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Abstract
Background The role of tumor-infiltrating lymphocytes (TILs) in the immune remodeling of tumor microenvironments 
(TME) in oral squamous cell carcinoma (OSCC) remains controversial. In this study, we pursued a comprehensive charac-
terization of the repertoire of TILs and then analyzed its clinical significance and potential prognostic value.
Methods Fresh tumor tissue samples and peripheral blood from 83 OSCC patients were collected to comprehensively 
characterize the phenotypes and frequencies of TILs by flow cytometry. Archived paraffin-embedded tissues derived from 
159 OSCC patients were analyzed by immunohistochemistry to further assess the TIL repertoire. The clinical significance 
of TILs and their potential prognostic value were further analyzed.
Results A series of unique features of TILs were observed. IL-17 was highly expressed in betel nut chewers, and CD20 was 
abundantly expressed in patients who did not drink alcohol; high expression of CD138, PD-L1, and Foxp3 was associated 
with poor prognosis. The Th17/Treg ratio was an independent prognostic factor for patient survival with greater predictive 
accuracy for overall survival.
Conclusions Our results suggest an antigen-driven immune response; however, the immune dysfunction within the micro-
environment in OSCC and the Th17/Treg balance may play important roles in the modulation of antitumor immunity.

Keywords Tumor-infiltrating lymphocytes · Immune microenvironment · Oral squamous cell carcinoma · Clinical 
significance · Prognosis

Abbreviations
AUC   Area under curve
Bregs  Regulatory B cells
CI  Confidence interval
HNSCC  Head and neck squamous cell carcinoma
HPFs  High-power fields.
HRs  Hazard ratios
OSCC  Oral squamous cell carcinoma

ROC  Receiver operating characteristic
Tc17  T cytotoxic 17
TCR-Vβ  T-cell receptor β chain variable region
Th17  T helper 17
Tim-3  T-cell immunoglobulin and mucin-domain 
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Introduction

Oral squamous cell carcinoma (OSCC) is the sixth most 
common cancer worldwide [1]. An estimated 300,400 
patients were diagnosed and 145,400 patients died from the 
disease in 2012 worldwide [1, 2]. Smoking, alcohol drink-
ing, betel nut chewing, and human papillomavirus infection 
are major risk factors for OSCC [3–5]. Despite the improve-
ment of therapy, the 5-year survival rate of patients with 
OSCC has remained below 50% over the past three decades 
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[6, 7]. Led by immune checkpoint blockade (ICB) and chi-
meric antigen receptor (CAR) T-cell therapies, immunother-
apy may emerge as a promising option. However, the tumor 
responses to those immune therapies are not exactly the 
same and even fail to some tumors, especially solid tumors 
[8, 9]. Unlike hematological malignancies, solid tumors have 
more complicated microenvironments that may play intri-
cate roles in the host immune response [10]. Therefore, an 
improved understanding of the interaction between tumor 
microenvironments (TME) and host immune systems is 
needed to optimize the efficacy of current approaches and 
to develop new strategies for OSCC.

Tumor-infiltrating lymphocytes (TILs) are important 
features of many solid tumors, and this phenomenon is sug-
gested to be a manifestation of an immune response between 
tumor cells and immune effector cells [11]. Substantial evi-
dence supports a link between the presence of TILs and the 
survival of cancer patients. A previous study suggested that 
high CD8+ T-cell expression among TILs was an independ-
ent factor for favorable survival in head and neck squamous 
cell carcinoma (HNSCC) [12]. High levels of CD4+ TILs 
combined with low levels of CD8+ TILs were associated 
with unfavorable prognosis in glioma [13]. The expression 
of regulatory T cells was not a predictor of patient survival 
in esophageal squamous cell carcinoma [14].

