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Prognostic effect of programmed cell death ligand
1/programmed cell death 1 expression in cancer stem
cells of human oral squamous cell carcinoma
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Abstract. The relationship between cancer stem cells (CSCs)
in oral squamous cell carcinoma (OSCC) and programmed
cell death ligand 1 (PD-L1)/programmed cell death 1
(PD-1) remains unclear. Therefore, the present study aimed
to clarify the association between the CD44v3"eh/CD24'™
immunophenotype of CSCs in OSCC and PD-L1/PD-1
co-expression, and to assess the prognostic effect of CSCs
in terms of immune checkpoint molecules. Formalin-fixed,
paraffin-embedded tissue samples and clinicopathological
data from 168 patients with OSCC were retrospectively
retrieved. Immunohistochemical staining and reverse tran-
scription quantitative polymerase chain reaction were applied
to a tissue microarray of the invasive front of each case.
Semi-automated cell counting was used to assess CD44v3,
CD24, PD-L1 and PD-1 expression by immunohistochemistry
(IHC) using a digital image analysis program. Associations
between immunological markers and clinicopathological
variables were estimated. Patients with the CSC immu-
nophenotype CD44v3"e"/CD24"¥, and patients with a high
PD-L1/PD-1-positive cell density in the tumor parenchyma
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and stroma had significantly lower survival rates. Furthermore,
patients with the CSC immunophenotype (CD44v3"eh/CD24")
and high PD-L1/PD-1 co-expression had even lower survival
rates (P<0.01, log-rank test). Notably, there was a positive
correlation between CD44v3 and PD-L1 expression (t=0.1096,
P=0.0366, Kendall rank correlation coefficient) and a negative
correlation between CD24 and PD-1 expression (t=-0.1387,
P=0.0089, Kendall rank correlation coefficient). Additionally,
the high CD44v3 expression group, as determined by IHC,
exhibited significantly decreased expression of U2 small
nuclear RNA auxiliary factor 1 (U2AF1) at the mRNA level
compared with that in the low CD44v3 expression group
(P<0.001, Mann-Whitney U test), and U2AF1 and PD-LI
mRNA expression exhibited a significant negative correlation
(t=-0.3948, P<0.001, Kendall rank correlation coefficient).
In conclusion, CSCs in OSCC may evade host immune
mechanisms and maintain CSC stemness via PD-L1/PD-1
co-expression, resulting in unfavorable clinical outcomes.

Introduction

Oral cancer is the eighth most common cancer worldwide
with high morbidity and low survival rates, the majority of
which is oral squamous cell carcinoma (OSCC) (1). Despite
recent advances in diagnostic accuracy, treatment modalities,
and combinations of various chemotherapeutic agents that
have improved quality of life, mortality from this disease is
high because of local recurrence and distant metastasis. Such
treatment failures are due to a small population of cancer
stem cells (CSCs) responsible for tumorigenesis and resistance
to conventional therapies such as pharmacotherapy and
radiotherapy (2,3).

Therefore, attempts have been made to identify CSCs
using various cell surface markers, such as CD44, its variant
form CD44v3, and CD24, in various solid tumor types
including oral and breast cancers (4-9). However, most stem
cell markers currently used to identify CSCs do not have suffi-
cient specificity, and a single marker is not sufficient as direct
therapeutic targets (8,10,11). These markers are routinely used
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in combination for the isolation of pure CSCs. In OSCC, CD44
or CD44v3 combined with CD24 is used for CSC isolation.
CD44v3 is an alternatively spliced variant of CD44, a multi-
functional transmembrane glycoprotein expressed in many
cancer types (12,13). CD44v3 is regulated by U2 small nuclear
RNA auxiliary factor 1 (U2AF1), an essential spliceosome
component, which enhances cancer cell proliferation and
promotes stemness of CSCs (14). On the other hand, CD24
is a glycosylphosphatidylinositol anchor (15) that binds to the
extracellular matrix and cell membrane (16). CD24 expres-
sion in cancer is reduced by Twist, one of the well-known
Epithelial-mesenchymal transition (EMT) factors (17), and it
is speculated that CD24 depletion is a prerequisite for EMT
induction (8). We previously reported that CD44v3"eh/CD24o™
cells in OSCC have CSC characteristics, namely a self-renewal
capacity and drug resistance, and that patients with more CSCs
have a less favorable prognosis (7). On the other hand, dysfunc-
tion of the immune system, which is crucial for carcinogenesis
and evolution of various solid tumor types (18-21), may also be
involved in treatment failure of OSCC. In particular, immune
checkpoint molecules, such as programmed cell death ligand
1 (PD-L1) and programmed cell death 1 (PD-1), play an
essential role in immune evasion of tumors (22). They are
also associated with the degree of tumor malignancy (19-21).
When tumor cells overexpress PD-L1, this molecule binds
to the PD-1 receptor of T cells around the tumor, activating
the PD-L1/PD-1 checkpoint pathway to attenuate immune
responses (23). PD-L1/PD-1 co-expression is an independent
poor prognostic for OSCC (24,25). Recent studies have shown
that PD-L1/PD-1 checkpoint inhibition is effective for treating
head and neck squamous cell carcinomas (HNSCCs), including
OSCC, and is beginning to be applied clinically (26,27). The
only clinical immune checkpoint inhibitor used for OSCC
targets the PD-L1/PD-1 axis, the key molecule in OSCC.

