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Abstract

T-cell memory is an important mechanism for long-term protection against diverse
pathogens. Generation and persistence of memory T cells are vital components of
anti-tumor immunity, given their ability to persist for prolonged durations, as well
as activate and migrate rapidly. In the present study, we investigated the clinical and
prognostic significance of T-cell subsets in the peripheral circulation of patients with
head and neck squamous cell carcinoma (HNSCC). Moreover, we calculated the en-
richment scores of T-cell subsets in primary tumor tissues and compared their clinical
characteristics using a public database. Multivariate survival analyses of circulating
T-cell parameters revealed that clinical parameters, except M factor, were not inde-
pendent prognostic factors, whereas proportions of CD8™ T cells, naive T cells (Tys),
effector memory T cells (T,,s), and CD38*CD8* T cells were independent prognostic
factors, suggesting the importance of these peripheral T-cell parameters as inde-
pendent prognostic biomarkers. Consistent with these results, the T-cell enrichment
analysis indicated that enrichment of CD8" Tys in the tumor microenvironment was
an independent prognostic factor. Moreover, an ex vivo experiment demonstrated
significantly less cytotoxic activity in CD38* T cells than in CD38™ T cells. These find-
ings suggest that T-cell memory-related parameters in both systemic immunity and
the tumor microenvironment could be used as prognostic biomarkers regardless of
clinical characteristics. Further characterization of circulating T cells would lead to

the development of novel biomarkers for patients with HNSCC.
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1 | INTRODUCTION

In the tumor microenvironment (TME), various stromal cells, such
as immune cells, fibroblasts, mast cells, and vascular endothelial
cells, are known to exist and interact with tumor cells.>? Among
immune cells, TILs, especially CD8* CTLs, play pivotal roles in
anti-tumor immunity.3'4 To escape from CTL-mediated anti-tumor
immunity, tumor cells orchestrate immunosuppression by induc-
ing dysfunction and exhaustion of CTLs, infiltration and activation
of immunosuppressive cell types such as regulatory Tregs, tumor-
associated macrophages, and myeloid-derived suppressor cells.>”
Cancer immunotherapies have been developed to induce efficient
tumor eradication by targeting the interaction between immune and
tumor cells. In addition, recent advances in immune checkpoint in-
hibitors (ICls) have provided additional treatment options for var-
ious cancers, including HNSCC.8° Anti-PD-1 antibodies targeting
the programmed cell death 1/programmed cell death ligand 1 (PD-1/
PD-L1) axis have been used to treat recurrent or metastatic HNSCC.
However, only 20%-30% of patients have benefitted from these
therapies. To improve the efficacy of ICls, crucial immunological
parameters involved in the TME and systemic immunity need to be
identified in patients with cancer.

T-cell memory is an important mechanism for long-term pro-
tection against diverse pathogens, including tumor antigens.'%?
Antigen-specific memory T cells are generated in response to patho-
gens and activated following pathogen re-exposure. Unlike infec-
tious diseases, cancer is a chronic disease, and a long-lived immune
response is required for tumor eradication by the host immunity.*®
Therefore, the generation and persistence of anti-tumor memory
T cells are vital features of anti-tumor immunity, given their ability
to persist for prolonged durations, as well as activate and migrate
rapidly. Previous reports, including our investigation, have reported
dynamic population changes in the peripheral circulation of patients
with HNSCC.*% |n patients with HNSCC, a population shift from
naive T cells to effector memory T cells was observed when com-
pared with healthy donors, suggesting the generation of anti-tumor
T cell memory. However, the clinical and prognostic values of in-
creased memory T cells in the peripheral circulation remain elusive
in patients with HNSCC.

Based on these findings, in the present study, we investigated the
clinical and prognostic significance of T-cell subsets in the periph-
eral circulation of patients with HNSCC. Moreover, we calculated
the enrichment scores of T-cell subsets in primary tumor tissues and
compared them with clinical characteristics using a public database.

2 | MATERIALS AND METHODS
2.1 | Patients for flow cytometric analysis
Peripheral blood samples were collected from patients with HNSCC

who were newly diagnosed and treated at Gunma University
Hospital (Maebashi, Japan) between December 2012 and October

2015. Patients with a history of other malignant tumors, autoim-
mune diseases, infectious diseases, or hematologic diseases, as well
as those receiving immunomodulatory drugs, were excluded. Finally,
62 patients were enrolled, including 6 patients with human papil-
lomavirus (HPV)-positive tumors, 52 patients with HPV-negative
tumors, and 4 patients without HPV-related information (Table S1).
Blood samples were collected before treatment initiation. Clinical
information, including HPV status (p16 positivity), primary lesion, T
factor, N factor, M factor, and TNM stage, were obtained from elec-
tronic medical records. TNM stage classification was based on the
7th edition of the International System for Staging adopted by the
American Joint Committee on Cancer and the Union for International
Cancer Control. The present study was approved by the Institutional
Review Board of Gunma University (No. 12-12) and was performed
in accordance with the newest version of the Declaration of Helsinki.

