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Defining biomarkers in oral
cancer according to smoking
and drinking status

Juliette Rochefort1,2,3*, Ioannis Karagiannidis1†,
Claude Baillou1†, Lisa Belin4, Maude Guillot-Delost1,
Rodney Macedo1, Aline Le Moignic1, Véronique Mateo1,
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Department of Pathology, Paris, France, 7AP-HP, Groupe hospitalier Pitié-Salpêtrière, Department
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Introduction: Oral Squamous Cell Carcinomas (OSCC) are mostly related to

tobacco consumption eventually associated to alcohol (Smoker/Drinker

patients: SD), but 25-30% of the patients have no identified risk factors (Non-

Smoker/Non-Drinker patients: NSND). We hypothesized that these patients

have distinguishable immune profiles that could be useful for prognosis.

Materials and Methods: Cells present in immune tumor microenvironment

(TME) and blood from 87 OSCC HPV-negative patients were analyzed using a

multiparameter flow cytometry assay, in a prospective case-control study.

Cytokine levels in tumor supernatants and blood were determined by a

cytometric bead array (CBA) assay.

Results: Normal gingiva and blood from healthy donors (HD) were used as

controls. A significant increase of granulocytes (p<0.05 for blood), of

monocytes-macrophages (p<0.01 for blood) and of CD4+ T cells expressing

CD45RO and CCR6 (p<0.001 for blood; p<0.0001 for TME) as well as higher

levels of IL-6 (p<0.01 for sera, p<0.05 for tumor supernatant) were observed in

SD patients as compared to NSNDOSCC patients and HD. High percentages of

CD4+ T cells expressing CD45RO and CCR6 cells in tumor tissue (p=0.05) and

blood (p=0.05) of SD OSCC patients were also associated with a poorer

prognosis while a high percentage of regulatory T cells (Treg) in tumor tissue

was associated with a more favorable prognostic factor (p=0.05). Also, a higher

percentage of blood CD8+ T lymphocytes among CD45+ cells in NSND

patients was associated with a better disease-free survival (p=0.004).
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Conclusion: Granulocytes, monocytes-macrophages, and CD4+ T cells

expressing CD45RO and CCR6 in blood and TME as well as serum IL-6 can

therefore distinguish OSCC SD and NSND patients. Quantifying the proportion

of CD4+ T cells expressing CD45RO and CCR6 and of Treg in SD patients and

CD8+ T cells in NSND patients could help defining the prognostic of OSCC

patients.
KEYWORDS

oral cancer, prognostic biomarker, tumor microenvironment, oral squamous cell
carcinoma, non-smoker, non-drinker
1 Introduction

Oral squamous cell carcinomas (OSCC) have a poor

prognostic. The main risk factors are tobacco consumption

associated or not to alcohol intake (Smoker/Drinker patients:

SD) (1). However, OSCC are also diagnosed in non-smoker and

non-drinker patients (NSND) (2), in particular in young patients

(<40-years old) (3, 4), notably for the tongue in females (5, 6).

OSCC in NSND patients are epidemiologically different

from SD patients (4, 6). For the young NSND patients, a

direct oncogenic role of HPV has not been demonstrated (7–

9), unlike oropharyngeal SCC (10), although the gene expression

profiles are potentially compatible with a “hit and run” viral

origin (11, 12). NSND and SD patients with OSCC can be also

discriminated by differences in their immune tumor

microenvironment (TME) (13). However, only few studies

have analyzed immune cells present within the TME and/or

the blood of Head and Neck Squamous Cell Carcinoma

(HNSCC) patients and whether the NSND and SD OSCC

patients exhibit different immune characteristics (14–16). In

HNSCC smoker patients, a marked immunosuppression is

revealed by a higher mutational smoking signature associated

with lower immune infiltrates and a differential gene expression

profile (14). Smokers patients with human papillomavirus

(HPV)-negative OSCC exhibit a decrease of CD8+ T cells and

PD-L1+ cells (15). Other studies have reported a decrease of

dendritic cells (DCs) in the TME of smokers with OSCC as

compared to non-smokers (16).

Moreover, tumor infiltrating lymphocytes (TILs) such as

CD8+ T lymphocytes and regulatory T cells (Treg) have been

associated with a favorable outcome in oropharyngeal cancers (17,

18). Their impact on the prognosis in OSCC patients is still

unclear, even when an elevated neutrophil-to-lymphocyte ratio

(NLR) and a platelet-to-lymphocyte ratio (PLR) are associated

with a negative survival (19). Interestingly, a higher proportion of

T helper 17 cells (Th17 cells) among blood cells has been reported

in OSCC patients (20). However, their role as pro- or anti-tumor

effector cells is a matter of debate (21). Of note, it is still unclear
02
whether the immune cell subsets infiltrating the tumor or

circulating in blood of OSCC patients represent biomarkers

related to either SD or NSND status and can be differentially

associated with prognosis in these two groups of patients. Thus, in

the present study, we investigated whether OSCC in SD and

NSND patients exhibit distinguishable immune profiles that could

make it possible to define biomarkers of interest. We have

therefore analyzed immune cell subsets in the blood and TME

of OSCC patients separated depending on their risk factors.
2 Materials and methods

2.1 Patients and healthy donors

87 primary OSCC patients (63 males and 24 females) were

recruited before any treatment in the department of Maxillo-

facial Surgery (Pitié-Salpêtrière hospital, Paris, France).

Clinicopathological characteristics were collected and are

presented in Table 1. Patients were separated into non-

smokers/non-drinkers (28 NSND) and smokers/drinkers (59

SD). As opposed to SD patients, NSND were defined as

strictly non-smokers (no consumption of any pack per year)

or having stopped smoking at least 15 years prior to the date of

diagnosis, regardless of the amount smoked and as (ii) non-

drinkers or having light/occasional alcohol consumption or

having stopped drinking at least 15 years prior to the date of

diagnosis, regardless of initial alcohol consumption. Among the

12 NSND patients belonging to the >70-year-old decade and

beyond (Table 1), two of them stopped smoking 20 and 35 years

prior to the date of diagnosis, all the others being strictly non-

smokers. 49/87 patients had no medical history and were not

under medical treatment related to other systemic diseases (13

NSND and 36 SD). For other patients, the three most common

diseases were diabetes (5 NSND and 3 SD) hypertension (9

NSND and 7 SD), and Chronic Obstructive Pulmonary Disease

(4 SD). Tumor staging was assessed according to the Union for

International Cancer Control’s (UICC) tumor-node-metastasis
frontiersin.org
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criteria (22). 71 NSND and SD healthy donors (HD) were

recruited from the Odontology department and from the

department of Addictology (Pitié-Salpêtrière hospital). Age

and gender of HD are depicted in Supplementary Table S1.

Normal gingival tissue samples were obtained from 18 HD (9

NSND, 9 SD) and peripheral blood from 53 HD (19 NSND, 34

SD) was collected. All gingival samples were collected from sites

without clinical signs of gingival inflammation. Surgery

indications were orthodontic indication or root fracture. The

piece of gingiva was removed from the attached gingiva and not

from the free gingiva to avoid any source of local inflammation.