Recently, in HNSCC, there have been a few reports of a
potential association between PD-L1 and CSCs. CD44-positive
CSCs increase PD-L1 expression and promote T cell-mediated
immunosuppression in HNSCC (28), and tumors expressing
PD-L1 mediate immunosuppression, EMT, and CSC pheno-
type (29,30). In OSCC, PD-L1 knockdown has also been
shown to suppress the induction of Akt phosphorylation
and Stat3 phosphorylation (31), suggesting that PD-L1 may
contribute to the maintenance of CSC stemness through Akt
phosphorylation. However, the relationship between CSCs and
the PD-L1/PD-1 axis in OSCC is still unclear, with only a few
reports discussing the association. Therefore, we performed a
clinicopathological study to clarify the relationship between
cell surface markers CD44v3 and CD24 and immune
checkpoint molecules PD-L1 and PD-1.

Materials and methods

Study design and patient cohort. This study was a retrospective
analysis of 168 untreated OSCC patients (mean age:
69.307 years; age range: 28-95 years) who visited the Kurume
University Hospital Dental and Oral Medical Center from
January 2013 to December 2015. Eligible patients had biopsy-
or resection-proven OSCC, no prior treatment for oral cancer,
and a sufficient sample volume to prepare a tissue micro-
array (TMA) for immunohistochemical analysis. The design

and methods of this study complied with the ethical guidelines
of the Declaration of Helsinki and the guidelines for research
involving human subjects of the Ethical Review Committee of
the Clinical Research Center of Kurume University Hospital.
Institutional review and approval were obtained prior to
commencing the study (approval number: 22217). Written
informed consent was obtained before patient participation
in the study, and clinical specimens were obtained from each
patient in accordance with the approved guidelines.
Postoperative recurrence was defined as lymph node
(LN) metastasis and/or local recurrence. In this study, 41 of
168 patients had postoperative recurrence. Of these patients,
16 were LN metastases, 9 were local recurrences, and 16 were
LN metastases and local recurrences. Sixteen of 168 patients
died during the observation period, and were insufficient to
assess patient prognosis by overall survival. As the primary
treatment, surgery was performed in 158 cases, of which 58
underwent cervical neck dissection. Postoperative therapy,
including radiotherapy and/or chemotherapy, was conducted
for 40 of the 168 patients. Thirty-eight of the 41 patients with
postoperative recurrence underwent cervical neck dissection
and/or reoperation. The other three patients received systemic
chemotherapy because of distant metastases. The cases and
clinicopathological features were shown in Table I.

TMA preparation. A TMA was used for multiple histological
analyses of tissue specimens. TMA blocks were prepared
using an arraying device (Azumaya, Tokyo, Japan). Depending
on the amount of tissue collected, two or three cores of 5 mm
in diameter were punched from the invasive front of the tumor
portion of the Formalin-fixed, paraffin-embedded (FFPE)
tissue block of each patient and placed onto the recipient TMA
block. Each TMA block contained 11 cores.

Histopathological analysis. Biopsy or resected specimens
were used in study. Specimens were prepared as 4 ym-thick
sections from TMA FFPE blocks and stained with hematox-
ylin-eosin to confirm the diagnosis and histological grade by
experienced oral pathologists (KT and YA.). The histopatho-
logical tumor-node-metastasis (TNM) stage was defined by the
Union for International Cancer Control TNM Classification of
Malignant Tumors, 8th edition. The mode of tumor invasion
was defined by Yamamoto-Kohama (YK) criteria as follows:
grade 1, well-defined borderline; grade 2, cords and a less
marked borderline; grade 3, a group of cells and no distinct
borderline; grade 4C, diffuse invasion of the cord-like type;
grade 4D, diffuse invasion of the widespread type (32). Patient
and tumor characteristics were shown in Table I.

Immunohistochemistry (IHC). FFPE TMA block samples
were cut at 4 ym thicknesses, examined on a coated glass slide,
and labeled with antibodies using the Bond-III autostainer
(Leica Microsystems, Newcastle, UK). Primary antibodies
were against CD44v3 (mouse anti-human monoclonal anti-
body, cat. no. BMS144, 1:200 dilution, clone VFF-327 variant
3, Bender MedSystems, Vienna, Austria), CD24 (mouse
anti-human monoclonal antibody, cat. No. NB100-64861, 1:100
dilution, clone SN3, Novus Biologics, Briarwood, USA), PD-L1
(rabbit anti-human monoclonal antibody, 1:50 dilution, clone
28-8, cat. no. ab205921, Abcam, Cambridge, MA, USA), and



ONCOLOGY LETTERS 27: 79, 2024 3

Table I. Associations of the CSC immunophenotype with various clinicopathological characteristics and PD-L1/PD-1 expression.

CSC immunophenotype

Characteristic Cases (%) CSC non-CSC P-value
Age, years NS
>60 40 (23.8) 14 26
<60 128 (76.2) 32 96
Sex NS
Male 87 (51.8) 25 62
Female 81 (48.2) 21 60
Location NS
Tongue 76 (45.2) 23 53
Gingiva 63 (37.5) 12 51
Floor of mouth 11 (6.5) 4 7
Buccal mucosa 13 (7.7) 6 7
Palate 3(1.8) 1 2
Lip 2(1.2) 0 2
Histological grade® NS
Grade 1 141 (83.9) 42 99
Grade 2/3 27 (16.1) 4 23
Lymphatic vessel invasion 0.063
Yes 48 (28.6) 18 30
No 120 (71.4) 28 92
pT classification NS
T1/T2 122 (72.6) 38 84
T3/T4 46 274) 8 38
Nodal status® 0.02
N+) 64 (38.1) 24 40
N(-) 104 (61.9) 22 82
Stage NS
v 101 (60.1) 30 71
/v 67 (39.9) 16 51
Mode of invasion (YK classification)* NS
Grade 1/2 66 (39.3) 16 50
Grade 3 58 (34.5) 15 43
Grade 4C/4D 44 (26.2) 15 29
Post-operative local recurrence 0.043
Yes 25 (14.9) 11 14
No 143 (85.1) 35 108
Post-operative lymph node metastasis 0.006
Yes 32 (19.0) 15 17
No 136 (81.0) 31 105
Post-operative recurrence? 0.002
Yes 41 (24.4) 19 22
No 127 (75.6) 27 100
PD-L1/PD-1 0.002
Group A°® 45 (26.8) 8 37
Group B¢ 76 (45.2) 16 60
Group C® 47 (28.0) 22 25