Written informed consent was obtained from all patients.

2.2 | Flow cytometry

PBMCs were isolated by density gradient centrifugation using Ficoll-
Paque PLUS (GE Healthcare). Non-specific binding of antibodies
to Fc receptors was blocked using BD Fc Block™ (BD Bioscience).
PBMCs were then stained with fluorescently labeled anti-human
monoclonal antibodies against CD3 (SK7), CD4 (RPA-T4), CD8 (RPA-
T8), CD45RO (UCHL1), CD25 (M-A251), CD62L (DREG-56), CD127
(eBioRDR5), and CD38 (HIT2). Alternatively, PBMCs were stained
with immunoglobulin isotype-matched controls for CD38 expres-
sion. The antibodies used in the present study are listed in Table S2.
Staining was performed at 4°C for 60 min, protected from light, in
phosphate-buffered saline with 1% heat-inactivated fetal calf serum
(Thermo Fisher Scientific) and 0.1% sodium azide (Sigma-Aldrich).
After staining, samples were immediately analyzed by flow cytom-
etry using an Attune® acoustic focusing cytometer (Thermo Fisher
Scientific). The acquired data were analyzed using FlowJo software
(TreeStar).

2.3 | Magnetic cell isolation and measurement of
cytokine production

PBMCs obtained from patients with HNSCC were stained with
biotin-conjugated anti-human CD38 monoclonal antibody (HIT2,
BioLegend), followed by magnetic cell isolation of CD38" cells using
the EasySep Human Biotin Positive Selection Kit Il (STEMCELL
Technologies) in accordance with the manufacturer's instruction.
CD38* and CD38™ cells (1 x 10°) were separately plated into 96-well
plates with Cell Activation Cocktail with Brefeldin A (BioLegend)
and incubated for 8 h. Cells were then stained with fluorescently
labeled anti-human monoclonal antibodies against CD3 (SK7), CD4
(RPA-T4), CD8 (RPA-T8), granzyme B (GzmB, QA16A02, BioLegend),
and interferon y (IFNy, B27, BioLegend). Intracellular staining for

GzmB and IFNy was performed using the eBioscience™ Foxp3/



Cancer Science g\i19:3%

TAKAHASHI ET AL.

