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Abstract

Approximately 15% of advanced head and neck squamous cell carcinomas (HNSCC) respond to
anti-PD-(L)1 monotherapies. Tumor PD-L1 expression and human papillomavirus (HPV) status
have been proposed as biomarkers to identify patients likely to benefit from these treatments. We
aimed to understand the potential immune effects of HPV in HNSCC and to characterize
additional potentially targetable immune-regulatory pathways in primary, treatment-naive tumors.
CD3, CD4, CD8, CD20, CD68, FoxP3, PD-1, PD-L2, LAG-3, IDO-1, and GITR cell densities
were determined in 27 HNSCC specimens. IHC for PD-L1 assessed percentage of positive tumor
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cells and immune cells separately or as a combined positive score (CPS), and whether PD-L1 was
expressed in an adaptive or constitutive pattern (i.e., PD-L1+tumor cells juxtaposed to TILs or in
the absence of TILs, respectively). HPV testing with p16 IHC was confirmed by HPV genotyping.
When compared to HPV/(=) tumors (n7=14), HPV+ tumors (n = 13) contained significantly higher
densities of CD3+, CD4+, CD8+, CD20+, and PD-1 + cells (< 0.02), and there was a trend
towards increased density of FoxP3 + cells. PD-L1 expression patterns did not vary by tumor viral
status, suggesting possible heterogeneous mechanisms driving constitutive vs adaptive PD-L1
expression patterns in HNSCC. IDO-1 expression was abundant (> 500 IDO-1 + cells/mm? in
17/27 specimens) and was found on tumor cells as well as immune cells in 12/27 (44%) cases
(range 5-80% tumor cells+). Notably, the studied markers varied on a per-patient basis and were
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not always related to the degree of T cell infiltration. These findings may inform therapeutic co-
targeting strategies and raise consideration for a personalized treatment approach.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is a major cause of cancer morbidity and
mortality worldwide [1]. It includes human papillomavirus-positive (HPV+) and -negative
HPV/(-) subtypes. In the United States, the incidence of HPV-associated HNSCC is on the
rise [2]. Even with the use of multi-modality treatment regimens including surgery,
chemotherapy, radiotherapy, and targeted therapy, approximately half of treated patients
experience disease recurrence or progression [3].

Therapies blocking the PD-1:PD-L1 immune checkpoint pathway have improved
progression-free and overall survival in a number of solid tumor types. There is great interest
in optimizing this treatment approach in HNSCC. Clinical trials of anti-PD-1 in platinum-
refractory recurrent/metastatic HNSCC showed objective responses in ~ 15% of patients,
and improved overall survival compared to salvage chemotherapy regimens, supporting FDA
approvals for pembrolizumab and nivolumab in this treatment setting [3-5]. Patients with
PD-L1+ compared to PD-L1 low/negative pretreatment tumor biopsies appeared to have
higher response rates and prolonged survival [3, 5]. More recently, pembrolizumab was
approved by the FDA for use in combination with chemotherapy (platinum and fluorouracil)
as first-line therapy for all patients with advanced HNSCC, and as a single agent for patients
whose tumors express PD-L1 (Combined Positive Score [CPS] = 1) [6]. While HPV+ and
HPV(-) HNSCCs contain similar mutational burdens [7], patients whose tumors express
oncogenic HPV proteins have shown a trend towards improved overall survival following
anti-PD-1 therapy [4], suggesting that foreign viral antigens might provoke strong antitumor
immunity mediating tumor control. However, the majority of patients with HNSCC do not
benefit from anti-PD-1 monotherapy, and there is a subset who experience rapid disease
progression [8]. Mechanisms underlying primary or acquired resistance to anti-PD-1 are
poorly understood. One possibility is that additional immunosuppressive pathways beyond
PD-1:PD-L1 are operative within the tumor microenvironment (TME) [9, 10].
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The purpose of this study was to characterize the HNSCC TME for expression of clinically
targetable immune-regulatory markers beyond PD-(L)1, including the immunosuppressive
molecules PD-L2, lymphocyte activation gene 3 (LAG-3), and indoleamine 2,3-dioxygenase
1 (IDO-1), and the costimulatory receptor glucocorticoid-induced TNFR-related protein
(GITR), and to correlate their expression with densities of specific immune cell subsets and
with tumor viral status. Importantly, while the expression of PD-L2, LAG-3, IDO-1, and
GITR has previously been reported across HNSCCs [1, 11], here, we report distinct patterns
of marker expression on a per-patient specimen basis.