*The histological grade was determined by the World Health Organization classification (2017). G1, well differentiated; G2, moderately
differentiated; G3, poorly differentiated."Nodal status indicates the presence of lymph node metastasis at the time of the first visit to our depart-
ment. “Mode of tumor invasion was determined by Yamamoto-Kohama criteria (20). “Postoperative recurrence was defined as lymph node
metastasis and/or local recurrence. ‘Group A, PD-L1"°¥/PD-1*%; group B, PD-L1"&"/PD-1"" or PD-L1"¥/PD-1""; group C, PD-L1"¢"/PD-1"e",
P<0.05 was considered significant. CSC, cancer stem cell; PD-1, programmed cell death 1; PD-L1, PD ligand 1; NS, not significant;
YK, Yamamoto-Kohama.




4 TODOROKI et al: PD-L1/PD-1 EXPRESSION IN CANCER STEM CELLS OF ORAL SQUAMOUS CELL CARCINOMA

PD-1 (mouse anti-human monoclonal antibody, 1:100 dilution,
clone NAT105, cat. no. ab52587, Abcam, Cambridge, MA,
USA). Briefly, antigen retrieval was performed by heat treat-
ment in epitope retrieval solution 1 (pH 6) for 30 min, followed
by attenuating non-specific protein binding by incubation
for 30 min with 10% goat serum. Anti-CD44v3 and CD24
antibodies were incubated for 30 min. Anti-PD-L1 and -PD-1
antibodies were treated by heat in epitope retrieval solution 2
(pH 9) for 30 min and then incubated for 30 min. The auto-
mated system used a Refine polymer detection system (Leica
Microsystems, Newcastle, UK) with horseradish peroxidase
polymer as the secondary antibody and 3,3' diaminobenzidine
as the chromogen. Negative controls included PBS instead
of primary antibody. Expression analysis was performed to
measure the positive expression area in all cases using Win
ROOF software (version 7.4.5, Mitani Corporation, Osaka,
Japan). Images of positive cells were selected for clarity in
five high-power fields of the invasive front from each THC
specimen using a CCD digital camera (DXM1200, Nikon,
Tokyo, Japan) with light microscope (BX43, Olympus, Tokyo,
Japan). The digitized data of the positive expression area
(um?) were measured and averaged. The labeling index for
each case was calculated as follows: for CD44v3, CD24, and
PD-L1, the denominator was all the area of all cancer cells in
the region of interest (the invasive front in the TMA core), and
the numerator was all the area of cancer cells stained by DAB
for each antibody in the same region of interest. For PD-1, the
denominator is all the area of inflammatory cells in the region
of interest around the tumor (the invasive front in the TMA
core). The numerator is all the area of inflammatory cells
stained by DAB (CD24-positive cells) in the same region of
interest. The percentage of positive cells, or labeling index, for
each antibody, was calculated as a percentage by dividing the
numerator by the denominator mentioned above. Finally, the
median value was calculated by univariate analysis (n=168) for
the labeling index for each antibody. The calculation of the
labeling index was based on the previous report (24).

mRNA extraction from TMA sample. For the extraction of
RNA, each TMA block from 168 OSCC cases was used. The
TMA blocks were sectioned to a thickness of 10 ym using
a Leica RM2245 microtome (Leica Microsystems K.K.,
Tokyo, Japan) with an RNase-free water-treated blade. For the
preparation of RNA from TMA blocks, the RNeasy FFPE kit
(QIAGEN GmbH, Hilden, Germany) was used according to
manufacturer's recommendations. Depending on each TMA
core, 1 to 4 sections of 10 ym thickness were used per prepara-
tion of RNA. For RNA preparation from RNAlater stabilized
samples, RNeasy plus kits were used. RNA isolation was
carried out in an RNase-free environment. RNA yields were
determined by Nanodrop ND 1000 (Thermo Fisher Scientific,
Waltham, MA, USA).

Complementary DNA (cDNA) preparation followed by
reverse transcription quantitative polymerase chain reaction
(RT-qPCR) for gene expression assay. cDNA was synthesized
using the Reverse Transcription System (Promega, Madison, W1,
USA) according to the manufacturer's instructions. RT-qPCR
was performed to examine the expression of U2AF1, CD24,
PD-L1, and PD-1 with ABI PRISM 7500 (Applied Biosystems,

Foster City, CA, USA). Gene expression assays and primer and
probe mixes were used for U2AF1, CD24, PD-L1, and PD-1,
and B-actin [assay IDs (Hs00739599_m1, Hs04405694_m1,
Hs00204257_m1, Hs01550088_m1, and Hs99999903_ml,
respectively; Thermo Fisher Scientific, Waltham, MA, USA)],
and thermal cycler conditions were as follows: initial incuba-
tion at 95°C for 10 min, then 40 cycles alternating in turn with
95°C for 10 sec, 60°C for 20 sec, and 72°C for 15 sec, and then
maintained at 72°C for 10 min. Comparative gene expression
analysis was performed using the 2("*2°Y) method (33) with
normalization to the level of internal control gene, B-actin.

