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Abstract
Immune-checkpoint inhibitors improve the survival of head and neck squamous cell car-
cinoma (HNSCC) patients. Although recent studies have demonstrated that the tumor 
immune microenvironment (TIME) has critical roles in immunotherapy, the precise 
mechanisms involved are unclear. Therefore, further investigations of TIME are required 
for the improvement of immunotherapy. The frequency of effector regulatory T-cells 
(eTregs) and the expression of immune-checkpoint molecules (ICM) on eTregs and 
conventional T-cells (Tconvs) both in peripheral blood lymphocytes (PBL) and tumor-
infiltrating lymphocytes (TIL) from HNSCC patients were analyzed by flow cytometry 
and their distributions were evaluated by multi-color immunofluorescence microscopy. 
High frequency eTreg infiltration into HNSCC tissues was observed and high expres-
sions of CD25, FOXP3, stimulatory-ICM (4-1BB, ICOS, OX40 and GITR) and inhibitory-
ICM (programmed cell death-1 [PD-1] and cytotoxic T-lymphocyte-associated protein-4 
[CTLA-4]) were found on invasive eTregs. In contrast, the expression of stimulatory-ICM 
on Tconvs was low and the expression of inhibitory-ICM was high. In addition, ICM-
ligands (programmed cell death-1 [PD-L1], galectin-9 and CEACAM-1) were frequently 
expressed on cancer cells. PD-L1 and galectin-9 were also expressed on macrophages. 
PD-1+ T-cells interacted with PD-L1+ cancer cells or PD-L1+ macrophages. This sug-
gested that in TIL, eTregs are highly activated, but Tconvs are exhausted or inactivated 
by eTregs and immune-checkpoint systems, and ICM and eTregs are strongly involved 
in the creation of an immunosuppressive environment in HNSCC tissues. These sug-
gested eTreg targeting drugs are expected to be a combination partner with immune-
checkpoint inhibitors that will improve immunotherapy of HNSCC.
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1  | INTRODUC TION

Between 400 000 and 600 000 new cases of head and neck can-
cers (HNC) are diagnosed worldwide each year, with between 
223  000 and 300  000 deaths occurring annually.1 In Japan, the 
projected HNC incidence and mortality in 2018 were reported to 
be 27 600 and 8700, respectively; these figures are gradually in-
creasing every year.2

The standard therapies for HNC are surgery, radiotherapy, che-
motherapy and radio-chemotherapy. FP treatment (a combination 
of 5-fluorouracil [5-FU] and platinum drugs) or FP+ cetuximab is 
the standard therapy used for unresectable recurrent and distant 
metastatic cases.3-7 Recently, the programmed cell death-1 (PD-1) 
antibody medicines nivolumab and pembrolizumab demonstrated 
significant improvement in survival for recurrent and/or metastatic 
head and neck squamous cell cancers (HNSCC) in the CheckMate 
1418 and KEYNOTE-012 studies,9 respectively, and have been ap-
proved worldwide. However, more than 70% of patients are still 
non–responders for these PD-1 antibody medicines. Therefore, 
further development and improvement of immune therapeutics is 
required.

The tumor suppressive immune microenvironment is related 
to cancer progression and prognosis. The immune checkpoint 
system,10 metabolic conditions,11 and infiltration of immunosup-
pressive cells such as Tregs,12 myeloid derived suppressive cells 
(MDSC)13 and M2 macrophages14 are considered to be import-
ant factors for the creation of the tumor suppressive immune 
microenvironment. Therefore, a comprehensive analysis of the 
tumor suppressive immune microenvironment constituted by 
these factors is required to improve the efficacy of cancer immu-
notherapy. Because Tregs have highly immunosuppressive func-
tions15-17 and the numbers of Tregs infiltrating into cancer tissues 
are reported to be correlated with prognosis in many cancers,18-22 
including HNC,23,24 the regulation of Tregs is one direction for 
the development of novel cancer immunotherapies.12 Tregs can 
be classified into three fractions by flow cytometric two-dimen-
sional analysis using CD45RA and forkhead box P3 (FOXP3) 
staining as follows: resting Treg/naïve Treg (CD45RA+FOXP3lo), 
activating Treg/effector Treg (CD45RA−FOXP3hi) and non–Treg 
(CD45RA−FOXP3lo).17 Using this classification, immunosuppres-
sive activity is observed for effector Tregs (eTreg) and naive 
Tregs (nTreg) but not non–Tregs.17 In addition, it was reported 
that in colorectal cancers (CRC), cancer tissues were infiltrated 
by CD45RA−FOXP3lo non–Tregs that secreted inflammatory 
cytokines, and CRC with an abundant infiltration of non–Tregs 
showed a significantly better prognosis than those with a pre-
dominant infiltration of CD45RA−FOXP3hi cells.25 Because Tregs 
have been detected as CD4+CD25+ cells or CD4+FOXP3+ cells in 
many previous reports, it is difficult to determine which Tregs 
have suppressive activity. Therefore, we attempted to analyze 
the eTreg fraction by flow cytometric analysis using CD45RA 
and FOXP3 to specifically detect highly immunosuppressive 
Tregs. Immune-checkpoint molecules (ICM) on eTregs were 

also detected by flow cytometry to estimate the activation and 
functional status of eTregs. In addition, the distribution of ICM-
expressing cells in cancer tissues was analyzed by multi-color 
immunofluorescence microscopy. Thus, we specifically evaluated 
the immunosuppressive microenvironment in HNSCC tissues to 
explore new directions for the development of future HNSCC 
immunotherapy.