z6
(T20)29v
(6€°0) 99

96°
(00°0) 95t
(61°0) €9'%

08"
(0£°0) 85t
(20) L9V

z8
(S2°0)99%
(82°0) 85t

YL
(05°0) ¥S'¥
(92°0)95¥
(97°0) LT'Y
(LE0) V61
(6¥°0) LSV

v
(6€°0) LYV
(12°0) 69t

(35) uesy

#Aad/3911%

T
(S6'T) 8T €Y
(ov'e) e8¢

o
(00'0) 00°CE
(c£1)1TCh

1T
(88'2) ¢6 71
(#6'T) 06°6€

eL
P61 vy'Ty
wre) €Ty

z8
(c0T) 9e vy
(88°€) 8e'8€
(or'v) Sv'er
(€92) LS TV
(66'S) TT ¥P

62
(€19) z0LE
(I8'T)ST'EY

(35) uesy

¥AaJ/,8€A10%

o
(¢€'T) ¥6'91
(89°2) ev'er

ze
(000) 05°9¢
(TZ'T) 6191

9T’
(€8°T) 68°LY
(£S°T) 0§ V¥

oc
(SP'T)TELY
(90°2) ¥T'¥¥

09’
(€5°2) LE0S
(Tee) 6Ty
(0z°€) LLSY
(06'T) STV
(vLT) €18y

66
(#9'v) 89'9%
(LTT) L 9v

(35) uesy

SI192 1/,¥A2%

z0
(tee)9z1e
(98'2) 19°1¢C

6¢
(00°0) 0Z°9T
(68°T) L6'8C

€6
(59°T) 96’82
(§972) 19'8¢

4o}
(S¥'2) 6T°CE
(#9'2) 69°€C

90"
(8s'v)or'€e
(¥82) 86'T¢C
(£5°9) Lrve
(£8°2) s€'sT
(L€'6) 5€9¢

L0°
(95°€) 9981
(80'2) 60°0€

(35) uesy

8a2/* 1%

60°
(61°2) 08°05
(06'C) ¥8°LS

L6
(00°0) 00°2S
(S8'T) ¢9°CS

LE
(TO°€) 1805
(Te'e) oTvs

1T
(62°7) 2T 08
(88'2) 9195

€00’
(vL¥) 98°8%
(86'2) O¥'€9
(EV'Y) 96 7P
(Tre)eLvs
(¢Lv) v vy

10°
(82'S) 09'S9
(¢6'1) L1705

(35) uesy

8a2/"?1%

(<0}
(€8°0) £LT'8
(68'T)G8'TT

0"
(00°0) 06'TC
(6£°0) 66'8

9
(#0'T) 8.8
(6T'T) €56

1T
(T160)€T'8
(e¥'T) LLOT

90°

(£0'T) 209
(€T°T)0L'8
(trvssL
(oD Vet
(evr'T)TL9

YL
(002)1€'8
(160)52°6

(35) uesy

8a2/"°1%

oL
(9€°T) 69°6
(80'2) 69'8

96
(00°0) 26’6
(95 T) €V'6

or
(002) 8’ TT
(cc1)SLL

L6
(8E'T) LV'6
(86'T)8€6

6T
(LvT)eoet
(8¢'2)26'S
(tre)eLer
(0s'T)0LL
(oze)zLet

id
(SYy) vir'L
(ez'T)0Z'0T

(35) uesy

8a2/N1%

8T
(86'T) 08°S¢
(S62) €9°0C

L9
(00°0) 08°8T
(69°T) 95¥C

v8
(es2) v8vT
(S2°2)9T¥T

w
(S6'T) 85°ST
(86'C)C8°CC

v8
(8€%) 609
(T62) voee
(L9Y) LT VT
(coe)90€e
(€9'7) 8582

4
(86'%) ¥S'TC
(88'T) 0€'ST

(35) uesy

8d2/,8€d1%

z6
(€S°'T) S6'TT
(¥9'T)89°TC

T
(000) 0€°'ST
(zz1)€e8TT

e
(T6'T) ¥8°0C
(esTIvLCT

65
(6£°1)2vr'ce
(TV'1) 60'TC

ST
(8€€) 56'8T
(cee) oL 9t
(6v'2) ET'6T
(002 viee
(¥0'T) 5861

10°
(87'9) L9 0E
(¥T'T) 2L 0T

(35) uesy

SI192 1/,8A2%

‘[192 | Adojen3dau ‘3au] (|92
1 anteu Ny 4120 | Adowaw 10323442 NI 4190 | 10323440 443 o0 | Adowsw [eszusd NI ‘ouss paepuess ‘3§ ‘snuiaewojjided uewny ‘AdH ‘ewouldied [[32 snowenbs }2au pue peay ‘DISNH SuoleIAIqqy

€9’
(S5°T) 9989
(8°2) ¥1'£9

GG
(00°0) 0619
(L£'T) 8€'89

€6
(¢6'T) 0¥'89
(¢6'T) 9189

1T
(0£°T) £9°69
(61°2) 1299

g8’
(82°S) 299
(09°€) z8'0L
(0v'2) €€'99
(91°2) £8'L9

(cre)zes

1T
(6¥°G) 06'eL
(6€°T) 81'89

(35) uesy

SI192 1%

anjen-d
Al-ll
11-1

23e3s INNL
anjen-4
TN
oW

103084 A
anjen-d
SAI}ISOd
EVNREEEIN]

J1030B4 N
anjen-q
¥-€L
Tl

103084 |
anfen-d
AJIneD |ESEUEIERY
xuAiteydoiQ
AlAed [eaQ
XuAJe
XuAlteydodAH

uoisa| Adewlid

9AI}e39N
snieis AdH

sa|qeLiep

DDSNH Y3m sjuaijed zg ui sia3aweded [edjul]d pue suoljiododd |93-] usamiaq diysuoiieldy T 379VL



REWABSZ Cancer SCience

Transcription Factor Staining Buffer Set (Thermo Fisher Scientific).
Stained samples were analyzed using an Attune® acoustic focusing

cytometer and the data were analyzed using FlowJo software as de-

scribed above.

TAKAHASHI eT AL.

2.4 | TCGA data analysis

RNA-sequencing data (lllumina HiSeq RNA-seq V2, raw counts,
and normalized counts) and clinical data were obtained from TCGA
Research Network (TCGA Provisional version updated in 2016,
http://cancergenome.nih.gov/). In total, 520 cases, comprising 97
HPV-positive HNSCC and 423 HPV-negative HNSCC cases, were

analyzed.