Statistical analysis. Statistical analyses were performed using
JMP software version 16 (SAS Institute Inc., Cary, NC, USA).
The Pearson y test and Fisher's exact test were used to assess the
significance of between-group differences in clinicopathological
characteristics. Kendall rank correlation coefficient was used to
analyze the correlation between CD44v3 and PD-L1 expression
in IHC, PD-1 and CD24 expression in IHC, and PD-L1 and
U2AF]1 expression at mRNA level. Mann-Whitney U test was
used to analyze the correlation between the immunophenotype
of CD44v3 and U2AF1 at mRNA level, immunophenotype and
genotype of CD24, immunophenotype and genotype of PD-L1,
and immunophenotype and genotype of PD-1. Univariate
and multivariate analyses using a Cox proportional hazards
regression model were applied to examine the effect of clinico-
pathological characteristics, CSC markers (CD44v3 and CD24),
and PD-L1/PD-1 co-expression on postoperative recurrence.
Survival curves were generated by the Kaplan-Meier method,
and the log-rank test was used to calculate P-values. P<0.05 was
considered statistically significant.

Results

Immunohistochemical evaluation of CSC markers and
PD-LI/PD-I. Immunohistochemical analysis was performed
to examine the expression of CD44v3, CD24, PD-L1, and
PD-1 in 168 OSCC patients. Various expression levels of
CD44v3 (Fig. 1B, G, L and Q), CD24 (Fig. 1C, H, M and R),
and PD-L1 (Fig. 1D, I, N and S) were observed in tumor cell
membranes at the invasive front among the cases. Various
levels of PD-1 expression were also analyzed in inflamma-
tory cells around the invasive front of tumors (Fig. 1E, J,
O and T). The median labeling indices of CD44v3, CD24,
PD-1, and PD-L1 were 29.1, 6.1, 1.6, and 6.1%, respectively.
Next, all OSCC patients were classified into high and low
expression groups for each molecule using the median value
as the cutoff. All OSCC patients were then classified into
two subgroups by the CSC immunophenotype. Specifically,
CD44v3Me"CD24"" was designated as the CSC group, and
CD44v3"°Y/CD24"" and CD44v3"e"/CD24"Me" as the non-CSC
group. Additionally, all OSCC patients were classified into
three subgroups by the mode of PD-L1/PD-1 co-expression as
follows: group A, PD-L1"°*/PD-1""; group B, PD-L"¢"]/PD-1""
or PD-L1°*/PD-1"¢"; group C, PD-L1"¢"/PD-1"&" Based on
these classifications, four different cases with different expres-
sions of each cell surface marker were shown in Fig. 1, and
the clinical characteristics of each were as follows: Fig. 1A-E
(Case 1,61 age, male, tongue), Fig. 1F-J (Case 2,91 age, female,
lower gingiva), Fig. 1K-O (Case 3, 39 age, female, tongue), and
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Case 1

Case 2

H&E CD44v3 CD24 “PD-L1

Figure 1. Representative micrographs of H&E staining and immunohistochemical classification in accordance with CD44v3, CD24, PD-L1, and PD-1 expres-
sion patterns. Four different cases with different expressions of each cell surface marker are shown. (A-E) Photomicrographs of the same case (Case 1, 61
age, male, tongue). (A) H&E staining. (B) CD44v3 and (C) CD24 immunoreactivity. (D) PD-LI and (E) PD-1 immunoreactivity. This case is classified as
CD44v3""/CD24"" (non-CSC pattern) and PD-L1°%/PD-1"" (group A). (F-J) Photomicrographs of the same case (Case 2, 91 age, female, lower gingiva).
(F) H&E staining. (G) CD44v3 and (H) CD24 immunoreactivity. Both CD44v3 and CD24 are expressed on the cancer cell membrane. (I) PD-L1 and (J) PD-1
immunoreactivity. PD-L1 is expressed on the cancer cell membrane. This case is classified as CD44v3"¢"/CD24"e" (non-CSC pattern) and PD-L1"&"/PD-1'""
(group B). (K-O) Photomicrographs of the same case (Case 3, 39 age, female, tongue). (K) H&E staining. (L) CD44v3 and (M) CD24 immunoreactivity.
CD44v3 is expressed on the cancer cell membrane. (N) PD-L1 and (O) PD-1 immunoreactivity. PD-1 expression is observed in lymphocytes around cancer
nests. This case is classified as CD44v3"e"/CD24"*" (CSC pattern) and PD-L1°¥/PD-1"" (group B). (P-T) Photomicrographs of the same case (Case 4, 54 age,
male, tongue). (P) H&E staining. (Q) CD44v3 and (R) CD24 immunoreactivity. CD44v3 is expressed on the cancer cell membrane. (S) PD-L1 and (T) PD-1
immunoreactivity, respectively. PD-L1 is expressed on the cancer cell membrane. PD-1 expression is observed in lymphocytes around cancer nests. This case
is classified as CD44v3"e/CD24"¥ (CSC pattern) and PD-L1"e"/PD-1"¢" (group C). Arrowheads indicate regions where CD44v3, CD24, or PD-L1 expression is
highlighted. Arrows indicate regions where PD-1 expression is highlighted. Scale bars: 100 ym. H&E, hematoxylin and eosin; PD-1, programmed cell death 1;

PD-L1, programmed cell death ligand 1.