2  | MATERIAL S AND METHODS

2.1 | Patients and specimens

Peripheral venous blood samples, draining lymph node (DLN) sam-
ples and surgical cancer samples were obtained from 28 patients 
with HNSCC who underwent primary surgery between January 
2017 and April 2019 in the Department of Otorhinolaryngology 
and Surgical Pathology, Aichi Medical University Hospital. All sub-
jects signed written informed consent that was approved by the 
Institutional Review Committee (reference number: 2016-H171). 
Metastatic DLN were discriminated from non–metastatic DLN by 
using clinical PET-CT and enhanced cervical CT status and also dis-
tinguished by intraoperative findings, such as size and hardness. 
Finally, the metastatic DLN were also defined from the pathologi-
cal confirmation by microscopy. Patient characteristics are pre-
sented in Table 1.

2.2 | Flow cytometry

Peripheral blood lymphocytes (PBL), non–metastatic DNL lympho-
cytes (NM-DLNL), metastatic DLN lymphocytes (M-DLNL) and tumor 
infiltrated lymphocytes (TIL) were prepared from HNSCC patients 
as follows. PBL were isolated from heparinized peripheral blood by 
Ficoll-Paque PLUS (GE Healthcare) gradient centrifugation. For NM-
DLNL, M-DLNL and TIL, lymphnodes and cancer tissues obtained 
by surgical operation were minced in the cell detachment solution, 
Accutase (Innovative Cell Technologies), for 15 minutes at room tem-
perature, and were isolated from the extracted cells by Ficoll-Paque 
PLUS gradient centrifugation. PBL, NM-DLNL, M-DLNL and TIL were 
incubated with fluorochrome-conjugated mAbs to CD45RA, CD4 
and CD8 for 20 minutes at 4°C, and were washed once with wash-
ing buffer (PBS containing 0.2% human albumin and 2 mmol/L EDTA). 
Next, the cells were incubated with fluorochrome-conjugated mAbs 
to CD25 or ICM such as 4-1BB, inducible T-cell co-stimulator (ICOS), 
glucocorticoid-induced TNF receptor (GITR), OX40, PD-1, cytotoxic 
T-lymphocyte-associated protein-4 (CTLA-4), T-cell immunoglobulin 
and mucin domain-3 (TIM-3) or lymphocyte-activation gene-3 (LAG-
3) for 20  minutes at 4°C. After washing, the cells were fixed with 
fixative solution (eBioscience, CA, USA) for 30 minutes at 4°C, and 
were washed with permeabilized solution twice, followed by incuba-
tion with Alexa488 conjugated mAb to FOXP3 for 30 minutes at 4°C. 
Then the cells were analyzed on a FACSCanto II (BD Biosciences) with 
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the aid of FlowJo software (Tree Star). The monoclonal antibodies 
used are listed in Table 2.

2.3 | Multi-color immunofluorescence microscopy

Multi-immunofluorescent staining with 4-μm-thick paraffin-embed-
ded sections was performed using the tyramide signal amplification 
(TSA) system (PerkinElmer) for the detection of ICM such as PD-1, 
ICOS and GITR, ICM ligands such as programmed cell death receptor 
ligand 1 (PD-L1), galectin-9 and carcinoembryonic antigen-related 
cell adhesion molecule-1 (CEACAM-1), and T-cell lineage markers 
such as CD3 and CD8, and FOXP3 in HNSCC tissues. The monoclo-
nal antibodies used are listed in Table 2. De-paraffinized sections 
were incubated with antigen retrieval buffer (ab208572; Abcam) for 

10 minutes at 110°C in an autoclave. After cooling down to 60°C, 
the sections were blocked with 2% horse serum for 10 minutes at 
room temperature. Primary antibody reaction with appropriately 
diluted mAbs was performed for 60 minutes at room temperature. 
After washing with PBS for 5 minutes three times, secondary an-
tibody reactions were performed with peroxidase polymer anti–
mouse IgG or anti–rabbit IgG (Vector Laboratories) for 30 minutes at 
room temperature. The sections were washed with PBS for 5 min-
utes three times, then the stained molecules were visualized with 
the TSA system following the manufacturer’s recommended proce-
dure. Before progressing to the next molecule staining, the sections 
were heated with 10 mmol/L Tris-HCl containing 2 mmol/L EDTA 
(pH 9.0) for 10 minutes at 95°C to remove the binding antibodies 
from the first molecule staining step. Second, third and fourth mol-
ecule staining steps used the same staining procedure as for the first 

Case number Age Gender
Tumor 
site

TNM classification
Previous 
treatmentT N M

1 74 F Maxi 4a 1 0 NAC

2 61 M Maxi 4a 2b 0 NAC

3 79 M Hypo 4a 1 0 —

4 78 M Hypo 4a 1 0 —

5 75 M Hypo 4a 2a 0 —

6 66 M Hypo 3 1 0 —

7 55 M Hypo 3 2b 0 NAC

8 84 M Hypo 4 2b 0 —

9 71 F Hypo 4a 0 0 —

10 64 F Hypo 4a 0 0 CCRT

11 68 M Lar 2 2b 0 NAC

12 61 M Lar 2 0 0 NAC, RT

13 80 M Lar 1a 0 0 RT

14 79 M Lar 4a 2a 0 —

15 65 M Lar (R) 2 0 0 CCRT

16 76 M Lar (R) 1a 0 0 RT

17 68 M Lar (R) 3 0 0 NAC, RT

18 60 M Oro 4a 1 0 NAC

19 73 M Oro 1 1 0 NAC

20 73 M Oro (M) 2 2a 0 NAC

21 58 F Oral 2 0 0 NAC

22 77 M Oral 2 0 0 —

23 81 M Oral 3 2a 0 —

24 65 F Oral 3 1 0 chemo, RT

25 76 F Oral 2 2b 0 —

26 47 M Oral 4b 0 0 NAC

27 71 F Oral 2 0 0 —

28 77 M Oral (R) 2 2 0 RT

Abbreviations: CCRT, chemo + RT; chemo, chemotherapy; hypo, hypopharynx; lar, larynx; M, 
metastasis; maxi, maxi-sinus; NAC, neoadjuvant chemotherapy; oro, oropharynx; R, relapse; RT, 
radiotherapy.