All participants were recruited between 2013 and 2017.
Frontiers in Oncology 03
2.2 Samples from patients and healthy
donors

Peripheral blood was collected from the 87 OSCC patients

before surgery. Fresh tumor samples (collected from tumor edge) of

44 of the 87 OSCC patients (14 NSND; 30 SD) were obtained after

surgical resection or biopsy. Gingival tissues (non-tumor tissue

controls) were obtained from 18 HD (9 NSND; 9 SD) undergoing

preventive tooth extraction. Written informed consents were

obtained and the study was approved by the institutional review

board and by the Ethics Committee of Inserm (n°19-564) and

conducted in accordance with the Declaration of Helsinki.
TABLE 1 Clinical features of OSCC patients and differences between NSND and SD OSCC patients.

Characteristics OSCCa patients
n = 87

NSNDb patients
n = 28 SDc patients n = 59 p-value

Gender Male 63 (72.41%) 16 (57.14%) 47 (79.66%) 0.028

Female 24 (27.59%) 12 (42.86%) 12 (20.34%)

Age Min/Maxd 28/87 30/87 28/81 0.058

Mede [IQRf] 62 [52.5-69] 67 [51.25-77.25] 60 [52.5-66.5]

Mean (std) 59.91 ± 13.72 63.11 ± 18.03 58.39 ± 10.97

<50 years 19 (21.84%) 7 (25%) 12 (20.34%) 0.0016

50-70 years 49 (56.32%) 9 (32.14%) 40 (67.8%)

>70 years 19 (21.84%) 12 (42.86%) 7 (11.86%)

Smoking No 28 (32.18%) 28 (100%) 0 (0%) <0.0001

Yes 59 (67.82%) 0 (0%) 59 (100%)

Drinking No 42 (48.27%) 28 (100%) 14 (23.72%)g <0.0001

Yes 45 (51.72%) 0 (0%) 45 (76.27%)

Localizations Gingiva 30 (34.48%) 10 (35.71%) 20 (33.9%) 0.185

Tongue 28 (32.18%) 9 (32.14%) 19 (32.2%)

FTMh 21 (24.14%) 4 (14.29%) 17 (28.81%)

Othersi 8 (9.2%) 5 (17.86%) 3 (5.08%)

Nodal No 39 (44.82%) 14 (50%) 25 (42.37%) 0.814

Yes 48 (54.17%) 14 (50%) 34 (57.62%)

UICCj Stage I 18 (20.69%) 7 (25%) 11 (18.64%) 0.575

II 9 (10.34%) 3 (10.71%) 6 (10.17%)

III 6 (6.9%) 3 (10.71%) 3 (5.09%)

IV 54 (62.07%) 15 (53.57%) 39 (66.1%)

aOSCC, oral squamous cell carcinoma; bNSND, Non-Smoker/Non-Drinker; cSD, Smoker/Drinker; dMin, minimum/Max: maximum; eMed, median; fIQR, Inter quartile Range; gNot all
smokers are drinkers; hFTM, Floor of the mouth; iOther localizations are cheek, palate, lips; jUICC, Union for International Cancer Control’s. Data are presented as numbers and
(relative percentage). Qualitative variable analyses were performed by a chi-square test and quantitative variable analyses by a Student t-test, comparing NSND and SD patients. Non-
parametric tests (Wilcoxon or Fisher tests) were used when appropriate. p-value ≤0.05 was considered as significant.
fron
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2.3 HPV analysis in tumor samples

Tumor fragments were obtained by punching in the tumoral

zones of paraffin-embedded tumor blocks (Department of

Pathology, Pitié-Salpêtrière hospital). HPV status was determined

using the INNO-LiPA HPV Genotyping Extra II (Fujirebio, Les

Ulis, France) according to the manufacturer’s instructions.
2.4 Cell isolation and multiparameter
flow cytometry analysis

Single cell suspensions were obtained after non-enzymatic

digestion of fresh tumor tissues or from gingival tissue using the

Cell Recovery Solution (Corning, Boulogne-Billancourt, France)

at 4°C for 1 h. Cells were stained with Live/Dead-APCH7™

(Invitrogen - Thermo Fisher Scientific, Illkirch, France) and

stained with labeled monoclonal antibodies (mAbs)

(Supplementary Table S2) or isotype-matched mAbs used as

controls according to manufacturer’s instructions. After cell

surface staining, red blood cells were lysed.

For Foxp3 intracellular staining, cells were fixed and

permeabilized with Foxp3/Transcription Factors Staining Buffer

Set (eBioscience – Thermo Fisher Scientific) and then stained with

a Foxp3 mAb. Acquisition and data analyses were performed

using a LSRII flow cytometer (Becton Dickinson, Le Pont de Claix,

France), FlowJo software (TreeStar, Ashland, OR, USA) and

Kaluza software (Beckman Coulter, Roissy CDG, France). The

immune cell subsets analyzed were analyzed using the following

cell surface markers: Leukocytes: CD45+ cells; Granulocytes (Gr)

(eosinophils-neutrophils): CD45+CD15+CD11b+ cells;

Monocytes-macrophages (Mo-Mf): CD45+CD14+ cells; B

l ymphocy t e s : CD45+CD19+ ce l l s ; CD4+ T ce l l s :

CD45+CD3+CD4+ cells; CD8+ T cells: CD45+CD3+CD8+ cells;

Treg: CD45+CD4+ CD25highCD127lowFoxp3+ cells; CD4+ T cell

subset (able to polarize towards a Th17 phenotype) (23, 24):

CD45RO+CCR6+CD4+CD45+ cells. The gating strategy is shown

in Supplementary Figure S1.
2.5 Detection of IL-17 in peripheral blood
T lymphocytes

2x106 Peripheral blood mononuclear cells (PBMC) isolated

from 22 NSND and 15 SD OSCC patients were stimulated in

RPMI 1640 medium containing 10% heat-inactivated fœtal calf

serum with phorbol 12-myristate 13-acetate (PMA) (50 ng/mL)

and ionomycin (1 µM) in the presence of Brefeldin A (10 µg/mL)

(Sigma-Aldrich, Saint-Quentin-Fallavier, France) for 4 h. Cells

were stained with anti-CD3 and anti-CD4 labelled mAbs, fixed

and permeabilized with the fixation/permeabilization buffer (BD

Biosciences). An intracellular antibody staining of IL-17

(Supplementary Table S2) was then performed according to
Frontiers in Oncology 04
manufacturer’s instructions. Acquisition and data analyses were

performed as described above.
2.6 Measurement of cytokines in tumor
supernatants and sera from OSCC
patients

Supernatants were obtained by incubating 25-30 mg of 11 (4

NSND, 7 SD) tumor fragments in 250 µL of RPMI medium

supplemented with glutamine and penicillin/streptomycin for

24 h. Sera samples were obtained from 26 OSCC patients (11

NSND and 15 SD) and 18 HD (5 NSND, 13 SD). Samples were

frozen at -80°C. Cytokine levels were measured in tumor

supernatants and sera by a cytometric bead array (CBA) assay

using the human Th1/Th2/Th17 Cytokine Kit (BD Biosciences,

Le Pont de Claix, France). Data were collected using a LSRII flow

cytometer (Becton Dickinson) and then processed for analysis

with the FCAP Array software (version 3.0, BD Biosciences).
2.7 Statistical analysis/data analysis