Although several previous studies have described the 
obvious infiltrating lymphocytes in OSCC, their role in 
immune remodeling of the TME remains controversial. 
However, they are key for understanding the immune 
responses within the TME and further facilitate treatment 
stratification in OSCC. In this study, we pursued a com-
prehensive characterization of the repertoire of TILs and 
correlated TILs with patient outcomes to elucidate their 
potential prognostic value in OSCC. We found a series of 
unique features of TILs in OSCC, demonstrating not only 
the antigen-driven immune response, but also immune dys-
function within the microenvironment. The clinical signifi-
cance of TILs was also clarified, revealing that the ratio of 
T helper 17 (Th17) cells to regulatory T cell (Treg) was a 
significant independent prognostic factor for OSCC.

Materials and methods

Patients and specimens

Fresh tumor tissue samples and peripheral blood from 83 
OSCC patients were collected for flow cytometric analy-
sis to comprehensively characterize the phenotypes and 
frequencies of TILs. Archived paraffin-embedded tissues 
derived from 159 OSCC patients were analyzed by immu-
nohistochemistry (IHC) to determine the TIL repertoire 
and the clinical significance and potential prognostic value 

of TILs. The patients had no other cancers or diseases, 
including acute infection or diabetes, and they had not 
received previous radiotherapy or chemotherapy at the 
time of the study. The tumor histological grade was deter-
mined according to the World Health Organization clas-
sification [15]. The clinical staging was assessed according 
to the eighth edition of the American Joint Committee 
on Cancer (AJCC) Staging Manual [16]. The patients in 
the IHC cohort underwent physical examinations or phone 
interviews once every 3 months until death or the deadline 
of the study. The mean follow-up time was 48 months. All 
patients were from the two hospitals (Xiangya Stomato-
logical Hospital and Hunan Cancer Hospital). The demo-
graphic information of two cohorts is summarized in Sup-
plemental Tables 1 and 2.

Flow cytometry

Peripheral blood of OSCC patients was collected in 
EDTA-K2 tubes before surgery and processed immedi-
ately. Peripheral blood mononuclear cells (PBMCs) were 
isolated by using a Ficoll–Hypaque gradient (10771, 
Sigma, St. Louis, USA). Tumor tissues were obtained dur-
ing surgery. TILs were obtained by Percoll discontinuous 
density gradient centrifugation after enzymatic digestion 
and mechanical dissociation with mesh cell strainers. 
Flow cytometric analysis was performed with the follow-
ing fluorescence-tagged anti-human surface Abs accord-
ing to the manufacturer’s protocol: anti-CD3-PerCP-
Cy5.5 (Clone UCHT1, BD Pharmingen, Franklin Lakes, 
USA), anti-CD4-V450 (Clone RPA-T4, BD Pharmingen), 
anti-CD8-BV786 (Clone RPA-T8, BD Pharmingen), anti-
CD45RA-FITC (Clone HI100, BD Pharmingen), anti-
CD45RO-PE-Cy7 (Clone UCHL1, BD Pharmingen), anti-
Tim-3-PE (Clone F38–2E2, BioLegend, San Diego, USA), 
anti-PD-1-APC (Clone MIH4, BD Pharmingen), CD25 
(Clone M-A251, BD Pharmingen), anti-IL-17A-PerCP-
CY5.5 (Clone N49-653, BD Pharmingen), anti-Foxp3-
PE (Clone259D/C7, BD Pharmingen), IOTest Beta Mark 
TCR-Vβ Repertoire kit (PN IM3497, Beckman Coulter, 
Marseille, France), anti-CD45-APC-H7 (Clone 2D1, BD 
Pharmingen), anti-CD19-PerCp-Cy5.5 (Clone HIB19, BD 
Pharmingen), anti-CD38-BV421(Clone HIT2, BD Hori-
zon), anti-CD27-FITC (Clone m-t271, BD Pharmingen), 
anti-CD138-PE (Clone MI15, BD Pharmingen), anti-
IL10-APC(Clone JES3-19F1, BD Pharmingen), anti-IL4-
PE (Clone 8D4-8, BioLegend), anti-INF-γ-FITC (Clone 
25723.11, BD Pharmingen), and cell activation cocktail 
(BioLegend). All flow cytometric analyses were performed 
on a BD AriaIII instrument (BD Biosciences), and all data 
analysis was performed using FlowJo v10.0.7 software.
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Immunohistochemistry