2.5 | Cell-type enrichment analysis

We performed cell-type enrichment analysis to evaluate the enrich-
ment of T-cell subsets in tumor tissues of TCGA dataset using the

(A)  %Tcells/lymphocyte %CD8+ cells/T cells
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the pheatmap R package, version 1.10.12.

2.6 | Statistical analysis

xCell tool.” Enrichment scores were calculated using the xCell R
package, version 1.1.0. The calculated scores were visualized using

Data were analyzed using GraphPad Prism version 8 (GraphPad

Software, Inc) and R (version 4.0.3; The R Foundation for Statistical
Computing) in combination with R studio version 1.3.1093 (R stu-
dio). Student t test and one-way ANOVA for multiple pairwise test-
ing were used to compare continuous variables between groups.
Two-sided P-values < .05 were considered statistically significant.

Survival curves were calculated using the Kaplan-Meier method and

compared using the log-rank test. Receiver operating characteristic

curves were plotted separately for survival analyses to verify the op-

timal cut-off point for continuous variables. Multivariate regression

analysis was performed using the Cox proportional hazards model.
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FIGURE 1 Univariate survival analyses based on circulating T-cell parameters. A and B, Kaplan-Meier survival curves based on
proportions of T cells, CD8™ cells, CD38" cells, Tys, Ty, Tems: Tere CD4™ cells, and Tregs in 62 patients with head and neck squamous cell
carcinoma. A, Survival curves for DFS. B, Survival curves for OS. DFS, disease-free survival; OS, overall survival; T.,s, central memory T
cells; T, effector T cells; Tg,,s, effector memory T cells; Ts, naive T cells; Tregs, regulatory T cells
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TABLE 2 Univariate and multivariate survival analyses of OS and DFS in 62 patients with HNSCC

Disease-free survival Overall survival

Univariate Multivariate Univariate Multivariate
Variables P-value HR (95% Cl) P-value P-value HR (95% Cl) P-value
HPV status
Negative 97 .85
Positive
Primary lesion
Hypopharynx .007 1 .08
Larynx 0.52(0.22-1.20) 13
Oral cavity 0.70 (0.19-2.59) .59
Oropharynx 1.00 (0.40-2.50) 99
Paranasal cavity 0.80(0.32-2.01) .64
T factor
T1-2 .007 1 .36 .02 1 .84
T3-4 0.64 (0.25-1.65) 0.85(0.17-4.17)
N factor
Negative .01 1 19 17
Positive 0.60 (0.29-1.28)
M factor
MO <.0001 1 .0004 90
M1 137.5(8.60-2197.60)
TNM stage
I-11 <.0001 1 .53 .007 1 1.00
I-1v 6.74 (6.61E-06-6.88E*18) 7.15E*08 (0-Inf)
%T cells/lymphocyte
<79.2 .29 .03 1 12
279.2 3.02(0.74-12.36)
%CD8* cells/T cells 1
<15.5 .0009 1 .03 .02 0.26 (0.07-1.01) .05
215.5 0.43(0.20-0.94)
%CD38" cells/CD8
<20.0 .005 1 .03 .01 1 .36
>20.0 2.49 (1.10-5.64) 1.89 (0.48-7.51)
%T,/CD8
<6.77 .008 1 .003 .07
26.77 3.49 (1.52-8.03)
%T\/CD8
<6.85 41 .10
26.85
%Tem/CD8
<62.5 .02 1 .67 .03 1 .03
262.5 0.81(0.32-2.09) 0.18(0.04-0.89)
%Teee/CD8
<25.1 A1 .63
225.1

(Continues)
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TABLE 2 (Continued)

Disease-free survival

Overall survival

Univariate Multivariate

Variables P-value HR (95% Cl)
%CD4™ cells/T cells

<49.8 14

249.8
%CD38" cells/CD4

<44.2 .007 1

>44.2 1.77 (0.84-3.74)
%Tregs/CD4

<4.4 .04 1

24.4 1.19 (0.53-2.69)

Univariate Multivariate
P-value P-value HR (95% Cl) P-value
.08
.13 .004 1 .07
3.06 (0.90-10.43)
.67 .10

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; HR,
hazard ratio; OS, overall survival; Tem central memory T cell; T, effector T cell; Tg,,, effector memory T cell; T, naive T cell.