Qualitative variable analyses were performed by a chi-square

test and quantitative variable analyses (means and/or medians

with variances and/or range) by a Student t-test, comparing

NSND and SD patients. In some experiments, the absolute

number of cells was calculated because a change in the cell

percentage could be due to the expansion or the decrease of

other cells rather than a change in the absolute number of the

cells being investigated. Non-parametric tests (Wilcoxon or

Fisher tests) were used when appropriate. To evaluate if

differences were significantly associated with risk factors

independently of clinical parameters, an ANOVA regression

model was used. Disease-free survival (DFS) was defined from

the date of the initial diagnosis to the date of progression,

recurrence, death, or at their last known contact date. Kaplan-

Meier method and Cox regression model were used to analyze

univariable and multivariable outcomes based on high or low

levels according to the median of immune biomarkers. The Log-

Rank test was used to calculate the differences observed between

the groups of patients. Values are presented as mean ± SEM.

Statistical analysis was performed with R Version 3.4.1. software.
3 Results

3.1 Clinical characteristics of NSND and
SD OSCC patients are different

The cohort of 87 HPV-negative OSCC patients was

separated into 59 SD and 28 NSND (Table 1). The gender and

age distribution of the two groups were different (Figure 1 and
frontiersin.org
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Table 1). Although we did not observe statistical differences

between SD and NSND patients for age ranking, patients

between 50-70 years old were twice more frequent in the SD

group than in the NSND group. Patients over 70 years were 3.6-

fold more frequent in the NSND group that in the SD group.

Below 50 years old, NSND and SD patients were rather equally

distributed (Figure 1 and Table 1).

Tumors from gingiva and tongue represented about 2/3 of

all OSCC in both groups of patients (Table 1). However, tumors

located in the floor of the mouth were twice more frequent in SD

patients than in NSND patients. No statistical difference in the

staging of the lesions or between non-nodal/nodal cancers was

observed between NSND and SD patients. In term of disease-

free survival (DFS), no statistical difference was found between

the two groups of patients (data not shown).
3.2 Tumor microenvironment and blood
from NSND and SD patients exhibit
different immune composition

Immune cells of the TME and blood from patients were

analyzed by multiparameter flow cytometry (Figure 2). For all

OSCC patients, a significant increase of leukocytes was observed

as compared to tissues and blood from HD (Figure 2A, top left

and right panels) with a parallel increase of granulocytes and

monocytes-macrophages observed in TME (Figure 2A, lower left

panels) and in the blood (Figure 2A, lower right panels) of OSCC

patients as compared to HD.

Moreover, leukocytes, granulocytes and monocytes-

macrophages (Mo-Mf) blood counts from SD OSCC patients

were significantly increased as compared to NSND (Figure 2B,

right upper and lower panels). In TME, the counts of these cells

were not statistically different between the two groups of patients

but remained strongly increased compared to tissues from HD

with similar risk factors (Figure 2B, upper and lower left panels).

The percentages of B cells, CD4+ and CD8+ T cells in tissue

were not different between patients and healthy donors
Frontiers in Oncology 05
(Figure 3, upper left panel). A significant decrease of the

absolute numbers of blood CD4+ T cells and B cells was

observed in NSND patients as compared to SD patients and to

NSND healthy donors (Figure 3, upper right panel). The

absolute number of circulating CD8+ T cells from SD patients

was slightly, albeit significantly (p = 0.03), decreased as

compared to SD healthy donor group (Figure 3, upper

right panel).

Analysis of regulatory T cells (Treg) within CD4+ cells in

both the TME and blood (Figure 3, lower left and middle right

panels) from OSCC patients revealed a significant increase as

compared to HD control groups (p < 0.0001), without difference

between SD and NSND patients. Similarly, CD45RO+

CCR6+CD4+ cells (24, 25) (Figure 3, lower middle left and

lower right panels) exhibited a significant increase in the TME

(p = 0.0003) and blood (p = 0.0001) of SD patients, as compared

to NSND patients and HD. Higher percentages of IL-17+ cells

were also detected in the blood CD4+CD3+ T-cell compartment

from SD patients as compared to NSND patients after in vitro

PMA stimulation (Figure 4A). Of note, no difference

(percentages and counts) was observed between SD and

NSND healthy donors, both in gingival tissue and blood

(Figures 2B and 3). Thus, tobacco consumption associated or

not with alcohol intake had no impact in healthy donors. Since

CD45RO+CCR6+CD4+ cells contain cells that polarize towards

an IL-17 phenotype upon in vitro stimulation and since Th17

cells promotes the secretion of IL-6 (25), we quantified IL-6 in

sera from OSCC patients and HD and in tumor secretome.

Significant higher levels were detected in SD patients as

compared to NSND patients and to HD groups (Figure 4B),

with the highest concentration observed in the tumor

supernatants (Figure 4C).

Of note, a marked decrease in circulating CD4+ T cells in

NSND patients was observed. Remarkably, whatever the tumor

stage (early [I and II] and advanced [III and IV], the percentages

of CD45RO+CCR6+ cells were increased in SD patients as

compared to NSND patients (Figure 5A), whereas the

percentages of Treg were similar (Figure 5B).
FIGURE 1

Age and gender distribution of NSND and SD OSCC patients depending on their risk factors. □: female, ■: male; OSCC, Oral Squamous Cell
Carcinoma; NSND, Non-Smoker/Non-Drinker; SD, Smoker/Drinker.
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3.3 Tumor-infiltrating
CD45RO+CCR6+CD4+ cells and Treg
cells and blood CD45RO+CCR6+CD4+

cells and granulocytes are associated
with the survival of SD patients but not
of NSND patients

Then, we performed an univariate COX regression analysis

on both groups of patients to assess whether the differences

observed in the blood and TME between SD and NSND patients

are associated with different DFS (Table 2 and Figure 6A). The
Frontiers in Oncology 06
presence of CD4+ or CD8+ T cells in the TME had no impact on

the DFS of the whole cohort and for both groups of patients

(Table 2). By contrast, the presence of more than 19.2% of

CD45RO+CCR6+CD4+ cells was significantly associated with a

poor prognosis in the TME of SD patients, but not in NSND

patients (Table 2 and Figure 6A, upper panels). The presence of

more than 18.6% of Treg in the TME was a favorable prognostic

factor for SD patients but not for NSND patients (Table 2 and

Figure 6A, lower panels).