TA B L E  1   Patient list in this study
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staining step described above. The multi-color staining images were 
captured using a digital pathology slide scanner, Aperio CS2 (Leica 
Microsystems KK), and analyzed with Aperio ImageScope software. 
Immunofluorescence analysis was performed using an immuno-
oncologist (SS) and two well-experienced pathologists (TT and 
TT). Expression frequencies and the distribution of each molecule 
on cancer cells or lymphocytes were evaluated for each sample by 
visual inspection. The expression frequencies were indicated as the 
average percentage in any three areas of 0.6 mm2.

2.4 | Tumor immune microenvironment 
classification of cancer tissues

The distribution of lymphocytes and CD8+ T-cells in the tissues was 
investigated with hematoxylin and eosin (HE) staining and conven-
tional immunohistochemistry with anti–CD8 mAb, and TIME clas-
sification was characterized into three types according to previous 
reports26-28: “immune-desert” in which very few T-cells infiltrated 
into cancer tissues; “immune-excluded” in which T-cells infiltrated 
into stromal areas but not into the nest; and “immune-inflamed” in 
which T-cells infiltrated into the nest and stroma (Figure S1).

2.5 | Statistical analysis

Correlations between two variables were assessed using Spearman’s 
rank correlation coefficient (Rs). Differences between two groups 
were examined with the Student t test.

3  | RESULTS

3.1 | Flow cytometric analysis of lymphocytes in 
head and neck squamous cell carcinoma patients: 
eTregs and Tconvs

3.1.1 | Significant infiltration of eTregs into 
head and neck squamous cell carcinoma tissues

The eTreg population in CD4+ lymphocytes (CD4+CD45RA−FOXP3hi) 
from HNSCC patients was evaluated (Figure  1). The eTreg popula-
tion of TIL (n  =  24; average 36.63%; SD, 12.53) was approximately 
nine times higher than that of PBL (n = 28; average, 4.28%; SD; 3.72) 
(Figure  1C,G). This suggested that eTregs predominantly infiltrated 
into the HNSCC tissues. The population of CD25+ cells was compared 

Antibodies Clones Manufactures
Catalogue 
number

Flow cytometry

CD4-APC RPA-T4 Biolegend 300514

CD8-PerCP SK1 BD B043-0087-120

CD25-PE M-A251 BD 555432

CD45RA-APC-H7 5H9 BD 561212

FOXP3-Alexa488 236A/E7 BD 561181

4-1BB-PE 4B4-1 BD 555956

ICOS-PE DX29 BD 557802

OX40-PE ACT35 BD 555838

GITR-BV421 108-17 Biolegend 371208

PD-1-BV421 EH12.2H7 Biolegend 329920

CTLA-4-BV421 BNI3 BD 562743

TIM-3-PE 7D3 BD 563422

LAG-3-BV421 11C3C65 Biolegend 369314

CCR4-PE L291H4 Biolegend 359412

Immunohistochemistry

PD-L1 28-8 Abcam ab205921

Galectin-9 DR94A CST 54330

CEACAM-1 EPR4049 Abcam ab108397

CD8 1A5 Biogenex MU422-UC

CD3 SP162 Spring bio M4622

PD-1 NAT105 Abcam ab52587

ICOS SP98 Spring bio M3982

GITR D9I9D CST 44689

FOXP3 236A/E7 Abcam ab20034

TA B L E  2   Antibodies used in this study
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between eTregs, CD4+ Tconvs (CD4+CD45RA−FOXP3−) and CD8+ 
Tconvs (CD8+CD45RA−). The CD25+ population of eTregs was mark-
edly higher than that of CD4+ and CD8+ Tconvs, both in PBL and TIL, 
which re–confirmed the significance of CD25 as a marker of Tregs 
(Figure 1E,F,H).

3.1.2 | High activation of eTregs with high 
expression of immune-checkpoint molecules, 
CD25 and FOXP3 in tumor-infiltrating lymphocytes 

Expressions of ICM in eTregs and Tconvs were evaluated (Figures 2 
and 3). Positive populations of stimulatory molecules such as 4-1BB, 
ICOS, OX40 and GITR in eTregs were markedly higher in TIL than 
PBL. Although significant differences were not observed in eTregs 

when the CD25+ population was compared between PBL and TIL 
(Figure  1H), the mean fluorescence intensity (MFI) in eTregs was 
higher in TIL than PBL (Figure  1I). In addition, the MFI of FOXP3 
in eTregs was also higher in TIL than PBL (Figure  1J). These find-
ings indicate that eTregs infiltrating into HNSCC tissues were highly 
activated.

3.1.3 | Various immune-checkpoint molecules’ 
expression level on Tconvs

The positive population of stimulatory molecules in Tconvs was 
also higher in TIL than PBL but was lower than that in eTregs 
(Figure  2). Differences in positive populations of the stimula-
tory molecules were observed between CD4+ Tconvs and CD8+ 