Materials and methods

Case selection

Specimens were collected in compliance with the Institutional Review Boards of the
Netherlands Cancer Institute (NKI) and Johns Hopkins University (JHU). Twenty-seven
primary, treatment-naive HNSCC were identified in the NKI surgical pathology archives
(acquired 1985-2014). The cohort clinicopathologic characteristics are shown in Table 1. A
single representative formalin-fixed, paraffin-embedded (FFPE) block from each tumor
specimen was chosen for further study and immunostains were performed on serial 5 pm-
thick sections.

Human papillomavirus (HPV) status

Specimens were screened for p16 expression with immunohistochemistry (IHC) using the
CINtec(c)p16'NK42a detection system (REF 9517; Roche Diagnostics, Tucson AZ, USA).
Staining was performed according to the manufacturer’s protocol, with the exception of a
wash for 5 min in TBS containing 0.1% Tween 20 following the primary antibody
incubation. “p16+” was defined as strong diffuse nuclear and cytosolic staining in > 70% of
invasive tumor cells [12]. P16+ specimens then underwent HPV genotyping as previously
described [13]. In brief, SPF-10 polymerase chain reaction (PCR) testing was performed at
the Department of Pathology, Leiden University Medical Center. 10 um-thick sections were
cut from each FFPE block using PCR-precautions. DNA was extracted, and an initial PCR
generating a 150 base pair (bp) product was performed. Those generating a suitable product
were advanced to an SPF-10 INNO-LiPA HPV PCR using the manufacturer’s recommended
protocol (Innogenetics NV, Ghent, Belgium). SPF-10-negative samples were labeled ‘HPV-
negative’. The SPF-10-positive samples were further tested to determine HPV subtype. They
were first typed using an HPV16-specific PCR, and if negative for HPV16, were then
advanced to typing using the INNO-LiPA HPV Genotyping Extra kit (Innogenetics NV,
Ghent, Belgium).

Immunohistochemistry

Individual stains for CD3 (pan T cell), CD4 (T helper), CD8 (cytolytic T cell), CD20 (B
cell), and CD68 (macrophage) were performed according to standard automated IHC
methods. IHC for PD-L1 [14], PD-1 [15], LAG-3 [16], and GITR [17] was performed as
previously described. Of note, the PD-L1 IHC was performed using the SP142 clone in a
laboratory-developed test [14], and not the SP142 companion diagnostic test. The SP142
companion diagnostic assay detects less PD-L1 expression in both tumor cells and immune

Cancer Immunol Immunother. Author manuscript; available in PMC 2021 June 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Succaria et al.

Page 4

cells than other companion diagnostics, such as the 22C3, 28-8, and SP263 tests [18, 19].
However, when the SP142 antibody is optimized a laboratory-developed test with similar
assay conditions to other key PD-L 1 antibodies (22C3, 28-8, and SP263), it performs
comparably with regard to tumor and immune cell detection of PD-L1. These findings were
reported by two independent research groups in Sunshine et al. and Gaule et al. [14, 20], and
indicate that it is the assay conditions in the SP142 companion diagnostic test that drive the
differential performance and not the antibody itself.