In the blood from SD patients but not from NSND patients,

the presence of more than 30% of CD45RO+CCR6+CD4+ cells
B

A

FIGURE 2

Analysis of the innate immune contents of tumor tissue and blood samples from OSCC patients and healthy donors according to risk factors
(SD vs NSND). Data are presented either as absolute number of cells per mg of tumor or gingival tissue, or as absolute number of cells per µL of
blood. (A) Analysis of leukocytes, granulocytes and monocytes-macrophages (Mo-Mf) of OSCC patients and healthy donors (HD); data from
OSCC patients (□, 44 tumors and 87 blood samples from OSCC patients) were compared to those obtained from healthy donors (○, 18 normal
gingival tissues and 53 blood samples). (B) Analysis of leukocytes, granulocytes and monocytes-macrophages (Mo-Mf) of OSCC patients and
healthy donors depending on risk factors exposition. Data from SD (■) and NSND (□) OSCC patients were compared to those obtained from
SD (●) and NSND (○) healthy donors. 14 tumors and 28 blood samples from NSND OSSC patients and from 30 tumors and 59 blood samples
from SD OSCC patients, and 9 normal gingival tissues and 19 blood samples from NSND healthy donors and from 9 normal gingival tissues and
34 blood samples from SD healthy donors were analyzed by flow cytometry. For statistical analysis, a Mann-Whitney test was used. Bars
represent the standard error of the mean (SEM). *p ≤ 0.05; **p ≤ 0.01; *** p ≤ 0.001; ns: not significant.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1068979
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Rochefort et al. 10.3389/fonc.2022.1068979
BA C

FIGURE 4

Analysis of IL-17+CD4+CD3+ T cells and of IL-6 production. (A) Percentage of IL-17+ blood cells detected in CD4+CD3+ gated cells analyzed by
flow-cytometry as described in Materials and Methods. Data are presented as percentages of cells among CD4+ T cells or by pg IL-6 per mL of
serum or tumor supernatant. Data from 15 SD OSCC patients (■) were compared to those from 22 NSND OSCC patients (□). (B) Detection of
IL-6 in serums from 15 SD (■) and 11 NSND (□) OSCC patients were compared to 5 NSND (○) and 13 SD (●) healthy donors. (C) Detection of
IL-6 in tumor supernatants from 7 SD (■) and 4 NSND (□) OSCC patients. For statistical analysis, a Mann-Whitney test was used. Bars represent
the standard error of the mean (SEM). *p ≤ 0.05; **p ≤ 0.01; ns: not significant.
BA

FIGURE 3

Analysis of the adaptive immune contents of tumor tissue and blood samples from OSCC patients and healthy donors according to risk factors
(SD vs NSND). Data are presented either as percentages of cells among CD45+ cells or CD4+ T cells, or as absolute number of cells per µL of
blood. (A) Tissue analysis and (B) Blood analysis, of B lymphocytes, CD4+ and CD8+ T cells among CD45+ cells (upper panels), and of Treg and
CD45RO+CCR6+ cells among CD4+ T cells (lower panels) of OSCC patients and healthy donors depending on risk factors exposition. Data from
SD (■) and NSND (□) patients were compared to those obtained from SD (●) and NSND (○) healthy donors (14 tumors and 28 blood samples
from NSND OSSC patients; 30 tumors and 59 blood samples from SD OSCC patients; 9 normal gingival tissues and 19 blood samples from
NSND healthy donors; 9 normal gingival tissues and 34 blood samples from SD healthy donors). For statistical analysis, a Mann-Whitney test was
used. Bars represent the standard error of the mean (SEM). *p ≤ 0.05; *** p ≤ 0.001; ****p ≤ 0.0001; ns: not significant.
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or more than 66% of granulocytes were also significantly

associated with a poor prognosis (Table 2 and Figure 6B,

upper and middle panels). In NSND patients, none of these

markers except one (Figure 6B, left lower panel) had any

incidence on the DFS (Figure 6A and Figure 6B, left panels). A

percentage of CD8+ T cells greater than 4.7% appeared to be a
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better DFS for NSND patients but not for SD patients (Table 2

and Figure 6B, lower panels).

Multivariate COX regression analyses confirmed that high

percentages of blood granulocytes and CD45RO+CCR6+CD4+

cells are significantly associated with a poor prognosis in SD

patients (Table 3).
TABLE 2 Univariate COX regression analysis of immune cells in OSCC patients.

NSND patients SD patients

Cell subset Cut-off
(%)a

HR
(95% CI)b p- valuec HR

(95% CI) p-value

Blood Granulocytes 66 0.63 (0.16-2.36) 0.49 2.47 (1.05-5.80) 0.03

CD8+ T cells 4.7 0.18 (0.048-0.68) 0.004 0.73 (0.36-1.45) 0.27

CD4+ T cells 12 1.02 (0.27-3.84) 0.98 0.52 (0.26-1.07) 0.07

Treg 7 0.58 (0.17-1.98) 0.37 0.86 (0.44-1.70) 0.67

CD45RO+CCR6+

(CD4+ T cells)
30 2.38 (0.72-7.89) 0.14 2.09 (1.00-4.39) 0.05

Tumor Granulocytes 29.8 2.76 (0.44-17.33) 0.26 0.605 (0.15-2.34) 0.46

CD8+ T cells 9.4 0.41 (0.08-2.14) 0.28 0.80 (0.30-2.10) 0.64

CD4+ T cells 13.8 2.05 (0.36-11.45) 0.40 0.53 (0.2-1.42) 0.20

Treg 18.6 4.1 (0.42-40) 0.19 0.34 (0.11-1.07) 0.05

CD45RO+CCR6+

(CD4+ T cells)
19.2 3.12(0.51-18.90) 0.19 2.79 (0.94-8.28) 0.05

aThe cut-off for each cell subset is the median value obtained for the whole cohort of patients. bHR, Hazard Ratio. 95% CI, 95% Confidence Interval. c The likelihood ratio test was used to
calculate the differences observed between the groups of patients. p ≤0.05 was considered as significant. For a p-value ≤0.05, HR <1 or HR >1 are of favorable or poor prognosis,
respectively.
fron
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FIGURE 5

Analysis of circulating CD45RO+CCR6+ cells (left panel) and Treg (right panel) in patients at early and advanced OSCC stages. (A) The presence
of circulating CD45RO+CCR6+ cells was analyzed in 28 NSND (□) (11 early and 17 advanced stages) and 52 SD (■) (15 early and 37 advanced
stages) OSCC patients. (B) The presence of circulating Treg was analyzed in 27 NSND (□) (10 early and 17 advanced stages) and in 52 SD (■) (14
early and 38 advanced stages) OSCC patients were analyzed for Treg. Early stage: stages I and II; advanced stage (Adv): stages III and IV. For
statistical analysis, a Mann-Whitney test was used. Bars represent the standard error of the mean (SEM). *p ≤ 0.05; ns: not significant.
tiersin.org

https://doi.org/10.3389/fonc.2022.1068979
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Rochefort et al. 10.3389/fonc.2022.1068979
B

A

FIGURE 6

Disease-Free Survival (DFS) of OSCC patients. (A) DFS of NSND patients (left panels) and SD patients (right panels), dichotomized to the medians
of percentages of CD45RO+CCR6+CD4+ T cells (19.2%) (upper panels) and Treg (18.6%) (lower panels) in TME. (B) DFS of NSND patients (left
panels) and SD patients (right panels), dichotomized to the medians of CD45RO+CCR6+CD4+ cells (30%) (upper panels), of granulocytes (66%)
(middle panels) and of CD8+ T cells (4.7%) (lower panels) in blood. The cut-off for each cell subset is the median value obtained for the whole
cohort of patients (87 OSCC). Kaplan-Meier Disease-Free Survival curves are presented. The blue and red lines represent patients exhibiting
percentages of the indicated cell population above and below the cut-off value, respectively. The Log-Rank test was used to calculate the
differences observed between the groups of patients. p ≤ 0.05 was considered as significant.
TABLE 3 Multivariate COX regression analysis of blood granulocytes and CD45RO+CCR6+CD4+ T cell subset in SD OSCC patients.