3 | RESULTS

3.1 | Relationship between T-cell proportions and
clinical parameters

Based on the acquired flow cytometry data, the proportion of T-cell
subsets and the expression of CD38 were analyzed in 62 patients with
HNSCC, as previously reported.'® In brief, CD8" T cells were gated
based on the expression of CD3 and CD8, and then divided into 4 sub-
sets based on the expression of CD45RO and CD62L: naive T cells (T,
CD45RO™CD62L"), central memory T cells (T, CD45RO*CD62L"),
effector memory T cells (Ty,,, CD45RO*CD62L"), and effector T cells
(Terp CD45RO™CD62LY). CD4* T cells were gated based on the expres-
sion of CD3 and CD4, and Tregs were identified based on the expression
of CD25 and the lack of CD127. The expression of CD38 was analyzed
in both total CD4* and CD8™" T cells. These results were compared sta-
tistically with clinical data including HPV status, primary lesion, T factor,
N factor, M factor, and TNM stage (Table 1). The proportions of CD8* T
cells and Tg,s were higher in patients with HPV-positive HNSCC than
in patients with HPV-negative HNSCC. The proportion of T, was high-
est among primary lesions in patients with oropharyngeal cancer. The
proportion of T, correlated with later T factors and later TNM stages.

The proportion of T, was higher in M1 than in MO.

3.2 | The proportions of T-cell subsets were
independent prognostic factors

We performed both univariate and multivariate survival analyses to
investigate the prognostic significance of peripheral T-cell subsets in
62 patients with HNSCC. Univariate survival analyses revealed that
an increased proportion of CD8" T cells and Tgms was a favorable
prognostic factor for both DFS and OS, as shown in Figure 1AB. In
contrast, the proportion of CD38" cells in CD8" T cells, Tys, CD38*

cells in CD4" T cells, and Tregs were unfavorable prognostic factors for
DFS (Figure 1A). In addition, the increased proportions of total T cells,
CD38" cells in CD8™ T cells, and CD38™" cells in CD4" T cells were un-
favorable prognostic factors for OS (Figure 1B). Subsequent multivari-
ate regression analysis indicated that the M factor, the proportion of
CD8* T cells, CD38™ cells in CD8* T cells, and T,s were independent
prognostic factors for DFS, whereas the proportion of Tg,,s was an
independent prognostic factor for OS (Table 2).

3.3 | Relationship between T-cell enrichments and
clinical parameters

T-cell enrichment scores were calculated using the xCell tool
(Figure 2A). The enrichment scores were then compared with clinical
parameters. As shown in Table 3, the scores of CD4* T cells, Th1 cells,
Th2 cells, CD8* T cells, CD8" T,, CD8" T, and CD8* T, signifi-
cantly correlated with some clinical parameters, whereas no correla-

tion was observed between Treg scores and clinical parameters.

3.4 | The enrichment of CD8" Tyswasan
unfavorable prognostic factor

We performed both univariate and multivariate survival analyses to in-
vestigate the prognostic significance of the T-cell enrichment in TCGA
cohort. Univariate survival analyses revealed that the enrichment of
cD8* T\s was an unfavorable prognostic factor for both DFS and
OS (Figure 2B,C). In addition, the enrichment of CD4" T cells, CD8"
T cells, CD8* Tewms, and CD8* Tys was a favorable prognostic factor
for OS (Figure 2C). Multivariate regression analysis revealed that HPV
status and CD8* T enrichment were independent prognostic factors
for DFS, whereas T factor, M factor, and CD8* Ty enrichment were

independent prognostic factors for OS (Table 4).
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FIGURE 2 Univariate survival analyses based on enrichment scores of T-cell subsets. A, Heat map of enrichment scores of T-cell subsets
calculated using xCell tool in 97 HPV-positive HNSCCs and 423 HPV-negative HNSCCs obtained from TCGA database. B and C, Kaplan-
Meier survival curves based on enrichment scores of CD4* T cells, Th1 cells, Th2 cells, Tregs, CD8" T cells, CD8* Tys, CD8" T,,s, and CD8*
Teus- B, Survival curves for DFS. C, Survival curves for OS. DFS, disease-free survival; HNSCC, head neck squamous cell carcinoma; HPV,
human papillomavirus; OS, overall survival; TCGA, The Cancer Genome Atlas; T.\,s, central memory T cells; T,,s, effector memory T cells;

TS, naive T cells; Tregs, regulatory T cells

3.5 | CD38"T cells exhibited less cytotoxic
activities than CD38" cells

To investigate the cytotoxic activity of circulating CD38" T
cells compared with CD38" T cells in patients with HNSCC, we
measured the production of GzmB and IFNy in CD38* cells and
CD38 cells separately (Figure 3). CD38" T cells, especially CD4*
T cells, exhibited significantly less production of both cytokines.