Fig. 1P-T (Case 4, 54 age, male, tongue), respectively. Then,
the immunophenotypes of each case are as follows: Case 1;
CD44v3"°*/CD24"* (non-CSC pattern) and PD-L1"*/PD-1'""
(group A), Case 2; CD44v3Meh/CD24Me" (non-CSC pattern)
and PD-L1"¢"/PD-1"" (group B), Case 3; CD44v3"eh/CD24'~
(CSC pattern) and PD-L1"°*/PD-1"¢" (group B). Case 4;
CD44v3hieh/CD24"°Y (CSC pattern) and PD-L1"eh/PD-1hih
(group C). The CD44v3-positive rate was significantly
positively correlated to the PD-L1 labeling index (1=0.1096,
P=0.0366, Kendall rank correlation coefficient) (Fig. 2A).
On the other hand, the CD24-positive rate was significantly
negatively correlated to the PD-1 labeling index (t=-0.1387,
P=0.0089, Kendall rank correlation coefficient) (Fig. 2B).
However, as the t-values were <0.3/-0.3, these correlations are
considered to be very weak.

Analysis of CSC markers-related gene and PD-LI/PD-1
gene expression by RT-gPCR. RT-qPCR was performed to
examine the expression of CSC-related molecules (U2AF1
and CD24) and PD-L1/PD-1 at mRNA level in 168 OSCC
patients. For CD24 and PD-1, no significant correlation was
found between the immunophenotype and the genotype. On
the other hand, a significant negative correlation was found
between the expression of CD44v3 in IHC and U2AF]1 at
mRNA level (P<0.001, Mann-Whitney U test) (Fig. 3A).
Moreover, a significant positive correlation was found between
the immunophenotype and genotype of PD-L1 (P<0.001,
Mann-Whitney U test) (Fig. 3B). In addition, U2AF1 expres-
sion was significantly negatively correlated to the PD-L1

expression at mRNA level (t=-0.3948, P=0.0053, Kendall
rank correlation coefficient) (Fig. 3E). On the other hand,
for PD-1 and CD24, no significant correlation was observed
between the immunophenotype in IHC and the genotype at
the mRNA level, respectively (Fig. 3C and D).

Associations of the CSC immunophenotype with various
clinicopathological factors and PD-LI1/PD-1 expression. As
shown in Table I, the associations of CSC surface markers
with clinicopathological factors were investigated in all 168
OSCC patients. The nodal status (prevalence rates of cervical
LN metastasis), postoperative local recurrence, and postopera-
tive LN metastasis were significantly higher in the CSC group
than in the non-CSC group (Table I). Moreover, PD-L1/PD-1
co-expression was significantly associated with the CSC
immunophenotyped (Table I). Conversely, other clinical
factors, including age, gender, location, histological grade,
lymphatic vessel invasion, pT classification, stage, and mode
of tumor invasion, did not differ significantly between CSC
and non-CSC groups.

As shown in Table I, the associations between postoperative
recurrence-free survival (RFS) and individual clinicopatho-
logical factors, including CSC markers and PD-L1/PD-1
co-expression, were assessed by univariate and multivariate
analyses. In univariate analysis of postoperative RFS, nodal
status [hazard ratio (HR) 2.12, 95% confidence interval (CI)
1.14-3.92], mode of invasion (HR 3.01, 95% CI 1.38-6.55),
CSC immunophenotype (HR 3.90, 95% CI 2.05-7.43),
PD-L1/PD-1 expression (HR 4.43, 95% CI 1.78-11.06),
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Figure 2. Correlations between CD44v3 positivity with PD-L1 expression patterns and CD24 positivity with PD-1 expression patterns. (A) A significant
positive correlation is observed between the CD44v3-positive rate and PD-L1 labeling index (t=0.1096, P=0.0366). (B) A significant negative correlation is
observed between the CD24-positive rate and PD-1 labeling index (t=-0.1387, P=0.0089). The Kendall rank correlation coefficient was used for statistical
analysis. PD-1, programmed cell death 1; PD-LI, programmed cell death ligand 1.

and CSC immunophenotype combined with PD-L1/PD-1
co-expression (HR 9.61, 95% CI 4.58-20.16) were significant
predictors of postoperative recurrence. Further multivariate
analysis showed that the CSC immunophenotype (HR 2.89,
95% CI 1.41-5.95) and PD-L1/PD-1 co-expression (HR 3.01,
95% CI 1.38-6.55) were independent poor prognostic factors
for postoperative recurrence. No significant association was
found regarding age, gender, location, histological grade, or pT
classification in univariate and multivariate analyses.

Prognostic effect of CSC markers and PD-LI/PD-1
co-expression in OSCC patients. To estimate the relationship
between immunoreactivity for CSC markers and PD-L1/PD-1
and the prognosis of OSCC patients, postoperative RFS rates
were calculated using the Kaplan-Meier method. There was a
significant difference in the postoperative RFS rate between
the CSC group (34.1%) and the non-CSC group (77.0%)
(log-rank test, P<0.01) (Fig. 4A). Furthermore, all OSCC
patients were classified into three subgroups by the mode of
PD-L1/PD-1 expression as follows: group A, PD-L1"°"/PD-1"%;
group B, PD-L1"&"/PD-1"" or PD-L1"%/PD-1"&"; group C,
PD-L1"e"/PD-1"e" and there was a significant difference in
the postoperative RFS rate between group C (45.7%) and group
B (74.9%) (log-rank test, P<0.05), and between group C and
group A (83.9%) (log-rank test, P<0.01) (Fig. 4B). Moreover,
group C with a combined CSC immunophenotype had a
significantly poorer prognosis than group B with the combined
CSC immunophenotype and group A with the combined CSC
immunophenotype or non-CSC group. RFS rates in group
C with the combined CSC immunophenotype, group B with
the combined CSC immunophenotype, and group A with the
combined CSC or non-CSC immunophenotype were 0, 50.6,
and 78.1%, respectively (Fig. 4C).