Cell subset Cut-off
(%)a

HR
(95% CI)b p-valuec

Blood Granulocytes 66 3.65 (1.43-9.28) 0.006

CD45RO+CCR6+

(CD4+ T cells)
30 3.04 (1.21-7.67) 0.003

aThe cut-off for each cell subset is the median value obtained for the whole cohort of patients. bHR, Hazard Ratio. 95% CI, 95% confidence interval. cp-value ≤0.05 was considered as
significant. The likelihood ratio test was used to calculate the differences observed between the groups of patients. For a p-value ≤0.05, HR <1 or HR >1 are of favorable or poor
prognosis, respectively.
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4 Discussion

In the present report, we have set up a prospective cohort of

OSCC patients to study whether their blood and TME immune cell

contents are different. We show that SD patients exhibit a

significant increase of CD45RO+CCR6+CD4+ cells and of IL-17+

cells, both in TME and blood, as compared to NSND patients and

healthy donors, independently from the tumor stage, alongside with

a significant higher level of IL-6, in both blood and tumor culture

supernatants. The tobacco did not provoke per se this increase as it

was not observed in SD healthy donors.Whether the comparison of

SD patients with NSND patients is biased due to the presence of a

high proportion of NSND patients (42.86%) belonging to the >70-

year-old decade and beyond (Table 1) as compared to the SD

patients (11.86%) is an open question. However, it should be

stressed that, in our study, the age difference between NSND and

SD patients is mostly related to a slight shift in the distribution of

the highest number of patients in each group, from the > 70-year-

old decade and beyond for NSND patients to the > 60-69-year-old

decade for SD patients (Figure 1). Thus, the two groups of patients

are closely age-related, making unlikely a significant impact on

immune cell composition due to the difference.

In some experiments, we present the absolute number of

immune cells per mg of tissue to give a whole view of the

magnitude of tumor-infiltrating leukocytes in the different samples.

This made it possible to examine whether differences in the

magnitude of infiltration by immune cells between patients and

healthy donors (Figure 2A) and between NSND and SD patients

(Figure 2B) occur. Thus, we could show that immune cells infiltrating

OSCC tumors are present in different numbers and proportions

depending on the groups of patients (NSND vs SD). We have also

evaluated the proportion of granulocytes among CD45+ cells in HD

andOSCC patients. No significant differences were observed between

the two groups of patients. This was expected since the OSCC

patients exhibited an increase in the number of leukocytes,

including granulocytes, leading to a lack of change in the

Granulocytes/CD45+ ratio. Moreover, we analyzed cells isolated

from tumor edge because this area is the region where immune

cells aremostly present and exhibit strong cellular interactions in solid

tumors including OSCC (15). It is well established that the centers of

solid tumors are largely hypoxic and necrotic and contain fewer

immune cells, making flow cytometry analysis of these cells difficult.

Two patients had an elevated percentage of IL-17+CD4+CD3+

cells. Both were males and SD, without any other disease or

treatment. Their tumors were localized in gingiva and diagnosed

at a late stage (Stade 4). These two patients were not excluded from

statistical analyses. First, they were studied in the same experiments

using the same protocol and reagents as other patients. Thus, there is

no obvious experimental bias. Second, regarding to their clinical

status, no parameter (gender, stage of the disease, tumor localization)

distinguished them from other patients. Interestingly, these two

patients had Stage 4 OSCC. This stage has been associated with a

marked change in the oral microbiota environment, with a
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significant increase in the presence of various bacteria (26).

Notably, the presence of F. nucleatum has been correlated with an

increase in the IL-17A production and in the frequency of intestinal

Th17 cells in colorectal cancer (27). Also, in OSCC, both F.

nucleatum and P. gingivalis provoke an increase of the local levels

of IL-6 and CCL20 (26). Thus, assessing the bacterial load in the

OSCC-induced lesions depending on the NSND and SD status is

certainly an important investigation to be done.

Of note, a study based on genomic data has suggested that SD

and NSND patients exhibit different transcriptomic profiles of

TME (13) in line with our present results. The increase of

CD45RO+CCR6+CD4+ cells, IL-17+ cells and granulocytes in

SD patients was significantly associated with a poor prognosis,

although no difference in terms of the overall DFS between SD

and NSND patients was observed, as already reported (28–30).

Whether the increased presence of Th17+ cells is associated with a

poor prognosis is still a matter of controversy. In an heterogenous

cohort of HNSCC patients, it has been shown that blood IL-17+

cells are negatively correlated with the overall survival (31). Also,

in OSCC patients, the detection of IL-17 in tumor budding was

found to be associated with a poor prognosis (32). By contrast, it

has been reported that Th17 cells which are present in large

numbers both in the peripheral blood and TME of HNSCC

patients, inhibit the proliferation of HNSCC cells (33). Also, in

OSCC, it has been suggested that Th17 cells may have effector

immune functions in oral cancer immunity (21).

The mechanism by which CD45RO+CCR6+CD4+ cells and

granulocytes are recruited in TME is likely related to the presence of

elevated amounts of IL-6 in tumor secretome from SDOSCCpatients.

Among pro-inflammatory cytokines, IL-17 triggers the accumulation

in blood and tissues of neutrophils, major source of IL-6, a potent pro-

inflammatory cytokine known to polarize CD4+ T cells toward a Th17

cell phenotype (34–36). Th17 cells in turn can recruit granulocytes,

mostly neutrophils and eosinophils (37) that are strongly involved in

tumor immune surveillance. Their pro-tumor role in TME has been

highlighted although they can also exert an anti-tumor activity by

direct killing of tumor cells and through their participation in the

activation of anti-tumor cellular networks (38). Of note, a significant

difference in plasma levels of IL-6 was found between early and

advanced OSCC stages (19). Also, it has been reported that IL-6

increases the migration properties of OSCC cells (39). In our work, no

elevation of IL-6 level was observed in NSND patients, together with a

lack of significant increase of CD45RO+CCR6+CD4+ cells and of IL-

17+ cells in their TME and blood.

The proportion of B and T lymphocytes in the tumors were

not different from those of tissue-infiltrating lymphocytes in

healthy donors. However, an increase of the frequency of blood

CD8+ T lymphocytes was associated with a better prognosis for

NSND patients but not SD patients. A high frequency of CD4+ T

cells either in TME or blood had no impact on the prognosis in

both groups of patients, in agreement with some reports (40, 41)

but not all (42). Actually, a meta-analysis about the prognostic

significance of CD4+ and CD8+ tumor-infiltrating lymphocytes
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in oral cavity cancers showed that the prognostic relevance

depends on their intra-tumoral location (43).