The PD-L1 IHC assay used in the current study was the same laboratory-developed test
described in Sunshine et al. [14]. Specifically, antigen retrieval was performed for 10 min at
120 °C (Decloaking chamber, Biocare Medical) using a citrate buffer, pH 6.0 (Dako S1699).
Endogenous peroxidases, protein, and biotin were blocked (Fisher Scientific H325-500,
Serotec Block ACE, and Vector Avidin/Biotin Blocking Kit, respectively), and the primary
antibody (SP142, Spring Bioscience) was applied at a concentration of 0.096 pg/mL and
allowed to incubate at 4 °C for 22 h. The slides were then washed, and a biotinylated anti-
rabbit IgG (BD Biosciences) secondary antibody was applied at 1.0 pg/mL and allowed to
incubate for 30 min at room temperature. Signal was developed using an ABC Kit (\ector
Elite PK-6100), followed by amplification with the TSA Plus Biotin Kit (Perkin Elmer).
Samples were visualized with Streptavidin-HRP, followed by DAB chromogen and a
hematoxylin counterstain.

IHC for FOXP3 (T regulatory cells; Tregs), PD-L2, and IDO-1 was performed using
monoclonal antibodies, Table 2. Antigen retrieval was performed by ER2 (Leica
Biosystems), and signal was developed by Bond Polymer Refine Detection (Leica
Biosystems). Appropriate positive and negative controls were performed for all IHC assays.

Scoring of immune cell subsets and immune coregulatory molecule expression

Membranous (cell surface) PD-L1 expression on tumor or infiltrating immune cells was
scored visually by a board-certified pathologist as previously described [16] at
approximately 0, 5%, 10%, and increasing 10% intervals. PD-L1 expression on = 5% cells
among tumor cells (TCs) or immune cells (ICs) was considered positive for that cell type.
Intensity of immune cell infiltrates was graded as none (0), mild (1, rare lymphocytes),
moderate (2, infiltration of tumor periphery or extending away from perivascular regions), or
severe (3, diffuse infiltration or dense infiltrate surrounding the complete tumor perimeter).
Geographic association of tumor cell PD-L1/-L2 expression and immune infiltrates was
described by the following patterns: constitutive expression (PD-L expression without
immune cell infiltrates), adaptive (PD-L only in areas of immune cell infiltration), or mixed
(broad areas of constitutive PD-L expression, with enhancement in areas of immune cell
infiltration). A combined proportion score (CPS) for PD-L1 expression was also assigned for
each case. CPS is defined as the percentage of PD-L1(+) TCs and ICs relative to the total
number of TCs.

Immunostained slides were scanned at 20x objective equivalent (0.49 microns per pixel)
using a Nanozoomer XR (Hamamatsu Photonics, Hamamatsu City, Japan). The TME
(inclusive of tumor cells and 200 pum of peritumoral stroma) was annotated by a pathologist.
Necrotic, folded, or fragmented areas were excluded. Digital image analysis with HALO
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Immune Cell Module software (Indica Labs) was used to quantify marker-positive cell
densities, i.e., number of positive cells/mm?, using best-fit parameters for CD3, CD4, CD8,
CD20, CD68, FOXP3, PD-1, PD-L2, LAG-3, IDO-1, and GITR. For markers that were
expressed by both tumor and immune cells, marker-positive immune cell densities were
calculated by subtracting the estimated percent of positive tumor cells from the total marker-
positive cell density. The patterns and prevalence of immune cell infiltrates and coregulatory
molecule expression were then studied as continuous variables on a per-patient specimen
basis and tested for an association with tumor viral status. Patterns of PD-L1 expression
were also tested for an association with tumor viral status and infiltrating CD3+T cell
densities.

Results

Patient characteristics and tumor specimens

The median age of patients at diagnosis was 56 years; 85% were current or former smokers,
and 78% consumed alcohol. Among 27 tumor specimens, 16 (59%) expressed p16 protein
by IHC, and 13/27 (48%) were subsequently deemed to be HPV+ by viral genotyping
(twelve HPV16, one HPV58). Therefore, this study includes 13 HPV+ and 14 HPV/(-)
tumors. 85% (11/13) of the HPV+ tumors were non-keratinizing, and 86% (12/14) of the
HPV(-) tumors had a conventional histology (P = 0.0004, Fisher’s exact test), supporting
the alignment of histology with HPV status [21]. There was no significant association
between HNSCC histologic subtype and tumor cell PD-L1 expression (P = 0.42, Fisher’s
exact test) (Table 1).