F I G U R E  1   Significant infiltration of eTregs into head and neck squamous cell carcinoma (HNSCC) tissues. Peripheral blood lymphocytes 
(PBL) and tumor-infiltrating lymphocytes (TIL) from patients with HNSCC were stained with mAb to CD4, CD8, CD45RA, CD25 and 
FOXP3. The frequency of eTregs and CD25 expression on eTregs and Tconvs was analyzed by flow cytometry. A representative analysis 
strategy is shown for case 23 (A–F). The lymphocytes from PBL and TIL were gated in the cytograms (A) and separated by CD4 and CD8 (B). 
Then, CD4-positive cells were separated by CD45RA and FOXP3 (C). The cells were gated on CD45RA+/FOXP3lo, CD45RA−/FOXP3lo and 
CD45RA−/FOXP3high, and CD45RA−/FOXP3high cells were determined to be eTregs (C). The CD4-positive cells gated in (B) were gated on 
CD45RA−/CD4+ (D) and CD25 expression was analyzed in the FOXP3 negative and positive populations (E). CD8-positive cells gated in (B) 
were separated by CD45RA and CD25, and CD25 expression was analyzed (F). eTreg frequencies (G) and the mean fluorescence intensity 
(MFI) of eTregs (J) were compared between PBL and TIL. CD25 frequencies in each fraction (H) and the MFI of eTregs (I) were compared 
between PBL and TIL
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Tconvs. The 4-1BB+ population was higher in CD8+ Tconvs than 
CD4+ Tconvs (Figure  2). In contrast, the positive populations of 
ICOS, OX40 or GITR were higher in CD4+ Tconvs than CD8+ Tconvs 
(Figure 2). The populations of inhibitory molecules, PD-1, CTLA-4 
and TIM-3, but not LAG-3, in eTregs were higher in TIL than PBL, 
and in Tconvs they were also higher in TIL compared with PBL 
(Figure  3). The positive populations of each inhibitory molecule 
were compared among three subsets: eTregs, CD4+ Tconvs and 
CD8+ Tconvs. PD-1 was very high in all three subsets, CTLA-4 was 
higher in eTregs than in CD4+ Tconvs and CD8+ Tconvs, and TIM-3 
and LAG-3 were higher in CD8+ Tconvs than in CD4+ Tconvs and 
eTregs (Figure 3).

3.1.4 | Association among cell populations in tumor-
infiltrating lymphocytes

Each ICM-positive population of T cells was compared with the 
eTreg population (Figure S2). A significant positive correlation was 

found between the eTreg population and positive populations of 
PD-1 and TIM-3 in CD8+ Tconvs but not between the eTreg popula-
tion and any ICM-positive populations in CD4+ Tconvs. In addition, 
we evaluated the correlation between each ICM population in CD4+ 
Tconvs, CD8+Tconvs and eTregs (Tables S1-S3). A significant correla-
tion was observed between 12 pairs, 6 pairs and 7 pairs of CD4+ 
Tconvs, CD8+Tconvs and eTregs, respectively. This suggested that 
ICM expression in HNSCC tissues was closely modulated, especially 
in CD4+Tconvs. A CTLA-4-positive population in CD4+ Tconvs sig-
nificantly correlated with positive populations of stimulatory ICM, 
such as 4-1BB, ICOS, OX40 and GITR, which are related to cell 
growth. However, these correlations were not observed for eTregs. 
PD-1-positive populations in CD4+ Tconvs and CD8+ Tconvs were 
not correlated with any ICM-positive populations. However, PD-1-
positive populations were correlated with 4-1BB and GITR in eTregs, 
and the expression of 4-1BB, which is a marker for T-cell activation 
and proliferation, on PD-1-positive T cell subsets in TIL was investi-
gated. The eTregs highly expressed 4-1BB compared with the Tconvs 
(Figure S3).

F I G U R E  2   Expression of stimulatory immune-checkpoint molecules (ICM) on eTregs and Tconvs in peripheral blood lymphocytes (PBL) 
and tumor-infiltrating lymphocytes (TIL) from head and neck squamous cell carcinoma (HNSCC) patients. Expression of stimulatory ICM in 
PBL and TIL on CD8+ Tconvs (A), CD4+ Tconvs and eTregs (B) is shown for case 23. Frequencies of stimulatory ICM in each fraction were 
compared between PBL and TIL (C)
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3.1.5 | Correlations in immune populations between 
peripheral blood lymphocytes and tumor-infiltrating 
lymphocytes 

The eTreg population in CD4+ T-cells was compared between PBL 
and TIL, but a significant correlation was not found. In addition, we 
compared ICM populations in each subset of T-cells, including CD8+ 
Tconvs and CD4+ Tconvs. We found significant positive correlations 
for GITR, PD-1 and CTLA-4 in CD4+ Tconvs and CTLA-4 in eTregs 
(Table  S4). These ICM on CD4+ Tconvs or eTregs in PBL might be 
biomarkers for treatment with anti–PD-1 and/or anti–CTLA-4.

3.1.6 | eTreg population and immune-checkpoint 
molecule expression in draining lymph node

The eTreg population in the DLN was evaluated. When the eTreg 
population in CD4+ T-cells was compared among PBL, NM-DLNL, 
M-DLNL and TIL, that in M-DLNL (n = 16, average; 15.11%, SD; 
10.48) was significantly higher than in NM-DLNL (n = 16, average; 
5.48%, SD; 2.69) and PBL (n = 28; average, 4.28%; SD; 3.72) but 

lower than in TIL (n = 24; average 36.63%; SD, 12.53) (Figure S4).  
We examined that eTreg populations in effector memory CD4+ 
T-cells (TEM) and central memory CD4+ T-cells (TCM) (Figure  S5). 
When ratios of % eTreg in TEM/% eTreg in TCM in collection sites of 
each sample were compared, the ratios were higher in TIL than NM-
DLNL and M-DLNL. This indicated that eTreg populations of TIL are 
biased towards the TEM subset rather than NM-DLNL and M-DLNL. 
Because TCM generally have a high growth capacity and longer life 
compared with TEM, we believe DLNL are an important source of 
eTregs in TIL.