A significant increase of Treg was also observed in the TME and

blood from SD OSCC patients, as compared to SD healthy donors

and NSND patients. The presence of more than 18% of Treg in

TME was a favorable prognostic factor only for SD OSCC patients

by contrast to NSND patients. Although high levels of Treg in TME

or blood are usually associated in most cancer patients with a poor

prognosis (44), their inhibitory effect on suppressive myeloid cells

and pro-inflammatory cells that participate to tumor development

such as Th17 cells could also hinder tumor growth and metastatic

dissemination. This has been exemplified in pancreatic tumor

where Treg depletion in mice has led to an increase of

immunosuppressive myeloid cells and fibroblast reprogramming

and accelerated carcinogenesis (45). Furthermore, an increase of

Treg has been often associated with a more favorable prognosis in

HNSCC, including OSCC (46) as observed in the present study.

A follow-up of the immune cell populations relative to the

continuation of exposure to risk factors (smoking/drinking) during

treatment of OSCC SD patients was not performed in the study. It

should be of interest to do it in further studies where a larger group

of SD patients will be studied. Notably, it has been demonstrated

that tobacco consumption during external beam radiotherapy of

prostate cancer negatively impacts prognosis (47) whereas cessation

after diagnosis of lung cancers improves prognostic outcomes (48).

Overall, our work shows that blood and TME immune cells in

NSND and SDOSCC patients present a different phenotypic profile.

Specific biomarkers for SD patients (i.e., CD45RO+CCR6+CD4+

cells, granulocytes, monocytes-macrophages, and Treg) and for

NSND patients (CD8+ T cells) have been identified as strong

candidates for being prognostic biomarkers. Future studies based

on larger cohorts of NSND and SD OSCC patients should

strengthen the data presented herein. Such studies should

discriminate former smokers from strictly non-smokers and blood

analysis should be performed during the follow-up of the patients.

The biomarkers evidenced in the present study could be then used

in routine clinical practice to evaluate possible tumor recurrence and

identify patient subgroups eligible to immunotherapies.
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SUPPLEMENTARY FIGURE 1

Gating strategy used in the study of tumor samples and whole blood. After
dead cells (for tumor samples) and doublets exclusion, seven subpopulations

gated on CD45+ cells were identified: CD15+CD11b+ (granulocytes), CD14+
Frontiers in Oncology 12
(monocytes-macrophages (Mo-Mf), CD19+CD3- (B cells), CD3+CD4+ (CD4+

T cells), CD3+CD8+ (CD8+ T cells), CD3+CD4+CD25+FoxP3highCD127low

(Treg), CD45+CD4+CD45RO+CCR6+ (CD4+ T cell subset containing cells
able to polarize towards a Th17 phenotype upon in vitro stimulation).
References
1. Mello FW, Melo G, Pasetto JJ, Silva CAB, Warnakulasuriya S, Rivero ERC.
The synergistic effect of tobacco and alcohol consumption on oral squamous cell
carcinoma: a systematic review and meta-analysis. Clin Oral Invest (2019) 23:2849–
59. doi: 10.1007/s00784-019-02958-1

2. Dahlstrom KR, Little JA, Zafereo ME, Lung M,Wei Q, Sturgis EM. Squamous
cell carcinoma of the head and neck in never smoker-never drinkers: a descriptive
epidemiologic study. Head Neck (2008) 30:75–84. doi: 10.1002/hed.20664

3. Hussein AA, Helder MN, de Visscher JG, Leemans CR, Braakhuis BJ, de Vet
HCW, et al. Global incidence of oral and oropharynx cancer in patients younger
than 45 years versus older patients: A systematic review. Eur J Cancer (2017)
82:115–27. doi: 10.1016/j.ejca.2017.05.026

4. Mneimneh WS, Xu B, Ghossein C, Alzumaili B, Sethi S, Ganly I, et al.
Clinicopathologic characteristics of young patients with oral squamous cell
carcinoma. Head Neck Pathol (2021) 15:1099–108. doi: 10.1007/s12105-021-
01320-w

5. Satgunaseelan L, Allanson BM, Asher R, Reddy R, Low HTH, Veness M, et al.
The incidence of squamous cell carcinoma of the oral tongue is rising in young
non-smoking women: An international multi-institutional analysis. Oral Oncol
(2020) 110:104875. doi: 10.1016/j.oraloncology.2020.104875

6. Uddin S, Singh A, Mishra V, Agrawal N, Gooi Z, Izumchenko E. Molecular
drivers of oral cavity squamous cell carcinoma in non-smoking and non-drinking
patients: what do we know so far? Oncol Rev (2022) 16:549. doi: 10.4081/
oncol.2022.549

7. Patel SC, Carpenter WR, Tyree S, Couch ME, Weissler M, Hackman T, et al.
Increasing incidence of oral tongue squamous cell carcinoma in young white
women, age 18 to 44 years. JCO (2011) 29:1488–94. doi: 10.1200/JCO.2010.31.7883

8. Bertolus C, Goudot P, Gessain A, Berthet N. Clinical relevance of systematic
human papillomavirus (HPV) diagnosis in oral squamous cell carcinoma. Infect
Agents Cancer (2012) 7:13. doi: 10.1186/1750-9378-7-13

9. Zafereo ME, Xu L, Dahlstrom KR, Viamonte CA, El-Naggar AK, Wei Q, et al.
Squamous cell carcinoma of the oral cavity often overexpresses p16 but is rarely
driven by human papillomavirus. Oral Oncol (2016) 56:47–53. doi: 10.1016/
j.oraloncology.2016.03.003

10. Chaturvedi AK. Epidemiology and clinical aspects of HPV in head and neck
cancers. Head Neck Pathol (2012) 6:16–24. doi: 10.1007/s12105-012-0377-0

11. Brennan K, Koenig JL, Gentles AJ, Sunwoo JB, Gevaert O. Identification of
an atypical etiological head and neck squamous carcinoma subtype featuring the
CpG island methylator phenotype. EBioMedicine (2017) 17:223–36. doi: 10.1016/
j.ebiom.2017.02.025

12. Foy J-P, Bertolus C, Boutolleau D, Agut H, Gessain A, Herceg Z, et al.
Arguments to support a viral origin of oral squamous cell carcinoma in non-
smoker and non-drinker patients. Front Oncol (2020) 10:822. doi: 10.3389/
fonc.2020.00822

13. Foy J-P, Bertolus C, Michallet M-C, Deneuve S, Incitti R, Bendriss-Vermare
N, et al. The immune microenvironment of HPV-negative oral squamous cell
carcinoma from never-smokers and never-drinkers patients suggests higher clinical
benefit of IDO1 and PD1/PD-L1 blockade. Ann Oncol (2017) 28:1934–41.
doi: 10.1093/annonc/mdx210

14. Desrichard A, Kuo F, Chowell D, Lee K-W, Riaz N, Wong RJ, et al. Tobacco
smoking-associated alterations in the immune microenvironment of squamous cell
carcinomas. JNCI: J Natl Cancer Institute (2018) 110:1386–92. doi: 10.1093/jnci/
djy060

15. de La Iglesia JV, Slebos RJC, Martin-Gomez L, Wang X, Teer JK, Tan AC,
et al. Effects of tobacco smoking on the tumor immune microenvironment in head
and neck squamous cell carcinoma. Clin Cancer Res (2020) 26:1474–85.
doi: 10.1158/1078-0432.CCR-19-1769