PD-L1 and PD-L2 expression by tumor cells

PD-L1 expression was abundant in the HNSCC TME, with an average CPS of 35%.
Nineteen of 27 specimens (70%) had = 5% PD-L1+ tumor cells, including 9 HPV+ and 10
HPV(-) cases (Table 1). Among 23 tumors expressing PD-L1 on = 5% tumor cells, 22%
(5/23) exhibited a constitutive expression pattern (PD-L1+ tumor cells in the absence of
TILs), 52% (12/23) displayed an adaptive expression pattern (PD-L1+ tumor cells
juxtaposed to TILs), and 26% (6/23) had a mixed pattern (Fig. 1a-c, respectively). There was
no significant correlation between tumor cell PD-L1 expression or PD-L1 CPS and CD3+,
CDA4+ , or CD8+ T cell densities, most likely reflecting a component of constitutive PD-L1
expression in ~ 50% of the HNSCC cases in this cohort (Fig. 1d and Supplementary Fig. 1
for CD3+, CD4+, and CD8+ data not shown). The proportion of specimens showing each of
the tumor cell PD-L1 expression patterns was not associated with tumor viral status (P =
0.75, Fisher’s exact test) (Fig. 1e). PD-L2 expression, when observed, had an adaptive
pattern (15/15 specimens), with 13% (2/15) specimens also demonstrating a component of
constitutive tumor cell expression.

Immune cell infiltration and expression of immune coregulatory molecules in the HNSCC
TME

All HNSCC specimens contained infiltrating immune cells, scored as 1+ to 3+ according to
intensity and location [22]. Notably, immune cells expressed PD-L1 in 26/27 (96%)
specimens (range 5-80% of immune cells PD-L1+). The proportion of PD-L1+ immune
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cells often exceeded PD-L1+ tumor cells, and, in some cases, occurred even in the complete
absence of tumor cell PD-L1 expression. Neither the proportion of tumor cells nor
infiltrating immune cells expressing PD-L1 differed significantly between positive and
negative tumor viral status (P=0.89 and 0.27, respectively, Wilcoxon rank-sum test).

The HNSCC TME contained, on a per-specimen basis, varying densities of immune cells
expressing CD3, CD4, CD8, CD20, CD68, FOXP3, PD-1, PD-L2, LAG-3, IDO-1, and
GITR. Individual cases showed distinct intensities and patterns of immune coregulatory
molecule expression. For example, as shown in Fig. 2, specimens #4 and #8 both contained
T cell inflammation (CD3+ cells) with prominent PD-1 expression. However, specimen #8
contained LAG-3+ and GITR+ immune cell populations proportionate to PD-1 expression,
while specimen #4 had notably fewer LAG-3+ cells. Low-level GITR expression by tumor
cells was also seen in specimen #4, representative of 4/27 (15%) specimens in this study.

Of note, although IDO-1 is often described as being expressed by myeloid cells, it was
expressed by tumor cells as well as immune cells in 12/27 (44%) HNSCC cases, with 5—-
80% of all IDO-1+ cells being tumor cells. IDO-1 staining patterns differed across
specimens (Fig. 3). For example, specimen #8 showed constitutive tumor cell IDO-1
staining, whereas specimen #4 showed prominent IDO-1 display at the tumor—host interface
in tumor cells, CD68+ macrophages, and lymphocytes. Distinct histopathologic patterns of
IDO-1 expression were observed among 25/27 specimens that had = 5% positive cells: (1)
focal tumor-host interface expression (mostly immune cells and rare tumor cells) in 18/27
(67%) cases; (2) complete tumor—host interface (immune cells and tumor cells) in 4/27
(15%); and (3) constitutive (broad tumor cell expression, independent of the degree of
infiltrating immune cells) in 3/27(11%). Since IDO-1 expression can be induced by
interferon-gamma, the interface patterns suggest adaptive expression in response to cytokine
secretion by local, activated T cells. Neither tumor cell nor immune cell IDO-1 expression
differed by HPV status.