3.1.7 | CCR4 expression in T-cell subsets in 
comparison with CTLA-4

It is known that CCR4 and CTLA-4 are the target molecules for Tregs.29,30 
These molecule expressions in three subsets, CD4+ Tconvs, CD8+ Tconvs 
and eTregs, were compared (Figure S6). Both CCR4 and CTLA-4 were pref-
erentially expressed on eTregs, both in PBL and TIL and were expressed 
on also CD4+ Tconvs and CD8+ Tconvs both in PBL and TIL (Figure S6). 
Selectivity for the expression of CTLA-4 on eTregs both in PBL and TIL 

F I G U R E  3   Expression of inhibitory immune-checkpoint molecules (ICM) on eTregs and Tconvs in peripheral blood lymphocytes (PBL) 
and tumor-infiltrating lymphocytes (TIL) from head and neck squamous cell carcinoma (HNSCC) patients. Expression of stimulatory ICM in 
PBL and TIL on CD8+ Tconvs (A), CD4+ Tconvs and eTregs (B) is shown for case 23. Frequencies of stimulatory ICM in each fraction were 
compared between PBL and TIL (C)
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was higher than that of CCR4 (Figure S6). Positive populations of CCR4 in 
each subset were higher than that of CTLA-4 (Figure S6A-c,d and B-a,b). 
Almost cells of eTregs in TIL were double positive for CCR4 and CTLA-4 
(Figure S6A-g). In contrast, these molecules’ expression in TIL was recip-
rocal in CD4+ and CD8+ Tconvs (Figure S6A-f, B-d).

3.2 | Immunohistochemical analysis of the 
microenvironment in head and neck squamous cell 
carcinoma tissues

3.2.1 | Tumor immune microenvironment 
classification of head and neck squamous cell carcinoma 
tissues and association with clinical features

Among 25 cases of HNSCC, 4 (16%) were classified as “im-
mune-inflamed,” 18 (72%) as “immune-excluded” and 3 (12%) as 

“immune-desert” based on TIME classification (Table 3). The repre-
sentative staining examples are shown in Figure S1.

Table S5 shows the association between TIME classification and 
clinical features (recurrence-free duration after surgery and survival 
duration after diagnosis), virus infections (HPV and EBV) and the 
Brickman index. However, we could not evaluate the associations of 
these factors with immune responses in this study because the num-
ber of cases was too small to analyze. Further study with a higher 
number of cases is required to determine whether TIME classifica-
tion is associated with the clinical features.

3.2.2 | Immune-checkpoint molecules’ ligand 
expression in the nest and stroma

Immune-checkpoint molecule ligand expression in the tissues was in-
vestigated by immunohistochemistry. The PD-L1-positive percentage 

TA B L E  3   Immunohistochemical analysis of tumor immune microenvironment (TIME) in head and neck squamous cell carcinoma tissues

Case 
number

TIME 
classification

Immunohistochemistry
T-cell infiltration 
(cell number)

PD-1 expression 
on T-cells Treg infiltration

PD-L1 Galectin-9
CEA
CAM1 Stroma Nest Stroma Nest

Cell number
Frequency in 
CD4+ T cells

Stroma Nest Stroma Nest

1 Excluded – Focal – ++ +w 50% 90% + -~+w 30% 70%

2 Excluded – – – +++ +w 80% 80% +~++ –~+w 30% nd

3 Excluded >50% 30% – ++ +w 50% 50% + –~+w 30% 10%

4 Excluded >50% Focal 30% ++ +w 50% 90% + – 50% –

5 Excluded – – Focal +~++ +w 50% 90% +w~+ – nd nd

6 Excluded 20% – Focal +w~++ +w nd nd +w~+ –~+w nd nd

7 Excluded – – 10% ++ - 50% nd + – 40% nd

9 Excluded 5% – – +~++ +w~+ 30% 70% + +w 50% 50%

10 Desert – 10% – -~+w - 80% nd –~+w – 50% 10%

11 Inflamed >50% >50% >50% ++ ++ 90% 90% +w~+ +w~+ 20% 20%

12 Excluded – 5% – +-++ +w nd nd + –~+w nd nd

13 Excluded >50% – – + +w~+ nd nd +w~+ +w nd nd

14 Excluded <5% 20% 10% +~++ -~+w 30% 70% + – 60% –

15 Excluded >50% 30% – +w~++ +w~+ 30% 70% + –~+w 60% 30%

17 Desert – – – + +w 50% 90% + –~+w 50% 50%

18 Excluded – focal – +w~+ +w~+ 50% 70% +w +w nd nd

20 Desert – – – -~+ - 50% nd +w – 30% –

21 Excluded 10% focal – +~++ +w~+ 50% 90% + +w 40% 50%

22 Excluded >50% 30% – +++ - 80% nd +~++ – nd nd

23 Excluded – 10% focal +w~++ +w 50% 90% + – nd nd

24 Inflamed >50% >50% – +++ ++ 70% 90% +~++ + nd nd

25 Inflamed >50% 10% – +++ +~++ 80% 80% +~++ + 50% 50%

26 Excluded 30% – – + - 50% nd +w – 50% –

27 Inflamed >50% >50% 10% ++~+++ +~++ 80% 80% +~++ + 60% 50%

28 Excluded >50% 20% – ++~+++ +w 30% 70% +~++ –~+w 40% 40%

–, <10 cells/0.6 mm2; +w, 10 ~ 100 cells/0.6 mm2; +, 100 ~ 500 cells/mm2; ++, 500-1000 cells/0.6 mm2; +++, >1000 cells/0.6 mm2; nd, not determined.
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on the nest in 25 cases of HNSCC was 60% (15/25), which is compa-
rable to previous reports of HNSCC,8 NSCLC31 and gastric cancer,32 
and higher than that of renal cancer,33 urothelial cancer34 and mela-
noma.35 All of the 4 “immune-inflamed” cases were positive for PD-L1 
on cancer cells at the positive rate of over 50%. In contrast, there were 
6 in 18 “immune-excluded” cases and none in the 3 “immune-desert” 
cases (Table 3). Galectin-9 also tended to be expressed in “immune-in-
flamed” cases more than in “immune-excluded” and “immune-desert” 
cases (Table 3). CEACAM-1 was expressed in 5 cases at the positive 