16. Barbieri S, Schuch LF, Cascaes AM, Gomes APN, Tarquinio SBC, Mesquita
RA, et al. Does smoking habit affect dendritic cell expression in oral squamous cell
carcinoma? Braz Oral Res (2022) 36:e044. doi: 10.1590/1807-3107bor-
2022.vol36.0044

17. Distel LV, Fickenscher R, Dietel K, Hung A, Iro H, Zenk J, et al. Tumour
infiltrating lymphocytes in squamous cell carcinoma of the oro- and hypopharynx:
Prognostic impact may depend on type of treatment and stage of disease. Oral
Oncol (2009) 45:e167–74. doi: 10.1016/j.oraloncology.2009.05.640

18. Wansom D, Light E, Thomas D, Worden F, Prince M, Urba S, et al.
Infiltrating lymphocytes and human papillomavirus-16-associated oropharyngeal
cancer. Laryngoscope (2012) 122:121–7. doi: 10.1002/lary.22133

19. Lee S, Kim DW, Kwon S, Kim HJ, Cha I-H, Nam W. Prognostic value of
systemic inflammatory markers for oral cancer patients based on the 8th edition of
AJCC staging system. Sci Rep (2020) 10:12111. doi: 10.1038/s41598-020-68991-3

20. Gaur P, Qadir GA, Upadhyay S, Singh AK, Shukla NK, Das SN. Skewed
immunological balance between Th17 (CD4+IL17A+) and treg (CD4+CD25
+FOXP3+) cells in human oral squamous cell carcinoma. Cell Oncol (2012)
35:335–43. doi: 10.1007/s13402-012-0093-5

21. Gaur P, Shukla NK, Das SN. Phenotypic and functional characteristics of
Th17 (CD4 + IL17A +) cells in human oral squamous cell carcinoma and its clinical
relevance. Immunol Investigations (2017) 46:689–702. doi: 10.1080/
08820139.2017.1360344

22. Edge SB, Compton CC. The American joint committee on cancer: the 7th
edition of the AJCC cancer staging manual and the future of TNM. Ann Surg Oncol
(2010) 17:1471–4. doi: 10.1245/s10434-010-0985-4

23. Singh SP, Zhang HH, Foley JF, Hedrick MN, Farber JM. Human T cells that
are able to produce IL-17 express the chemokine receptor CCR6. J Immunol (2008)
180:214–21. doi: 10.4049/jimmunol.180.1.214

24. Guillot-Delost M, Le Gouvello S, Mesel-Lemoine M, Cheraï M, Baillou C,
Simon A, et al. Human CD90 identifies Th17/Tc17 T cell subsets that are depleted
in HIV-infected patients. J Immunol (2012) 188:981–91. doi: 10.4049/
jimmunol.1101592

25. Fossiez F, Banchereau J, Murray R, Van Kooten C, Garrone P, Lebecque S.
Interleukin-17. Int Rev Immunol (1998) 16:541–51. doi : 10.3109/
08830189809043008

26. Irfan M, Delgado RZR, Frias-Lopez J. The oral microbiome and cancer.
Front Immunol (2020) 11:591088. doi: 10.3389/fimmu.2020.591088

27. Brennan CA, Clay SL, Lavoie SL, Bae S, Lang JK, Fonseca-Pereira D, et al.
Fusobacterium nucleatum drives a pro-inflammatory intestinal microenvironment
through metabolite receptor-dependent modulation of IL-17 expression. Gut
Microbes (2021) 13:1987780. doi: 10.1080/19490976.2021.1987780

28. Stähelin H, Francisco ALN, Mariano FV, Kowalski LP, Gondak R. Impact of
smoking on dendritic cells in patients with oral squamous cell carcinoma. Braz
Oral Res (2021) 35:e075. doi: 10.1590/1807-3107bor-2021.vol35.0075

29. Kruse AL, Bredell M, Grätz KW. Oral squamous cell carcinoma in non-
smoking and non-drinking patients. Head Neck Oncol (2010) 2:24. doi: 10.1186/
1758-3284-2-24

30. Bachar G, Hod R, Goldstein DP, Irish JC, Gullane PJ, Brown D, et al.
Outcome of oral tongue squamous cell carcinoma in patients with and without
known risk factors . Oral Oncol (2011) 47 :45–50 . doi : 10 .1016/
j.oraloncology.2010.11.003

31. Lee M-H, Tung-Chieh Chang J, Liao C-T, Chen Y-S, Kuo M-L, Shen C-R.
Interleukin 17 and peripheral IL-17-expressing T cells are negatively correlated
with the overall survival of head and neck cancer patients. Oncotarget (2018)
9:9825–37. doi: 10.18632/oncotarget.23934

32. Zhang S, Wang X, Gupta A, Fang X, Wang L, Zhang C. Expression of IL-17
with tumor budding as a prognostic marker in oral squamous cell carcinoma. Am J
Transl Res (2019) 11:1876–83.

33. Kesselring R, Thiel A, Pries R, Trenkle T, Wollenberg B. Human Th17 cells
can be induced through head and neck cancer and have a functional impact on
HNSCC development. Br J Cancer (2010) 103:1245–54. doi: 10.1038/sj.bjc.6605891

34. Mangan PR, Harrington LE, O’Quinn DB, Helms WS, Bullard DC, Elson
CO, et al. Transforming growth factor-beta induces development of the T(H)17
lineage. Nature (2006) 441:231–4. doi: 10.1038/nature04754

35. Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger B. TGFbeta in
the context of an inflammatory cytokine milieu supports de novo differentiation of IL-
17-producing T cells. Immunity (2006) 24:179–89. doi: 10.1016/j.immuni.2006.01.001
frontiersin.org