Computer-assisted quantification of densities of immune cell subsets and coregulatory
molecule expression

Image analysis was used to quantify densities of immune cell subset and coregulatory
marker expression for each tumor specimen. The specimens were then ranked by relative
CD3+ T cell densities, as represented by a color gradient (Fig. 4). CD4+, CD8+, CD20+,
FOXP3+, PD-1+, and LAG-3+ cell densities all increased with increasing CD3+ T cell
densities. In contrast, densities of immune cells expressing PD-L2, IDO-1, or GITR did not
correlate with T-cell density, perhaps reflecting constitutive tumor cell expression as
described above. IDO-1 and GITR expression were relatively abundant across the specimens
(> 500 marker-positive immune cells/mm? in 16/27 and 17/27 specimens, respectively).
Notably, individual patients showed strikingly different levels and patterns of PD-L2, IDO-1,
and GITR expression.

Cancer Immunol Immunother. Author manuscript; available in PMC 2021 June 09.
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Association of tumor HPV status with infiltrating immune cell subsets and coregulatory
marker expression
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When compared to HPV(-) tumors, HPV + tumors contained significantly higher densities
of CD3+, CD4+, CD8+, CD20+, and PD-1+cells; there was also a trend towards an
increased density of FOXP3+cells in HPV+ tumors (Fig. 5). Furthermore, when examining
only PD-L1+ tumors, these markers remained significantly higher in HPV+ vs. (=) tumors
(data not shown). In contrast, when comparing specimens in which tumor cells were PD-
L1+ vs. PD-L1(-), there were no significant differences in immune cell densities (data not
shown), consistent with our finding of constitutive PD-L1 expression in many of these
tumors.

Discussion

Despite the availability of anti-PD-1 drugs, platinum-refractory recurrent/metastatic HNSCC
remains a treatment challenge, and first-line anti-PD-1 monotherapy or chemotherapy
combination benefits only a proportion of patients. As such, there is great interest in
developing new immunotherapy strategies for patients with HNSCC, and numerous clinical
trials are currently underway. Previous studies of large datasets, including TCGA analysis
[1], have shown that multiple checkpoints are expressed in HNSCC; however, an
understanding of the interrelationship of these markers in situ and on an individual patient
basis is still lacking. In the current study, we demonstrate that the immune
microenvironment of HNSCC is heterogeneous, being characterized by various immune cell
populations and coregulatory molecules which are not always dependent on viral status or
the degree of inflammation in the TME.

Viral oncoproteins have been proposed as a marker of tumors susceptible to PD-1 blockade.
Both HPV+ and HPV(-) HNSCC tumors have an immune-active TME. Our findings that
HPV+ tumors had significantly increased densities of CD3+, CD4+, CD8+, CD20+, and
PD-1+ cells compared to HPV/(-) cases are in keeping with previous reports [1, 23]. Markers
of immune activation (perforin and granzyme A and B) and CD56+ natural killer cells have
also been observed to be elevated in HPV+ compared to HPV(-) HNSCC [1]. Taken
together, these findings suggest a stronger intratumoral immune reaction in the presence of
the HPV oncogenic virus, which may explain the markedly better prognosis associated with
HPV + HNSCC compared with HPV (=) tumors [24], and improved overall survival
following anti-PD-1 therapy [4, 6].