These results were confirmed using blood samples from multiple

patients.

4 | DISCUSSION

In the present study, we demonstrated that the proportions of cir-

culating CD8™ T cells, Tys, and Ts were independent prognostic
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TABLE 3 Relationship between T-cell enrichment scores and clinical parameters in 520 patients with HNSCC

CD4*Tcells  Thicells Th2cells  Tregs CD8" Tcells CD8*Ty CD8" T, CD8" Ty,
Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Variables x1073 %1073 %1073 Mean (SE) x107°  x107° %1073 %1073 x1073

HPV status
Negative 1.32(0.199) 69.7(3.53) 114 (3.64) 7.98(0.731) 23.5(1.53) 9.55(0.443) 18.3(1.43) 8.06(0.797)
Positive 4.82(1.22) 91.9(7.76) 131(6.35) 8.33(1.55) 36.6 (4.95) 11.3(1.25) 45.2(5.66) 14.15(2.96)
P-value <.0001 .007 .04 .84 .001 A1 <.0001 .006

Primary lesion
Hypopharynx 1.15(0.775) 128 (30.4) 107 (23.9) 7.35(4.4¢6) 21.6 (15.4) 10.1 (4.16) 25.4(16.7) 13.0(10.5)
Larynx 1.49 (0.503) 51.6 (4.34) 115(6.38) 5.32(1.07) 12.6 (1.93) 5.81(0.668) 13.6(1.94) 4.01(0.949)
Oral cavity 1.66(0.321) 75.9 (4.12) 115(4.03) 8.96(0.849) 27.8 (1.86) 11.1(0.529) 21.4(1.85) 9.24(0.956)
Oropharynx 6.10 (1.66) 105 (12.2) 142 (8.75) 8.07(2.48) 48.3(8.18) 10.5 (1.72) 64.0(8.86) 21.9(5.44)
P-value .0002 <.0001 13 16 <.0001 <.0001 <.0001 <.0001

T factor
T1-2 2.75(0.588) 74.0(5.36) 113(5.07) 8.73(1.09) 32.7(2.75) 10.2(0.689) 29.8(2.94) 11.4(1.51)
T3-4 1.45(0.260) 73.8(4.03) 119 (4.12) 7.58(0.826) 21.4(1.80) 9.69 (0.55) 18.9(1.84)  7.68(1.00)
P-value .03 97 .38 .39 .0004 .59 .0009 .03

N factor
Negative 1.36 (0.261) 63.7 (4.16) 112 (4.60) 7.44(0.940) 26.8(2.43) 8.86(0.616) 22.1(2.34) 8.65(1.20)
Positive 2.20(0.450) 75.7 (4.53) 122 (4.57) 8.40(0.931) 24.5(2.09) 10.7 (0.609) 22.8(2.30) 8.70(1.17)
P-value 13 .06 A1 47 49 .04 .84 .98

M factor
MO 2.00(0.291) 73.4(3.30) 116(3.23) 8.09 (0.665) 26.2(1.59) 9.79(0.438) 23.5(1.65) 9.23(0.868)
M1 3.05E-16 70.7(2.72) 134(15.3) 1.47(1.47) 3.42(2.22) 6.23 (3.06) 6.53(2.79) 1.06(1.04)

(2.21E-16)

P-value .50 94 .57 .32 15 42 .31 .35

TNM stage
I-11 1.85(0.439) 69.9 (6.86) 111(6.14) 9.23(1.48) 33.5(3.64) 9.82(0.961) 27.8(3.57) 11.5(2.00)
i-1v 2.01(0.342) 75.0(3.67) 118(3.71) 7.72(0.738) 23.9 (1.71) 9.90(0.480) 22.1(1.83) 8.56(0.943)
P-value .81 .52 .31 .35 .01 .94 15 15

Abbreviations: HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; SE, standard error; T.,,, central memory T cell; T,

effector memory T cell; T, naive T cell; Tregs, regulatory T cells.

factors in patients with HNSCC. Interestingly, the expression of
the activation marker CD38 in peripheral CD8™ T cells significantly
correlated with shorter DFS. Ex vivo experiments demonstrated
significantly less cytotoxic activity in CD38" T cells than in CD38~
T cells. Moreover, the enrichment of Tys in the tumor microenvi-
ronment was an independent prognostic factor for both shorter
DFS and OS. In addition to clinical parameters, circulating T-cell
profiling can be used as a prognostic biomarker for patients with
HNSCC.