rate of over 10% (Table 3). Representative expressions of these mol-
ecules are shown in Figure  4A. In the stroma, PD-L1 and/or galec-
tin-9 were expressed in a population of macrophages (Figure 4B) in all 
cases. These PD-L1 and/or galectin-9-expressing macrophages were 
distributed along the periphery of the cancer nest (Figure 4C) in “im-
mune-excluded” cases. In “immune-inflamed” cases, PD-L1-positive 
macrophages were markedly infiltrated into the nests (Figure  4D). 
CEACAM-1 was not expressed on macrophages but was widely ex-
pressed on neutrophils (data not shown).

F I G U R E  4   Expression of immune-checkpoint molecule (ICM) ligands in head and neck squamous cell carcinoma (HNSCC) tissues. ICM 
ligands expression in the nest of case 11 is shown (A). Representative double immunostaining images with programmed cell death-1 (PD-1) 
in orange and cytokeratin in blue (upper right), galectin 9 in red and cytokeratin in blue (lower left) and CECAM-1 in green and cytokeratin in 
blue (lower right) are shown in the same area with HE images (upper left). ICM ligand expression in the stroma is shown (B). Representative 
double immunostaining images with PD-L1 in orange and CD204 in blue (upper right), CD68 in green and CD204 in blue (lower left) and 
galectin-9 in red and CD204 in blue (lower right) are shown in the same area with the HE images (upper left). Distribution of programmed 
cell death receptor ligand 1 (PD-L1) (orange) expressing macrophages along the periphery of the nest (cytokeratin in blue) was observed (C, 
upper panel) in an “immune-excluded” case (case 14). In an “immune-inflamed” case (case 24), high infiltration of PD-L1 (orange)-expressing 
macrophages into the nest (cytokeratin in blue) were observed (D, upper panel). These macrophages were positive for CD204 (C and 
D, lower panel). Upper right and lower right images of (C) and (D) indicate the expanded images of the white square left of the images. 
Magnifications are indicated in each image

(A) (B)

(C) (D)
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3.2.3 | Frequency and distribution of programmed 
cell death-1 expressing T-cells in the tissues

Programmed cell death-1 expression on T-cells in the tissues was 
examined by double immunostaining of CD3 and PD-1 (Table  3, 
Figure  5A). Most of the T-cells in TIL were PD-1-positive by im-
munohistochemistry, consistent with the results by flow cytom-
etry. PD-1+ T-cell frequency in the tissues was higher in “inflamed 
cases” than “excluded cases.” PD-1+ T-cell frequency in the nest 
was higher than the stroma in 10 of 12 “immune-excluded” cases, 
although it was almost equal between the nest and stroma in “im-
mune-iinflamed” cases (Table  3, Figure  5B). Interaction of PD-1+ 
T-cells and PD-L1+ cancer cells and/or macrophages was observed 
(Figure 5C).

3.2.4 | Frequency and distribution of Tregs 
in the tissues

The frequency of FOXP3 expression in CD4+ T-cells was evalu-
ated by triple immunostaining of CD3, CD8 and FOXP3 (Figure 6A) 
using 14 HNSCC tissues. In this evaluation, CD3+CD8− T-cells were 
measured as CD4+ T-cells because the staining intensity of com-
mercially available CD4 antibody is weak and CD4 is expressed on 
monocytes and macrophages. The results are shown in Table 3. The 
average and SD were 43.5% and 12.2, respectively, which are ap-
proximately 1.2 times higher than the results from flow cytometry 
(CD45RA−FOXP3hi). Any differences in the frequency of FOXP3 ex-
pression in CD4+ T-cells were not found between “immune-inflamed” 
cases and “immune-excluded cases,” or the stroma and the nest. 

F I G U R E  5    Programmed cell death-1 (PD-1) expression on T-cells and interaction with programmed cell death receptor ligand 1 (PD-L1) 
expressing cells in head and neck squamous cell carcinoma (HNSCC) tissues. HNSCC tissues were double stained with PD-1 and CD3 and 
representative PD-1 expression on T-cells in HNSCC tissue is shown in (A) (upper; CD3 in blue, middle; PD-1 in green, lower; merge). PD-1 
expressing T-cells were preferentially distributed in the nest of the “immune-excluded” case [case 15 (B, left)] and were equally distributed 
both in the nest and stroma [case 27 (B, right)]. Interactions of PD-L1 (orange) with cancer cells (cytokeratin+ in blue) (upper images) or 
macrophages (cytokeratin) with PD-1 (green) on lymphocytes are shown for case 24. Upper right and lower right images indicate the 
expanded images of the white square left of the images. White lines indicate the border between the nest and stroma. Magnifications are 
indicated in each image

(A)

(B)

(C)
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Tregs (CD3+CD8−FOXP3+) distribution in the tissues was evaluated 
using the same triple staining. Infiltration of Tregs was restricted in 
the stroma and many of them were distributed along the periphery 
of the nests in “immune-excluded” cases, while they were also ob-
served in the nest as equal as the stroma in “immune-inflamed” cases 
(Figure 6B). ICOS and GITR was preferentially expressed on FOXP3+ 
cells (Figure 6C), consistent with the results from flow cytometry. 
The ICOS and/or GITR-positive cells were more than 50% positive 
for FOXP3. However, the expression frequency of PD-1 on FOXP3+ 
cells (Figure  6C) was lower than the results from flow cytometry. 
The sensitivity of immunofluorescence for the detection of PD-1 is 
thought to be lower than for flow cytometry. The expression of other 
ICM (PD-L2, LSECtin, CTLA-4, TIM-3, LAG-3, OX40 and 4-1BB) and 
CD25 in the tissues was not investigated in this study because we 
could not find satisfactory antibodies for paraffin-embedded sec-
tions, although we tried several commercially available antibodies.

