 or<) cancer (Male) | (Tongue)
e 5P rp np P P P P P P P
Dysplasia
grade 0.4; 0.003 -0.3;0.05 |0.3;0.01 |0.4;0.005 |0.4 0.2 0.7 0.03 0.01 0.7
Inflammatory
cell infiltration 0.6;
0.4; 0.003 -0.2;02 [031;05 | <0.0001 0.9 0.4 0.6 0.03 0.2 0.2
Epithelial
IDO1
-0.3;0.05 | -0.2;0.2 0.05;0.8 |-0.2;0.3 0.09 0.6 0.8 0.7 0.3 0.9
LP
IDO1
0.3; 0.01 0.1; 0.5 0.05; 0.8 0.1; 0.5 0.6 0.3 0.4 0.5 0.1 0.3
LP
PDL-1 0.6
0.4; 0.005 | 0.6; <0.0001 -0.2; 0.3 0.1; 0.5 0.5 0.06 0.9 0.05 0.1

*r = correlation coefficient

*¥p = calculated probability

“LP = Lamina propria

“EDLF = Epithelial dysplasia with lichenoid features

Statistically significant correlations are marked with bold.

This article is protected by copyright. All rights reserved.




Percentage of cases (%)
F-3 -3

8

Percentage of Cases (%)

This article is protected by copyright. All rights reserved.

Heathy Epithefium

Dysplastic Epithelium

1DO 1 Expression




[
1

Dysplasia Grade
r
h
Inflammatory cells infiltrate
ro

o
o
ER
=
]
o
~n
o
]
o
w |
o
& |
(=]
o
o

0 15 20 25 30 35 40
Time (months) Time (months})
34 34
c
2
7
@ 3
22 PR ik
g 3
s g
p 3
o4 w
814 ¢ 51-
5 8
2 5
P od & A
w
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (months) Time (months)
140 4
120
= 100+
5
o
Q 80
2
& 60
+
o
40 4
a 0
[ —
20 \
E"
0 5 10 15 20 25 30 35 40

Time (months)

This article is protected by copyright. All rights reserved.