As expected, univariate survival analyses of circulating T cells
revealed that clinical parameters, including T factor, N factor, M
factor, TNM stage, and primary lesion, correlated with progno-
sis in 62 patients with HNSCC. Notably, in multivariate survival
analyses, these clinical parameters, except the M factor, were

not independent prognostic factors, whereas the proportions of

CD8* T cells, Tys, Tgys, and CD38* CD8" T cells were indepen-
dent prognostic factors. Importantly, there was no correlation
between these T-cell parameters and T factor, N factor, M factor,
TNM stage, and primary lesion (except Tgs), suggesting the im-
portance of these peripheral T-cell parameters as independent
prognostic biomarkers. In the peripheral blood of humans, sev-
eral differentiation states of T cells have been identified based on
the expression of surface markers, including CD45R0O, CD45RA,
CD62L, and C-chemokine receptor 7 (CCR7). Memory T cells
are subdivided into CD45RO*CD45RA™CD62L*CCR7" T,,s and
CD45RO*CD45RA™CD62L"CCR7™ Tgys. Teys traffic to lymphoid
tissues and exhibit a greater proliferative capacity; in contrast, Tys
can migrate to multiple peripheral tissues and present greater effec-
tor functions.'*!? The presence of tumor antigen-specific memory

T cells provides several benefits for anti-tumor activities, including
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TABLE 4 Univariate and multivariate survival analyses of OS and DFS in 520 patients with HNSCC

Disease-free survival Overall survival
Univariate Multivariate Univariate Multivariate
Variables P-value HR (95% Cl) P-value P-value HR (95% CI) P-value
HPV status
Negative .03 1 .04 .13
Positive 0.57 (0.33-0.97)
Primary lesion
Hypopharynx .16 14
Larynx
Oral cavity
Qropharynx
T factor
TO-2 .001 1 .09 .0002 1 .01
T3-4 1.55(0.93-2.57) 1.89(1.15-3.10)
N factor
Negative .06 .04 1 17
Positive 1.30(0.89-1.89)
M factor
MO .26 .001 1 .002
M1 5.32(1.88-15.00)
TNM stage
Il .01 1 .31 .009 1 .30
I-1v 1.40(0.73-2.67) 0.70 (0.36-1.36)
xCell CD4* T cells
<6.56E-19 .67 .01 1 .09
26.56E-19 0.74 (0.53-1.04)
xCell Th1 cells
<5.60E-2 71 .68
25.60E-2
xCell Th2 cells
<0.112 27 .55
20.112
xCell Tregs
<1.87E-17 .86 .10
>1.87E-17
xCell CD8* T cells
<1.53E-2 .81 .007 1 .36
21.53E-2 0.82(0.55-1.24)
xCell CD8" Ty,
<6.03E-3 .01 1 .01 .03 1 .006
26.03E-3 1.62(1.12-2.34) 1.59 (1.14-2.20)
xCell CD8" T,
<2.37E-3 .54 .03 1 97
22.37E-3 1.01 (0.69-1.46)
xCell CD8* T,
<1.79E-5 .85 .01 1 .21
21.79E-5 0.77 (0.51-1.16)

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; HR,

hazard ratio; OS, overall survival; T.,,, central memory T cell; T,,, effector memory T cell; Ty naive T cell.

cmy EM’



TAKAHASHI eT AL.

CREWAESZ Cancer SCience

(A) CD38+ cells CD38- cells T cells
507 p <0.0001
10*4 10%7 + 40
™ [a1]
8 10% 10° E 22
0 GzmB+ 0 GzmB+ 3 10
(=)
7103 -103
T TR T
Granzyme B Granzyme B I 00
©) CD38+ cells CD38- cells CD4+ T cells
10° 108 20 p<0_.0001
10°4 10° C_E 15
E 10%4 % ’ 10t E 10
© o o,
GzmB+ GzmB+ s
B Tof 108 B 10° 10 0 {b‘bx oréb'
Granzyme B Granzyme B S
(E) CD38+ cells CD38- cells CD8+ T cells
10° 10° 60 p=0.02
© 10* 4 “‘ 104 $
a
O ©° 10° f%
o GzmB+ . GzmB+ (2
10° -10° >
. ot 100 . o 10
Granzyme B Granzyme B O