4  | DISCUSSION

We investigated TIME in HNSCC tissues by focusing on the infiltra-
tion of eTregs and the expression of ICM.

The eTreg population was evaluated by flow cytometric two-di-
mensional analysis of CD4+ fractions using CD45RA and FOXP3 to 
specifically detect high immunosuppressive fractions. Predominant 
eTreg infiltration into cancer tissues was elucidated and the infil-
trated eTregs were highly activated with high suppressive functions 
based on their high expression levels of CD25, FOXP3 and ICM. The 
eTreg frequency in TIL from HNSCC in this study (n = 24, average; 
36.6%) was higher than that of melanoma (n = 7 average; 4.65%),36 
gastric cancer (n = 35 average; 9.37%-36.0%),37 colon cancer (n = 35 
average; close to 18%)25 and non–small cell lung cancer (n  =  20, 
average; 9.8%).38 In contrast, there were few CD45RA−FOXP3lo 
non–Tregs in TIL from HNSCC compared with these tumors. The 

F I G U R E  6   Analysis of Tregs infiltrated into head and neck squamous cell carcinoma (HNSCC) tissues. HNSCC tissues were triple stained 
with CD3 in orange, CD8 in red and FOXP3 in blue. representative staining images are shown for case 11 (A). The upper left image shows 
staining with CD3 and FOXP3. All FOXP3+ cells were positive for CD3. The upper middle image shows staining with CD8 and FOXP3. All 
FOXP3+ cells were negative for CD8. The upper right image shows merging of the left and middle. White arrows indicate FOXP3+ cells. Flow 
cytometric results of eTreg frequency in CD4+ population from the same case (case 11) are shown in the lower panel. CD3+CD8-FOXP3+ 
cells were distributed along the periphery of the nests in the “immune-excluded” case (case 14, left of B) and were infiltrated both into the 
nest and stroma in the “immune-inflamed” case (case 27, right of B). ICOS (C, upper) or GITR (C, middle) were preferentially expressed on 
FOXP3+ cells but not programmed cell death-1 (PD-1) (C, lower). Magnifications are indicated in each image

(A)

(C)

(B)
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relevance of eTregs to create an immuno-suppressive microenviron-
ment was considered higher in HNSCC than in these other tumors.

Immune-checkpoint molecules on eTregs are related to their 
function and activation, suggesting that ICM are important targets 
of novel immunotherapy for HNSCC based on regulation of eTregs. 
For example, CTLA-4 is involved in the exhaustion of T-cells but is 
also an effector molecule of eTregs that sequesters CD28 from B7 
molecules such as CD80 and CD86 expressed on antigen presenting 
cells.39 Transforming growth factor (TGF)-β and the ectonucleoti-
dases CD39 and CD73 are important effector molecules of eTregs. 
Although we did not investigate the expressions of these molecules, 
it was previously reported that LAP (membrane-bound active form of 
TGF-β) and CD39 were highly expressed by FOXP3+ Tregs and that 
CD39+FOXP3+ Tregs simultaneously express CTLA-4 and TIM-3.40 
CTLA-4 was highly expressed on the eTregs of TIL in HNSCC patients, 
whereas a lower expression of CTLA-4 was observed on Tconvs, es-
pecially CD8+ Tconvs. Interestingly, a CTLA-4-positive population in 
CD4+ Tconvs was significantly correlated with positive populations of 
stimulatory ICM. However, these correlations were not observed for 
eTregs. This suggests that CTLA-4 in CD4+ Tconvs is expressed upon 
growth stimulation in HNSCC tissues; in contrast, CTLA-4 in eTregs 
is constitutively expressed, in accord with a recent study.41 This indi-
cates that CTLA-4 functions as an effector molecule of eTregs rather 
than the exhaustion of Tconvs in HNSCC tissues.

In addition, PD-L1/PD-1 interactions augment Treg proliferation 
and maintain Treg activation status dependent on the lipid phospha-
tase, phosphatase and tensin homolog (PTEN),42 and are critical for 
the extrathymic differentiation of peripherally-induced Treg cells in 
vivo.43 These previous reports and our findings about the expres-
sion and distribution of PD-L1 and PD-1 in the tissues indicate that 
the exhaustion of Tconvs and the activation and functional enhance-
ment of eTregs simultaneously occur in HNSCC tissues through 
PD-L1/PD-1 interactions, which deeply suppress the cancer immu-
nity. This suggested that anti–PD-1 antibody medicines function not 
only as an immune-checkpoint blocker but also as an eTreg regulator 
in HNSCC. However, it was recently reported that PD-L1/PD-1 in-
teraction inhibits eTreg activation and PD-1 blockade causes rapid 
cancer progression, referred to as hyperprogressive disease.44 Other 
recent reports also suggest that PD-1 expressed on Tregs is related 
to suppression or exhaustion of Tregs.45,46 For further discussion, 
we investigated the association among ICM-positive populations in 
TIL. PD-1-positive populations were correlated with 4-1BB and GITR 
in eTregs but not in CD4+ Tconvs and CD8+ Tconvs, which may in-
dicate that PD-1 expression in eTregs is activation dependent and 
independent both in CD4+ Tconvs and CD8+ Tconvs. In addition, the 
PD-1+ eTregs highly expressed 4-1BB, which is a marker for T-cell 
activation and proliferation, rather than the Tconvs. Therefore, PD-1 
expression may represent exhaustion in Tconvs but activation in 
eTregs. This suggests that PD-1+ eTregs are not exhausted and sup-
ports the results of a recent study,47 showing that the expression of 
genes related to proliferation and suppressive function were posi-
tive for PD-1 in Tregs. However, our discussion is based only on the 
results of ICM expression by flow cytometric analysis. Therefore, 

further investigations with functional analysis should be performed 
using eTregs. Thus, the roles of PD-1 on eTregs are still unclear. We 
are continuing to investigate the roles of PD-1 on eTregs because 
this might provide an important basis for the development of novel 
cancer treatments using ICM inhibitors.