The expression of PD-L1 in the TME has been widely studied as a prognostic biomarker as
well as a predictor of therapeutic response to anti-PD-1. Patients with chemotherapy-
refractory PD-L1+ HNSCC who received anti-PD-1 therapies appeared to have prolonged
overall survival, compared to those with PD-L1 low/negative tumors [3, 5]. Furthermore, in
the front-line setting, pretreatment tumor PD-L1 expression is FDA-approved as a biomarker
to select patients with advanced HNSCC for anti-PD-1 monotherapy [6]. In the current
report, the TME in both HPV+ and HPV (=) HNSCC contained abundant PD-L1 expression
on tumor and/or immune cells. Of note, different patterns of tumor cell PD-L1 expression
were observed (adaptive, constitutive, or mixed), which did not correlate with viral status.
These different patterns provide insight as to why binary PD-L1 “status” (positive vs.
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negative with respect to a given threshold) may not perform well as a solitary biomarker in
HNSCC [25]. It is also possible that a marker such as PD-1/PD-L1 distance, which can help
separate adaptive from constitutive expression, may be more specific for identifying patients
likely to respond to anti-PD-(L)1 therapy [26].

PD-L2, the second ligand for the PD-1 receptor, is also recognized as playing a role in local
immunosuppression within the TME by downregulating T cell activation following
engagement with PD-1 [27]. PD-L2 expression has been described on immune as well as
tumor cells. PD-L2 protein expression is not as well characterized as for PD-L1, although
some studies on its prognostic and predictive implications have been performed. One study
showed that PD-L2 is a poor prognostic marker for p16(-) HNSCC patients [28]. Another
showed that PD-L2 expression detected by IHC had additive value over PD-L1 status alone
in predicting response to anti-PD-1 in patients with HNSCC [11]. In the current study, some
degree of PD-L2 expression was detected in nearly every tumor specimen, but this was quite
variable (range 3-1270 positive cells/smm?). PD-L2 expression did not correlate with viral
status, nor with CD3+ T cell densities. The development of PD-L2 as a biomarker may
benefit from an analysis of whether the distance between PD-1+ and PD-L2+ cells is more
predictive of treatment outcomes than PD-L2 status alone.

Regulatory T cells (Tregs) are thought to play an immunosuppressive role in the TME
during tumor development and may potentially antagonize anti-cancer strategies. In a
comparison of 10 different tumor types using the TCGA dataset, HNSCC expressed the
highest level of Treg markers, suggesting that therapies targeting Tregs may be of specific
interest in this tumor type [1]. Here, we found that Tregs were present in both HPV+ and
HPV(-) HNSCC tumors, with a trend towards increased density in HPV+ cases. Two of the
immunoactive molecules studied here, IDO-1 and GITR, are thought to modulate the Treg
population, i.e., IDO facilitates the proliferation and activation of Tregs by decreasing
bioavailable tryptophan within the TME [29], while GITR inhibits Treg-mediated
immunosuppression by reducing IL-10 secretion and inducing CD8+ T cell expansion [30].
In our study, IDO-1 expression was relatively abundant and was expressed by tumor cells as
well as immune cells in 44% of cases. There was also a broad range of GITR expression,
which, in some cases, was expressed at a higher density than IDO-1. The inter-patient
heterogeneity of immune coregulatory molecule expression as well as the extent of IDO-1
and GITR expression in certain cases was particularly notable, suggesting that targeted
inhibition of IDO-1 or stimulation of GITR in select patients may help reverse Treg-
mediated immunosuppression within the TME. In the future, additional insights may be
potentially be gained using emerging multiplexing technologies to characterize
immunoactive protein patterns of co-expression on a single-cell basis, in addition to the
patterns across the entire TME reported here [31].

In conclusion, this study suggests a stronger immune response against HPV+ compared to
HPV(-) HNSCC tumors, but no significant difference according to tumor cell PD-L1 status
or CPS. It also suggests that different expression profiles of various immune-regulatory
molecules occur in individual tumors. There are currently many ongoing clinical trials that
pair anti-PD-1 with one or more additional coregulatory agonists/antagonists. Although
based on a modest-sized cohort, our findings suggest that a personalized combination