Discussion
There have been only a few reports on the relationship between

immune checkpoint molecules PD-L1/PD-1 and CSCs in
HNSCCs including OSCC (28-30). To our knowledge, this is

the first study to address the prognostic effect of CD44v3 and
CD24, cell surface markers of CSCs, in terms of PD-L1 and
PD-1 co-expression in OSCC. In this study, 168 OSCC speci-
mens were analyzed and grouped according to the expression
results of the CSC markers, i.e., CD44v3 and CD24, and the
immune checkpoint molecules, i.e., PD-1 and its ligand PD-L1
in IHC.

We believe that CSCs in OSCC have a critical unfavorable
prognostic effect in terms of PD-L1/PD-1 co-expression for
several reasons. First, we identified the CSC immunophenotype
CD44v3hieh/CD24" in OSCC as a critical unfavorable prognostic
factor. Although our results may revealed that the phenotype
of CSCs was not correlate with histological morphology, such
as histological differentiation or infiltration pattern (YK clas-
sification), it is even more critical to identify CSCs using cell
surface markers such as CD44v3 and CD24. We found that
the patient population with the CSC immunophenotype was
significantly correlated to unfavorable clinical outcomes (post-
operative LN metastasis and/or local recurrence) compared with
the patient population with the non-CSC immunophenotype
(CD44v3"eh/CD24"er and CD44v3"Y/CD24"eh orlovy 'which was
similar to our previous study (7).

The second reason for the CSC prognostic effect in terms
of PD-L1/PD-1 co-expression was that univariate analysis
revealed that the PD-L1/PD-1 co-expression group was
significantly associated with unfavorable clinical outcomes
compared with groups expressing either PD-L1, PD-1, or
neither. Furthermore, multivariate analysis revealed that
PD-L1/PD-1 co-expression was an independent poor prog-
nostic factor. These findings were consistent with previous
studies (24,25). Cancer cells stimulate PD-1 receptors on T
cell membranes via PD-L1, and these signals act as so-called T
cell brakes and inhibit cancer cell attack by T cells (19-21,23).
These findings suggest that PD-L1 expression in the tumor
parenchyma and PD-1 expression in inflammatory cells in the
stroma play an essential role in immune evasion of OSCC.

The third reason, which was most important for the critical
unfavorable prognostic effect of CSCs in terms of PD-L1/PD-1
co-expression, was that the CSC immunophenotype and
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Table II. Univariate and multivariate analyses of postoperative recurrence-free survival of individual characteristics.

Univariate analysis Multivariate analysis

Characteristic HR (95% CI) P-value HR (95% CI) P-value
Age, years

>60 Reference Reference

<60 2.52 (0.99-6.43) 0.053 2.16 (0.19-4.23) 0.364
Sex

Male Reference Reference

Female 1.01 (0.54-1.85) 0.980 1.45(0.72-2.91) 0.301
Location

Tongue Reference Reference

Gingiva 1.45 (0.72-291) 0.300 1.05 (0.42-2.64) 0913

Floor of mouth 1.53 (0.44-5.34) 0.500 1.09 (0.28-4.16) 0.904

Buccal mucosa 1.18 (0.34-4.12) 0.790 0.49 (0.13-1.91) 0.308

Palate 3.29 (0.75-14.55) 0.200 3.87 (0.82-18.24) 0.095

Lip 3.74 (0.48-28.79) 0.120 4.82 (1.24-32.79) 0.180
Histological grade®

Grade 1 Reference Reference

Grade 2/3 1.55 (1.75-3.16) 0.230 3.23 (1.44-7.26) 0410
pT classification

T1/T2 Reference Reference

T3/T4 1.58 (0.84-2.98) 0.160 1.98 (0.77-5.09) 0.156
Nodal status®

N(G) Reference Reference

N(+) 2.12 (1.14-3.92) 0.016 1.49 (0.73-3.02) 0.273
Mode of invasion (YK classification)*

Grade 1/2 Reference Reference

Grade 3 1.22 (0.57-2.60) 0.610 1.13 (0.53-2.42) 0.753

Grade 4C/4D 3.01 (1.38-6.55) 0.006 1.39 (1.02-5.61) 0.342
Immunophenotype of CSC

Non-CSC Reference Reference

CSC 3.90 (2.05-7.43) <0.0001 2.89 (1.41-5.95) 0.039
PD-L1/PD-1

Group A? Reference Reference

Group B¢ 1.80 (0.69-4.62) 0.220 1.59 (0.61-4.17) 0.434

Group C! 4.43 (1.78-11.06) 0.001 3.54 (1.37-9.12) 0.028
Immunophenotype of CSC combined
with PD-L1/PD-1

CSC and Group AY, or non-CSC Reference

CSC and Group B¢ 2.62 (0.98-6.97) 0.054

CSC and Group C¢ 9.61 (4.58-20.16) <0.0001

“The histological grade was determined by the World Health Organization classification (2017). G1, well differentiated; G2, moderately differ-
entiated; G3, poorly differentiated.Nodal status indicates the presence of lymph node metastasis at the time of the first visit to our department.
“Mode of tumor invasion was determined by Yamamoto-Kohama (YK) criteria (20). ‘Group A, PD-L1"°*/PD-1"%; group B, PD-L1"¢"/PD-1"
or PD-L1"°*/PD-1"¢"; group C, PD-L1"&/PD-1"&" P<0.05 was considered significant. CSC, cancer stem cell; PD-1, programmed cell death 1;
PD-L1, PD ligand 1; NS, not significant; YK, Yamamoto-Kohama.