https://doi.org/10.1007/s00784-019-02958-1
https://doi.org/10.1002/hed.20664
https://doi.org/10.1016/j.ejca.2017.05.026
https://doi.org/10.1007/s12105-021-01320-w
https://doi.org/10.1007/s12105-021-01320-w
https://doi.org/10.1016/j.oraloncology.2020.104875
https://doi.org/10.4081/oncol.2022.549
https://doi.org/10.4081/oncol.2022.549
https://doi.org/10.1200/JCO.2010.31.7883
https://doi.org/10.1186/1750-9378-7-13
https://doi.org/10.1016/j.oraloncology.2016.03.003
https://doi.org/10.1016/j.oraloncology.2016.03.003
https://doi.org/10.1007/s12105-012-0377-0
https://doi.org/10.1016/j.ebiom.2017.02.025
https://doi.org/10.1016/j.ebiom.2017.02.025
https://doi.org/10.3389/fonc.2020.00822
https://doi.org/10.3389/fonc.2020.00822
https://doi.org/10.1093/annonc/mdx210
https://doi.org/10.1093/jnci/djy060
https://doi.org/10.1093/jnci/djy060
https://doi.org/10.1158/1078-0432.CCR-19-1769
https://doi.org/10.1590/1807-3107bor-2022.vol36.0044
https://doi.org/10.1590/1807-3107bor-2022.vol36.0044
https://doi.org/10.1016/j.oraloncology.2009.05.640
https://doi.org/10.1002/lary.22133
https://doi.org/10.1038/s41598-020-68991-3
https://doi.org/10.1007/s13402-012-0093-5
https://doi.org/10.1080/08820139.2017.1360344
https://doi.org/10.1080/08820139.2017.1360344
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.4049/jimmunol.180.1.214
https://doi.org/10.4049/jimmunol.1101592
https://doi.org/10.4049/jimmunol.1101592
https://doi.org/10.3109/08830189809043008
https://doi.org/10.3109/08830189809043008
https://doi.org/10.3389/fimmu.2020.591088
https://doi.org/10.1080/19490976.2021.1987780
https://doi.org/10.1590/1807-3107bor-2021.vol35.0075
https://doi.org/10.1186/1758-3284-2-24
https://doi.org/10.1186/1758-3284-2-24
https://doi.org/10.1016/j.oraloncology.2010.11.003
https://doi.org/10.1016/j.oraloncology.2010.11.003
https://doi.org/10.18632/oncotarget.23934
https://doi.org/10.1038/sj.bjc.6605891
https://doi.org/10.1038/nature04754
https://doi.org/10.1016/j.immuni.2006.01.001
https://doi.org/10.3389/fonc.2022.1068979
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Rochefort et al. 10.3389/fonc.2022.1068979
36. McGinley AM, Sutton CE, Edwards SC, Leane CM, DeCourcey J, Teijeiro A,
et al. Interleukin-17A serves a priming role in autoimmunity by recruiting IL-1b-
Producing myeloid cells that promote pathogenic T cells. Immunity (2020) 52:342–
356.e6. doi: 10.1016/j.immuni.2020.01.002

37. Grisaru-Tal S, Itan M, Klion AD, Munitz A. A new dawn for eosinophils in
the tumour microenvironment. Nat Rev Cancer (2020) 20:594–607. doi: 10.1038/
s41568-020-0283-9

38. Jaillon S, Ponzetta A, Di Mitri D, Santoni A, Bonecchi R, Mantovani A.
Neutrophil diversity and plasticity in tumour progression and therapy. Nat Rev
Cancer (2020) 20:485–503. doi: 10.1038/s41568-020-0281-y

39. Alves A, Diel L, Ramos G, Pinto A, Bernardi L, Yates J, et al. Tumor
microenvironment and oral squamous cell carcinoma: A crosstalk between the
inflammatory state and tumor cell migration. Oral Oncol (2021) 112:105038.
doi: 10.1016/j.oraloncology.2020.105038

40. Grimm M, Feyen O, Hofmann H, Teriete P, Biegner T, Munz A, et al.
Immunophenotyping of patients with oral squamous cell carcinoma in peripheral
blood and associated tumor tissue. Tumour Biol (2016) 37:3807–16. doi: 10.1007/
s13277-015-4224-2

41. Shimizu S, Hiratsuka H, Koike K, Tsuchihashi K, Sonoda T, Ogi K, et al.
Tumor-infiltrating CD8+ T-cell density is an independent prognostic marker for oral
squamous cell carcinoma. Cancer Med (2019) 8:80–93. doi: 10.1002/cam4.1889

42. Nguyen N, Bellile E, Thomas D, McHugh J, Rozek L, Virani S, et al.
Tumor infiltrating lymphocytes and survival in patients with head and neck
Frontiers in Oncology 13
squamous cell carcinoma. Head Neck (2016) 38:1074–84. doi: 10.1002/
hed.24406

43. Borsetto D, Tomasoni M, Payne K, Polesel J, Deganello A, Bossi P, et al.
Prognostic significance of CD4+ and CD8+ tumor-infiltrating lymphocytes in head
and neck squamous cell carcinoma: A meta-analysis. Cancers (2021) 13:781.
doi: 10.3390/cancers13040781

44. Takeuchi Y, Nishikawa H. Roles of regulatory T cells in cancer immunity.
Int Immunol (2016) 28:401–9. doi: 10.1093/intimm/dxw025

45. Zhang Y, Lazarus J, Steele NG, YanW, Lee H-J, Nwosu ZC, et al. Regulatory
T-cell depletion alters the tumor microenvironment and accelerates pancreatic
carcinogenesis. Cancer Discovery (2020) 10:422–39. doi: 10.1158/2159-8290.CD-
19-0958

46. Bron L, Jandus C, Andrejevic-Blant S, Speiser DE, Monnier P, Romero P,
et al. Prognostic value of arginase-II expression and regulatory T-cell infiltration in
head and neck squamous cell carcinoma. Int J Cancer (2013) 132:E85–93.
doi: 10.1002/ijc.27728

47. Solanki AA, Liauw SL. Tobacco use and external beam radiation therapy for
prostate cancer: Influence on biochemical control and late cytotoxicity. Cancer
(2013) 119:2807–14. doi: 10.1002/cncr.28128

48. Parsons A, Daley A, Begh R, Aveyard P. Influence of smoking cessation after
diagnosis of early stage lung cancer on prognosis: systematic review of
observational studies with meta-analysis. BMJ (2010) 340:b5569. doi: 10.1136/
bmj.b5569
frontiersin.org

https://doi.org/10.1016/j.immuni.2020.01.002
https://doi.org/10.1038/s41568-020-0283-9
https://doi.org/10.1038/s41568-020-0283-9
https://doi.org/10.1038/s41568-020-0281-y
https://doi.org/10.1016/j.oraloncology.2020.105038
https://doi.org/10.1007/s13277-015-4224-2
https://doi.org/10.1007/s13277-015-4224-2
https://doi.org/10.1002/cam4.1889
https://doi.org/10.1002/hed.24406
https://doi.org/10.1002/hed.24406
https://doi.org/10.3390/cancers13040781
https://doi.org/10.1093/intimm/dxw025
https://doi.org/10.1158/2159-8290.CD-19-0958
https://doi.org/10.1158/2159-8290.CD-19-0958
https://doi.org/10.1002/ijc.27728
https://doi.org/10.1002/cncr.28128
https://doi.org/10.1136/bmj.b5569
https://doi.org/10.1136/bmj.b5569
https://doi.org/10.3389/fonc.2022.1068979
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Defining biomarkers in oral cancer according to smoking and drinking status
	1 Introduction
	2 Materials and methods
	2.1 Patients and healthy donors
	2.2 Samples from patients and healthy donors
	2.3 HPV analysis in tumor samples
	2.4 Cell isolation and multiparameter flow cytometry analysis
	2.5 Detection of IL-17 in peripheral blood T lymphocytes
	2.6 Measurement of cytokines in tumor supernatants and sera from OSCC patients
	2.7 Statistical analysis/data analysis

	3 Results
	3.1 Clinical characteristics of NSND and SD OSCC patients are different
	3.2 Tumor microenvironment and blood from NSND and SD patients exhibit different immune composition
	3.3 Tumor-infiltrating CD45RO+CCR6+CD4+ cells and Treg cells and blood CD45RO+CCR6+CD4+ cells and granulocytes are associated with the survival of SD patients but not of NSND patients

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