Paraffin-embedded specimens were cut into 4-mm sec-
tions. The slides were stained with the following antibod-
ies: CD4 (Clone 4B12, DAKO, Denmark) at 1:50, CD8 
(Clone 144B,DAKO) at 1:100, CD20 (Clone L26, DAKO) at 
1:250, CD138 (Clone MI15, DAKO) at 1:100, PD-1 (Clone 
NAT105, Abcam, Cambridge, USA) at 1:100, PD-L1 (Clone 
E1L3N, CST, Danvers, USA) at 1:200, IL-0.17(ab9565, 
Abcam) at 1:100, and Foxp3 (Clone 236A/E7, Abcam) at 
1:50. For each slide, five representative fields were selected 
for initial screening under a Leica light microscope at low 
power (100 ×). Then, we counted the numbers of each type 
of immune cell at high power (400 ×). The final density 
of each section was calculated as the average number of 
five high-power fields (HPFs). The location of TILs was 
defined as tumor stroma between tumor nests. All specimens 
were evaluated by two investigators blinded to the clinical 
information.

Statistical analysis

The Mann–Whitney U test or Student’s t test was used to 
compare the expression differences of PBMCs and TILs in 
OSCCs. The χ2 test was used to analyze the associations 
between immune cells and clinicopathological parameters. 
The Kaplan–Meier method was used to estimate overall sur-
vival (OS), and survival differences were analyzed by the 
log-rank test. Univariate and multivariate COX proportional 
hazard models were used to assess the hazard ratios (HRs) 
with a confidence interval (CI) of 95% for OS. Receiver 
operating characteristic (ROC) and area under curve (AUC) 
analyses were used to estimate the predictive value of 
immune cells in the survival of OSCC. p < 0.05 was consid-
ered statistically significant. All analyses were conducted 
with SPSS 16.0 and GraphPad Prism 7 software.

Results

Skewing towards memory phenotypes 
and enrichment of exhausted phenotype 
in the TIL‑Ts of OSCC

Flow cytometric analysis was performed to globally char-
acterize the phenotypes and frequencies of TILs and their 
matched PBMCs. First, the distribution of helper (CD4+) 
and cytotoxic (CD8+) T cells within the T-cell popula-
tion was investigated in TILs and matched PBMCs. Sec-
ond, naïve and antigen-experienced subpopulations were 
determined based on the surface markers CD45RA and 
CD45RO. Our results showed increased CD8+ T cells 
and decreased CD4+ T cells in TILs (Student’s t test, 

Fig. 1a); that is, the CD4/CD8 ratio in TILs was reversed 
compared to that in PBMCs (Student’s t test, Fig.  1b). 
Among CD4+ and CD8+ T-cell populations, we found a 
significantly higher frequency of the memory/effector phe-
notype (CD45RA-CD45RO+) than the naïve phenotype 
(CD45RA+ CD45RO−) in TILs compared to matched 
PBMCs (Student’s t test, Fig. 1c, d). The molecules pro-
grammed death-1 (PD-1), and T-cell immunoglobulin and 
mucin-domain containing-3 (Tim-3) were used to evaluate 
the functional state of T cells. We found increased expression 
of PD-1 + and Tim-3 + T cells in both CD4+ and CD8+ T 
cells compared with the matched PBMCs (Mann–Whitney U 
test, Fig. 1e, f), indicating enrichment of exhausted T cells in 
tumors. Additionally, when examining these exhausted phe-
notypes within memory/effector T cells, CD4+ and CD8+ T 
cells still had a significantly increased expression of PD-1 
and Tim-3 in tumors (Mann–Whitney U test, Fig. 1g, h).