PD-L1/PD-1 co-expression were independent unfavorable  substantial prognostic effect. Furthermore, our results revealed
prognostic factors for OSCC, they influenced each other, that PD-L1/PD-1 co-expression was significantly associated
and CSC marker and PD-L1/PD-1 co-expression had a more  with the CSC immunophenotype, suggesting that PD-L1 and
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Figure 4. Postoperative RFS curves of OSCC patients. Cumulative survival curves of OSCC patients classified by the expression patterns of (A) CSC markers,
(B) PD-L1/PD-1, and (C) combined CSC markers and PD-L1/PD-1. (A) CSC cases have poor prognoses, and there is a significant difference between CSC and
non-CSC cases. (B) The time to postoperative RFS is significantly shorter in group C. (C) The time to postoperative RFS is significantly shorter in combined
CSC and group C. Based on the PD-L1/PD-1 immunophenotypes, group A, B, and C are characterized as follows: Group A, PD-L1"°/PD-1"%; group B,
PD-L1""/PD-1"" or PD-L1"%/PD-1""; group C, PD-L1"&"/PD-1"¢" The Kaplan-Meier method was used to construct survival curves, and the log-rank test
was used to calculate P-value. “P<0.05 and “"P<0.01. CSC, cancer stem cell; OSCC, oral squamous cell carcinoma; PD-1, programmed cell death 1; PD-L1,

programmed cell death ligand 1; RFS, recurrence-free survival.

PD-1 play an essential role in maintaining CSC stemness
in OSCC. Indeed, previous reports have shown that PD-L1
plays a crucial role in CSC expansion in addition to its role
as an immune checkpoint (34,35). Moreover, in breast cancer,
where CD44"h/CD24'"°" has been reported to be a CSC immu-
nophenotype, the PD-L1/PD-1 axis activates Phosphoinositide
3-kinase/Akt and Extracellular signal-regulated kinase 1/2
signaling pathways to promote cancer stemness and drug resis-
tance (36-38). To investigate the relationship between the Akt
pathway and PD-L1/PD-1 axis in CSCs in OSCC, we focused
on U2FALl, which has been reported to be a splicing factor of
CD44v3 and a down regulator of the Akt pathway upstream
of this pathway (14). Furthermore, U2AF1 has been reported
to suppress PD-L1 expression (39). In the present study, the
CD44v3-positive group showed significantly lower expression
of U2AFI1 at mRNA level than that of the CD44v3-negative
group. Furthermore, a negatively significant correlation was
observed between U2AF1 and PD-L1 expression at mRNA
level. These results suggest that the downregulation of U2AF1,
which acts in a suppressive manner to activate the Akt
pathway, contributes to the promotion of CD44v3 splicing,
the maintenance of CSC stemness, and the increase in PD-L1
expression. However, the role of U2AF1 in CSCs of OSCC
remains unclear, with only one report indicating that U2AF1 is
involved in carcinogenesis from oral precancerous lesions (40).

Also, another report on the relationship between U2AF1 and
PD-L1 found no correlation between their expression (41).
On the other hand, Geum er al (31) support our study. They
reported that PD-L1 knockdown suppressed the induction of
Akt phosphorylation. In other words, PD-L1 activates Akt and
may be involved in maintaining OSCC stemness. However,
the involvement of U2AF1 in PD-L1 to Akt is still unknown
with only a few reports. Thus, further validation is needed to
elucidate the role of U2AF1 in CSCs in OSCC. To confirm the
further relationship between CSCs and PD-L1/PD-1, we exam-
ined the expression correlation between CD44v3 and PD-L1,
and CD24 and PD-1. Regarding the relationship between
CD44v3 and PD-L1, our results revealed a significant posi-
tive correlation between CD44v3 and PD-L1. Although these
correlations are considered to be very weak due to the low
t-value of <0.3, our results may suggest that CSCs in OSCC
express PD-L1 on the tumor cell membrane surface and play a
role in immune evasion. Previous studies support our findings
by reporting that CD44v3"e" exosomes have higher levels of
immunosuppressive proteins such as PD-L1 than CD44v3¥
exosomes, correlating to a higher stage and LN metastasis in
OSCC patients (42).

Regarding the relationship between CD24 and PD-1, a
significant negative correlation was found between CD24 in
the tumor parenchyma and PD-1 expression in surrounding
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inflammatory cells. Although these correlations are consid-
ered to be very weak due to the low t-value of <-0.3, our
results may suggest that downregulation of CD24 plays a
role in evading host immune responses via high PD-1 expres-
sion on the stroma of CSCs. A previous report supports the
results of our study. Kim et al (43) reported that CD24 bound
to T cells via intracytoplasmic high-mobility group box 1, an
inflammation-associated protein, and promoted activation of
CDS8+ effector T cells (43). In other words, CD24"°% cancer
cells reduce CD8+ T cell activity and attenuated host immune
responses compared with CD24"e" cancer cells. Another study
also supports our findings. Xiao et al (44) reported that high
expression of PD-1 correlated to decreased CD24 expression
and cytokine production in B cells infiltrating hepatocellular
carcinoma (44). Furthermore, in another previous report of
breast cancer stem cells, in which CD24"°* was considered
to be an immunophenotype of CSCs, increased expression of
PD-L1 was observed in CD24"" cancer cells (36). Although
this study does not directly address the negative correla-
tion between CD24 and PD-1, it can be inferred that PD-1
expression is elevated along with PD-L1 in CD24"°" breast
cancer (36). On the other hand, Mirhashemi ez al (45) reported
contradictory results to our study. They performed RT-qPCR
analysis of clinical specimens from 15 oral epithelial dysplasia
and 45 cases of OSCC. They reported that as histologic grade
increased from oral epithelial dysplasia to low-grade OSCC
and from low-grade OSCC to high-grade OSCC, the expres-
sion of both CD44 and CD24 increased and correlated more
intensely with the expression of these two cell surface markers.
However, they also mentioned that there were conflicting
reports, including our previous report (7), on the CD24 pheno-
type of CSCs in OSCC, and further verification was needed
to assert that CD44"e" and CD24"¢" were the phenotypes
of CSCs in OSCC. On the contrary, Ghuwalewala et al (9)
support our results. They report that MiR-146a, which directly
targets IRAKI, traf6, and numb genes in OSCC and confers
tumorigenicity, contributes to the enrichment of CSCs in
OSCC through increased expression of stem cell markers,
including CD44 and decreased CD24 levels. In addition, a
previous study also supports our results. It reveals an increase
in CD44"eCD24" cells in IHC from low in normal tissues to
relatively high in OSCC (8). Thus, more data are needed before
definitive conclusions can be drawn because of the conflicting
results of previous studies on the interaction of CD24 with
PD-1 and the possible tumor specificity of CD24 functions.
At least concerning CSCs in OSCC, attenuated expression of
CD24 appears to play a role in evasion of CSCs from host
immunity by enhancing PD-1 expression in inflammatory
cells in the tumor stroma.