The eTreg population in HNSCC tissues was correlated with the 
PD-1-positive population in CD8+ Tconvs. This suggest that eTreg 
additively suppress cancer immunity together with PD-1 express-
ing on CD8+ Tconvs. Combination therapy of ICM inhibitors and 
eTreg targeting agents is considered to be synergistic for depres-
sion of cancer-immune suppression. It is reported that a refractory 
HNSCC patient was successfully treated with anti–PD-1, nivolumab 
in combination with anti–CTLA-4, ipilimumab.48 Although the action 
mechanism of ipilimumab is not fully understood, the Tregs target-
ing mechanism might be important. Ipilimumab target Tregs in mela-
noma tissue by cell-mediated cytotoxicity.30 However, combination 
therapy with nivolumab and ipilimumab has limitations for use in 
all patients due to severe adverse events such as colitis, pneumo-
nitis and hepatilis.49,50 Because severe adverse events are limited 
to skin rash in mogamulizumab treatment,30,51 mogamulizumab is 
considered manageable for the adverse events rather than ipilim-
umab. Expression of CCR4 and CTLA-4 on PBL or TIL from HNSCC 
patients was compared. Almost all eTregs in TIL were double pos-
itive for CCR4 and CTLA-4, whereas these molecules’ expression 
was reciprocal in Tconvs. This indicates that population in the Tconv 
targeted by mogamulizumab is different from that of ipilimumab, al-
though both antibodies target the same population of eTregs. In PBL, 
the expression level of CCR4 on eTregs was higher than CTLA-4, and 
CCR4 was highly expressed on the subpopulation of Tconvs, which 
was almost negative for CTLA-4. Thus, the cells targeted by mog-
amulizumab were different to those of ipilimumab. These findings 
are interesting for the development of combination therapy of mog-
amulizumab and anti–PD-1, such as nivolumab and pembrolizumab.

In addition to CTLA-4 and PD-1, the other ICM, 4-1BB,52 ICOS,53 
OX40,54 GITR,55 TIM-356 and LAG-3,57 which are associated with 
the activation and suppressive functions of eTregs, were highly 
expressed on eTregs, except for LAG-3 in HNSCC tissues. In addi-
tion, ligands of TIM-3, galectin-9 and CEACAM-1 were frequently 
expressed in HNSCC tissues. Although other ligands’ expression 
could not be investigated, many kinds of ICM were considered to be 
involved in the activation of eTregs in HNSCC so that novel immuno-
therapy based on eTreg regulation by medicines targeting ICM would 
be expected. Many antibody medicines to ICM which enhance acti-
vation and inhibit exhaustion of Tconvs are under development. In 
developing ICM antibody medicines, it is necessary to comprehen-
sively examine the effects on both Tconvs and Tregs.

The eTreg population in NM-DLNL is equal to PBL, and sig-
nificantly lower than in M-DLNL and TIL. This indicates that the 
immune-response functions in non–metastatic DLN in HNSCC pa-
tients remain normal and can fight against the cancer cells. Indeed, 
for head and neck cancer surgical treatment, neck dissection has 
been widely used and accepted as the most appropriate surgical 
treatment. Initially, radical neck dissection that removed almost all 
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NM-DLN and also M-DLN was accepted, but functional neck dis-
section was approved as a safer operation.58 However, during this 
type of operation the surgeon could not detect which DLN were 
metastatic or non–metastatic. From our results, it is considered that 
the NM-DLN should be preserved in the primary surgical operation 
for the adjuvant immunotherapy and/or the immunotherapy after 
recurrence. Further studies on TIME in the DLN and the cancer 
tissues are necessary for improvement of HNSCC immunotherapy 
and also for novel surgical oncological treatment. Interestingly, the 
eTreg population in TCM was higher in DLNL than TIL. Because TCM 
generally has high growth capacity and a longer life than TEM, it is 
considered that DLNL are important as the source of eTregs in TIL 
and, therefore, eTregs in DLNL are more important as a target for 
eTreg targeting therapy.

In this study, ICM expressions and eTreg frequency in TIL were 
investigated by both flow cytometry and immunohistochemistry. 
Expression frequency of ICOS and GITR on T-cells or Tregs, and 
FOXP3 expression frequency in CD4+ T-cells by immunohistochem-
istry were comparable to those by flow cytometry. However, PD-1 
expressing on eTregs could not be clearly detected by immunohisto-
chemistry due to the low sensitivity. Improvement of the sensitivity 
is required. Because the distribution of T-cell subsets and ICM in the 
tissues can be investigated by immunohistochemistry, investigations 
by flow cytometry and immunohistochemistry are important for a 
comprehensive understanding of TIME. However, the sample num-
bers in this study were too small for clinicopathological analysis of 
TIME in HNSCC. Further studies with larger samples are necessary.

In conclusion, our results demonstrated that ICM function in the 
immune-checkpoint system but also have important roles for the elic-
itation of eTreg activation and functions, which might create a tumor 
suppressive immune microenvironment in HNSCC tissues. Many 
combination immunotherapies with immune-checkpoint inhibitors 
are being investigated in clinical trials for HNSCC.59 It is important to 
choose drug combinations that effectively inhibit eTreg functions and 
immune-checkpoint systems to improve HNSCC immunotherapy.
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