Th17, Tc17, and Tregs are highly expressed in TIL‑Ts 
of OSCC

To analyze the differentiation of the TIL T-cell popula-
tion, we further investigated the expression of Th17 and 
Tregs in TILs. The numbers of Th17 (CD4+ IL17A+) 
and CD4+ Tregs (CD4+ CD25+ Foxp3+) in tumors were 
significantly greater than in circulating peripheral blood. 
Next, IL17A+ and CD25+ Foxp3+ T cells were also exam-
ined within CD8+ T cells, known as T cytotoxic 17 (Tc17) 
and CD8+ Tregs. We found that the numbers of Tc17 and 
CD8+ Tregs were also greater in tumors than in PBMCs. 
However, the ratios of Th17/Tregs in total CD4+ T lym-
phocytes showed no significant differences in tumors and 
PBMCs (Mann–Whitney U test, Fig. 1i).

An additional experiment in a small cohort (six patients) 
was performed to further investigate the expression of Th17 
subtypes within the tumor microenvironment. IFN-γ and IL4 
were used to determine the expression of the Th17/Th1 pop-
ulation (CD4+ IL17A+ IFN-γ+) and the Th17/Th2 popula-
tion (CD4+ IL17A+ IL4+), respectively, by flow cytometry. 
The results revealed that the expression of Th17/Th1 was 
relatively higher than Th17/Th2 in tumors; however, in cir-
culating peripheral blood, the expression of Th17/Th1 was 
significantly higher than Th17/Th2 (Student’s t test, Fig. 1j).

Skewed T‑cell receptor β‑chain variable region 
(TCR‑Vβ) repertoire among T cells in TILs compared 
to PBMCs

To assess the clonal expansion of T cells in tumors, we 
explored the TCR repertoire by TCR-Vβ usage. CD4+ and 
CD8+ T cells were examined separately. In agreement 
with other studies, the repertoire of T cell varied substan-
tially among individual patients. Therefore, we focused 
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on the comparison of the TCR repertoire between TILs 
and matched PBMCs from the same patient. TCR-Vβ rep-
ertoires in tumor tissues were quite distinct from those 
of matched blood in OSCC patients. In CD4+ T cell 
subpopulations, the TCR Vβ repertoire in tumor tissues 
was significantly different from that in peripheral blood, 
with an increased frequency of Vβ7.1, Vβ12, and Vβ11 
usage and a decreased frequency of Vβ9 and Vβ5.1 usage 
(Mann–Whitney U test, Fig. 1l). In CD8+ T cells, overex-
pression of Vβ12, Vβ23 and Vβ22, and reduced expres-
sion of Vβ16 were observed in tumor tissues compared 
to peripheral blood (Mann–Whitney U test, Fig.  1m). 

Collectively, the skewed TCR-Vβ repertoire above indi-
cated that T cells clonally expanded in tumors.

Accumulation of antigen‑experienced 
and regulatory phenotypes of TIL‑Bs within OSCC

TIL-Bs are the other significant component of lymphocyte 
infiltrates in tumors; therefore, we analyzed the features of B 
cells that were infiltrating tumors by flow cytometry. B cells 
were identified based on the surface expression of CD45 and 
CD19. Then, CD27, CD38, CD138, and IL-10 were used 
to distinguish antigen-experienced B cells, plasmablasts, 
plasma cells and regulatory B cells (Bregs), respectively. 

Fig. 1  Flow cytometric analysis for the phenotypes and TCR-Vβ 
of TILs and matched PBMCs. a Helper (CD4+) and cytotoxic 
(CD8+) T-cell subsets in TILs and matched PBMCs; b CD4+ /
CD8+ T-cell ratio; c, d naïve (CD45RA+ CD45RO−) and antigen-
experienced (CD45RA− CD45RO+) population within CD4+ /
CD8+ T-cell subsets; e–h T cells displaying exhausted phenotypes 
(PD-1+ and Tim-3+) within CD4 + /CD8 + subsets and antigen-
experienced T cells (CD45RA-CD45RO+); i Th17 (CD4+ IL-
17A+), Tc17 (CD8+ IL17A+), CD4+ Tregs (CD4+ CD25+ Foxp3+), 