Although there is no doubt that CSCs are a significant
unfavorable prognostic factor in terms of PD-L1/PD-1
co-expression, the following five points need to be considered
to ensure the validity of this study: 1. the reasons for focusing
on the invasive front of the tumor as a region of interest. 2. the
limitation of the ability to profile mRNA expression extracted
from FFPE, 3. the validity of the cutoff values used in the
[HC analysis of the four antibodies (CD44v3, CD24, PD-L1,
PD-1) used in this study, 4. the heterogeneity of expression
of each antibody within the tumor tissue, and 5. the impact
of core selection in TMA. 1. The reason for focusing on the

invasive front of the tumor was that these areas are suitable for
observing cross-talk between the parenchyma and stroma via
the PD-L1/PD-1 axis, as described in a previous report (24)
2. Regarding the limitation of the ability to profile mRNA
expression extracted from FFPE, the expression of CD44v3
in IHC was significantly negatively correlated with the expres-
sion of the molecules U2AF1, and the expression of PD-L1 in
THC was significantly positively correlated with the expression
of PD-L1 at mRNA level. On the other hand, for CD24 and
PD-1, no significant difference was found between the immu-
nophenotype and the genotype. This discrepancy between
the immunophenotype and genotype may be due to the effect
of chemical modification to mRNA during FFPE specimen
preparation and the degradation of nucleic acids during
mRNA extraction process (46). 3. Regarding the cutoff values,
the validity of the labeling indices (median values) obtained
in this study was compared with the cutoff values described
in previous literatures on IHC studies in OSCC for each
molecule. No reports were found mentioning a cutoff value
for CD44v3 in IHC, but as far as the CD44 standard isoform
is concerned, a range of 10-50% was reported, and no uniform
value existed (47,48). As far as CD24 is concerned, only one
reference mentioned a cutoff value in IHC, which was reported
as 37.4% (47). As far as PD-L1 is concerned, the range of
cutoff values in IHC was reported to be 1-20% (24,25,49). As
far as PD-1 is concerned, only one reference mentions a cutoff
value in IHC, which was reported as 30% (24). The previous
reports listed above regarding cutoff values in IHC for CD44
and PD-L1 include review articles (25,48,49), indicating no
uniform cutoff value in the THC study. Oliveira et al (50)
mentioned that the cutoff values differ among studies of the
same antibody because of the different antibodies used and
staining conditions in IHC. Therefore, as is done in many THC
clinical studies, cutoff value was established for each antibody,
using the median value in this study. In particular, we mention
the criteria of PD-L1 positivity in this study, concerning the
immunohistochemical analysis of PD-L1. For PD-L1 expres-
sion analysis, the antibody clone used in this study (clone
28-8) was the same clone used in the companion diagnosis of
nivolumab for HNSCC treatment. In clinical practice, a cutoff
value of 1% is considered positive. However, this clinical
cutoff value is lower than the cutoff value of 6.1% adopted
in this study. The difference in cutoff values between clinical
practice and the present study may be attributed to multiple
factors, including the different staining conditions and anal-
ysis methods used in the companion diagnosis. Another factor
contributing to the discrepancy is that only the area of the inva-
sive portion was selected as the stained area for PD-L1 in this
study, rather than the entire tumor. Indeed, PD-L1 expression
is spatiotemporally heterogeneous, and there is heterogeneity
in PD-L1 expression rates within tumors and at different
treatment points (20,51,52). Thus, PD-L1 expression levels are
not well understood by single treatment point or single time
sampling. 4. Regarding the heterogeneity of expression of each
antibody in tumor tissue and 5. the impact of core selection
in TMA, it has been reported that the expression of CD44(v),
CD24, PD-L1, and PD-1 are all heterogeneous in OSCC in the
same tissue (48,53-56). Boxberg et al (54) reported that this
heterogeneity in the expression of each antibody had the risk
of missing heterogeneous tumor regions when using TMA for
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immunohistochemical analysis while noting that increasing
the number of cores collected per case may allow for a close
match between tissue cores and staining results on the entire
slide (56). In this study, by sampling at least two to three cores
per case, we reduced the possibility of missing heterogeneous
expression regions and, as much as possible, ensured the
validity of each molecule's expression in IHC from TMA. In
addition, we add one point of the limitations of this study. In
this study, for CD44v3, we could not perform direct RT-qPCR
due to the lack of commercially available primer.

In summary, this study revealed that CSCs in OSCC
evade host immune mechanisms and maintain CSC stemness
via PD-L1/PD-1 expression, resulting in unfavorable clinical
outcomes, suggesting that CSCs are a potential therapeutic
target for immune checkpoint inhibitors.
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