Cancer Immunol Immunother. Author manuscript; available in PMC 2021 June 09.
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immunotherapy approach to HNSCC based on characterizing each patient’s unique TME
may be warranted. Trials investigating the safety and feasibility of utilizing real-time tumor
profiling to select specific immunotherapeutic agents for patients are currently underway
[32]. Our findings suggest that an adaptive trial design for testing the next generation of
immunotherapeutic regimens may be of particular value in patients with advanced HNSCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Pa%terns of PD-L1 expression in HNSCC. Representative examples of a constitutive
adaptive, b adaptive, and ¢ combined constitutive and adaptive (mixed) patterns of tumor
cell PD-L1 expression are shown. PD-L1 staining is marked by brown chromogen. Purple
arrows mark areas of adaptive tumor cell PD-L1 expression at the interface with infiltrating
lymphocytes. d There was no significant correlation between tumor cell PD-L1 expression
and infiltrating CD3+ T cell densities (r= - 0.0358, £=0.86) or PD-L1 CPS and CD3+ cell
densities (r=0.21, P=0.29, see Supplementary Fig. 1 for CPS figure), consistent with the
finding of constitutive tumor cell PD-L1 expression in many cases. e Distinct patterns of
tumor cell PD-L1 expression in HNSCC specimens did not correlate with tumor viral status.
400x%, 100x%, and 200x, original magnifications for panels a, b, and c, respectively
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Fig. 2.

Pa%terns and prevalence of immune cell infiltrates and coregulatory molecule expression
vary by HNSCC specimen. Individual tumor specimens showed varied expression of
different markers. For example, both specimens #4 and #8 (top and bottom rows,
respectively) are CD3+ T cell inflamed tumors with prominent PD-1 expression. However,
specimen #8 also shows LAG-3+ and GITR+ immune cell populations proportionate to
PD-1 expression, while specimen #4 has notably less LAG-3 expression. Low-level GITR
expression by tumor cells is also present in specimen #4 (black arrow). Additionally, IDO-1
staining patterns differed across specimens. For example, specimen #8 shows constitutive
tumor cell IDO-1 expression, whereas specimen #4 shows prominent IDO-1 display at the
tumor-host interface in an adaptive pattern
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Patterns of IDO expression in the TME of HNSCC. Distinct patterns of IDO cell expression
were observed including a complete interface pattern (tumor islands ringed by IDO + tumor
cells and macrophages), b focal interface pattern (predominantly immune cell expression
with rare tumor cell expression), and ¢ constitutive tumor cell expression. There was no
statistical significance of d tumor cell expression or e expression pattern between HPV+ and
HPV(-) HNSCC specimens
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10000

densities and coregulatory marker expression. Colors indicate density of marker-positive
immune cells. All 27 HNSCC specimens are ranked by CD3+ T cell densities, and specimen
IDs are provided to the left of the figure. HPV status is provided to the right
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CD3 CD4 (CD8 CD20 CD68 FOXP3 PD-1 LAG-3 PD-L2 IDO* GITR*

Immune cell subsets and coregulatory molecule expression on immune cells in HPV+ vs.
HPV(-) HNSCC. Protein marker expression was detected with immunohistochemistry and
analyzed digitally, as detailed in “Materials and methods”. When compared to HPV(-)
tumors, HPV+ tumors contained significantly higher densities of CD3+, CD4+, CD8+,
CD20+, and PD-1+ cells; there was also a trend towards an increased density of FOXP3+
cells in HPV+ tumors. Expression of IDO-1 and GITR by immune cells was robust, but did
not differ by tumor viral status. P-values, 2-sided Wilcoxon rank-sum test with exact
distribution. Error bars display mean £ SEM
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Table 2

Primary monoclonal antibodies used for FOXP3, PD-L1, PD-L2, and IDO-1 IHC

Clone Source Staining concentration
FoxP3  236A/E7  Abcam 10 pg/mL
PD-L1 SP142 Spring Bioscience 0.096 ug/mL
PD-L2 FO4 Bristol-Myers Squibb 1 pg/mL
IDO-1  SP260 Spring Bioscience 1.19 pg/mL
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