CD8+ Tregs (CD8+ CD25+ Foxp3+), and Th17/Treg ratio in 
CD4+ T cell; j Th17/Th1(IL-17A+ IFN-γ+) and Th17/Th2 popula-
tion (IL17A+ IL4+) within CD4 + T cell; k antigen-experienced B 
cells (CD19+ CD27+), plasma cells (CD19+ CD138+), regulatory 
B cell (CD19+ IL-10+), and plasmablasts (CD19+ CD38+); l, m 
TCR-Vβ repertoire in CD4+ /CD8+ T cells. All error bars indicate 
SEM. 0.01 ≤ *p < 0.05, 0.001 ≤ **p < 0.01, ***p < 0.001. p < 0.05 was 
considered significant; NS not significant
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Our results indicated that antigen-experienced B cells and 
Bregs were significantly enriched in tumors; plasmablast and 
plasma cell numbers were slightly greater in TILs than in 
corresponding PBMCs (Student’s t test; Fig. 1k).

Immunohistochemistry of TILs within the OSCC 
microenvironment

As TILs were detected in tumors by flow cytometry, we 
further assessed the distribution and extent of lymphocytes 
within tumor microenvironments by IHC. The clinical 
characterization of TILs was analyzed. We found consider-
able lymphocyte infiltrates within the microenvironment of 
OSCC. The majority of immune cells were distributed sur-
rounding the tumor islands as compact clusters, and some 
were distributed sparsely or infiltrated the tumor islands. 
The mean numbers of CD4+, CD8+, CD20+, CD138+, 
PD-1, programmed death ligand 1 (PD-L1), IL-17+ and 

Foxp3+ were 43,49.5, 39.1,9.2, 9.4, 20, 18.4 and 11 per 
HPF, respectively (Fig. 3a). These were used as cutoff val-
ues to define the high infiltration group and the low infiltra-
tion group (Fig. 2a–p). T cells were found in significantly 
greater numbers than B cells in tumor microenvironment 
(Student’s t test; Fig. 3b). Among T cells, the number of 
cells in CD8+ subpopulation was slightly greater than those 
in CD4+ T cell subpopulations, but the difference was not 
significant (Student’s t test; Fig. 3a).

Clinical characterization of TILs by IHC

We explored the clinical association between the various 
subpopulations of lymphocyte infiltrates and tumor clinical 
characteristics, including age, sex, smoking status, drinking 
status, betel nut consumption, tumor size, lymph node metas-
tasis, histological grade, and TNM stage. IL-17 was more 
highly expressed in betel nut chewers than in nonbetel nut 

Fig. 2  IHC analysis of immune cell distribution within the microen-
vironment of OSCC. Considerable infiltration of lymphocytes within 
the microenvironment of OSCC. The majority of lymphocytes were 
distributed surrounding the tumor islands as compact clusters. Some 
were distributed sparsely or infiltrated into tumor islands. a, b Repre-

sentative images of IHC for high and low CD4 expression; c, d CD8 
expression; e, f CD20 expression; g, h PD-L1expression; i, j CD138 
expression; k, l IL-17 expression; m, n Foxp3 expression; and o, p 
PD-1 expression; a, c, e, g, i, k, m, o high expression; b, d, f, h, j, l, 
n, p low expression; bars: 100 μm
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chewers (Chi-square test, Fig. 3c); CD20 was more abundantly 
expressed in non-alcoholic patients than in alcoholic patients 
(Chi-square test, Fig. 3d). In addition, the expression of IL-17 
was significantly higher in small tumors (T1 and T2) than in 
large tumors (T3 and T4) (Chi-square test, Fig. 3e). By con-
trast, the number of PD-L1 + and CD138 + TILs was higher 
in large tumors than in small tumors (Chi-square test, Fig. 3f, 
i); higher expression levels of Foxp3+ and CD138+ TIL were 
positively associated with poor prognosis (Chi-square test, 
Fig. 3g, h). CD4+ , CD8+ , and PD-1 expression status of TILs 
and age, sex, smoking/drinking/betel nut consumption his-
tory, tumor size, lymph node metastasis, histological grade or 
TNM stage had no significant relationships. The relationships 
between the clinicopathological parameters of OSCC and the 
densities of TILs are summarized in Supplemental Table 3.