(B) CD38+ cells CD38- cells T cells
404 p <0.0001
10t 10% 4 I
™ + 30
8 10° 10° E‘ 20
0 IFNy+ 0 IFNy+ X 10
103 7103 0
i 10t 10° i 10* 10° ’b%x ,,;b’
Interferon y Interferon y P
(D) CD38+ cells CD38- cells CD4+ T cells
10° 10° 251 p <0.0001
10 100 201 =
+
= 0t 1 10 > 15
a Ee g
O g : = 10
04 o 4 >
IFNy+ IFNy+ 5
T AT T 0 & &
Interferon y Interferon y Ul
(F) CD38+ cells CD38- cells
105‘ 105
8 10t % 10t ;>
O 103 103 LTI;
. IFNy+ . IFNy+ S
103 7103 0
T e BT o o
Interferon y Interferon y P

FIGURE 3 CD38" T cells exhibited less cytotoxic activity than CD38™ cells. PBMCs obtained from patients with head neck squamous
cell carcinoma were sorted into CD38" and CD38™ fractions. The cytokine production in each fraction was measured using flow cytometry.
A and B, Granzyme B (GzmB) or interferon y (IFNy) production by total T cells. C and D, GzmB or IFNy production by CD4" T cells. Eand F,

GzmB or IFNy production by CD8* T cells

rapid activation and differentiation into effector cells, enhanced mi-
gration capacity, and prolonged persistence. In the present study,
the increased proportion of Tg,,s was a favorable prognostic factor,
whereas that of Ty;s was an unfavorable prognostic factor. Moreover,
consistent with these results, TCGA analysis revealed that the en-
richment of CD8* Tys in the TME was an independent prognostic
factor for both unfavorable DFS and OS. These results indicated
that the generation and persistence of anti-tumor T-cell memory
in both the systemic immune system and TME are crucial for im-
proving the survival of patients with HNSCC, regardless of clinical
characteristics. Our finding is consistent with previous studies that
have reported a positive correlation between the enrichment of in-
tratumor memory T cells and favorable prognosis in solid malignan-
cies, including oral squamous cell carcinoma, colorectal cancer, and
ovarian cancer.'®2° |n addition to these studies, the present study
elucidated the prognostic value of T-cell memory in the systemic im-
mune system. Recent studies have reported a correlation between
the increased proportion of circulating memory T cells and clinical
response to ICls in patients with melanoma and non-small-cell lung
cancer (NSCLC).?%2% Accordingly, the possibility of circulating mem-
ory T cells as a prognostic marker would be worth investigating, and
in addition as a predictive biomarker for ICl treatment response in
patients with HNSCC.

The present study also indicated a correlation between CD38
expression on T cells and unfavorable prognosis. This result was
unexpected because CD38 has been recognized as an activation
marker involved in lymphocyte activation, proliferation, migration,
and adhesion.?¢?° To further characterize circulating CD38" T cells,
we performed ex vivo experiments and demonstrated significantly
less production of GzmB and IFNy in CD38" cells than in CD38™ T
cells. This result suggests the impaired cytotoxic activity of CD38*
T cells in the peripheral blood of patients with HNSCC, which could
relate to an unfavorable prognosis. In clinical settings, CD38 ex-
pression on T cells reportedly corresponds to recently activated
early effector cells in NSCLC and melanoma.3%*! Moreover, the in-
creased density of CD38" TILs in hepatocellular carcinoma (HCC)
correlated with improved prognosis.32 However, accumulating evi-
dence have suggested that CD38 is a multifunctional molecule, and
the clinical significance of CD38 expression remains controversial.
For instance, CD38 has been found to induce resistance to PD-1/
PD-L1 blockade by CD8" T-cell suppression in an HCC model.%®
In patients with pancreatic ductal adenocarcinoma (PDAC), the in-
creased expression of CD38 and CD101 on TILs reportedly cor-
related with later-stage tumors and shorter survivals.®* Moreover,
anti-CD38 treatment induced significant increases in helper T cells,

CTLs, memory T cells, and T-cell clonality in patients with multiple
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myeloma.®® These findings suggest that CD38 expression not only
represents the lymphocyte activation status but is also involved in
diverse mechanisms, including immunosuppression and tumor pro-
gression, in cancer patients. Although the mechanism needs to be
further investigated, the results of the present study suggest the
possibility of CD38 expression on peripheral T cells as a predictive
biomarker for HNSCC.

In conclusion, the present study revealed that proportions of
circulating CD8* T cells, Tys, and Tys in the peripheral circula-
tion were independent prognostic factors in patients with HNSCC.
Moreover, CD38 expression in circulating T cells correlated with an
unfavorable prognosis. Accordingly, further characterization of cir-
culating T cells would facilitate the development of novel biomarkers
for patients with HNSCC.
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