A high Th17/Treg ratio was associated with a good 
prognosis and had a greater predictive accuracy 
of OS

OS was defined as the interval between the date of diagno-
sis and the date of death or the end of study. The OS rates 
were significantly higher in patients with high Th17/Treg 
ratios than in those with low ratios (p = 0.009, Fig. 4a). To 
determine the independent predictive value of immune cell 
infiltration in OSCC, we designed Cox proportional hazard 
models. In the univariate Cox regression model, we found 
that the following factors had significant positive influences 
(p < 0.05) on OS: early TNM stages, nonlymphatic metasta-
sis and higher IL17/Foxp3 ratio. However, age, sex, smok-
ing, drinking, betel nut chewing, histological grade, tumor 

Fig. 3  Correlation between TIL infiltration status and clinicopatho-
logic features. a Mean counts of tumor-infiltrating lymphocytes. The 
CD8+ subpopulation was larger than the CD4+ subpopulation within 
infiltrated T cells, but the difference was not significant (Student’s 
t test). b The infiltrates of T cells were significantly more abundant 
than those of B cells in tumors (Student’s t test). c IL-17 was highly 
expressed in betel nut chewers. d CD20 was abundantly expressed in 
non-alcoholic patients. e IL-17 expression was significantly higher 

in smaller tumors (T1 + T2). f PD-L1 expression was significantly 
higher in lager tumors (T3 + T4). g High expression of Foxp3 + was 
positively associated with clinical stage. h High expression of CD138 
was positively associated with clinical stage. i CD138 expression was 
significantly higher in larger tumors (T3 + T4). All error bars indicate 
SEM. 0.01 ≤ *p < 0.05, 0.001 ≤ **p < 0.01, ***p < 0.001. p < 0.05 as 
measured by the Chi-square test was considered significant
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size, presence of CD4+, CD8+, IL-17+, Foxp3+, CD20+, 
CD138+, PD-1 and PD-L1 had no significant influence on 
OS (Supplemental Information Table 4). Multivariate Cox 
regression analysis showed that lymph node metastasis (HR 
4.168, p = 0.005), Th17/Treg (HR 0.217, p = 0.002) and 
CD20 (HR 0.236, p = 0.035) considered independent predic-
tors of prognosis for OSCC (Table 1). However, histological 
grade, tumor size, presence of CD8+, CD138+, and CD4/
CD8 ratio were not considered independent predictors of 
prognosis for OSCC. To determine the predictive accuracy 
of immune cells on OS, we performed ROC curve analyses. 
As shown in Fig. 4D and Table 2, Foxp-3/IL-17 was superior 
to other immune cells in terms of determining patient prog-
nosis (AUC = 0.829, 95% CI 0.719–0.939). These results 
suggest that a high Th17/Treg ratio is a useful marker for 
predicting better prognosis for OSCC.

Discussion

The presence of TILs is thought to reflect the host immune 
response to tumor cells and to be a valuable predictor of 
patient prognosis [17]. Early observations found that tumor 
cells express unique antigens that can be specifically rec-
ognized by T and B cells and provoke tumor-specific adap-
tive immunity [18, 19]. Nevertheless, the host immune sys-
tem fails to control tumor growth, and tumors even exhibit 
immune privilege, possibly due to immune suppression by 
the TME [20]. The interaction of infiltrating lymphocytes 
with tumor cells may play important roles in shaping the 
immune microenvironment [21]. Although previous studies 
have shown that lymphocyte infiltration is present in OSCC 
and may correlate with clinical features, their role in the 
tumor immune suppression mediated by the TME remains 
to be thoroughly determined. Therefore, it is urgent to pursue 
a comprehensive characterization of the TIL repertoire, and 
then to elucidate its effect on clinical outcome and potential 
prognostic value in OSCC.

Fig. 4  Prognostic significance of tumor-infiltrating immune cells in 
OSCC. a–c Kaplan–Meier analyses of the prognostic values of IL-17/
Foxp3 status, lymph node metastasis status, and clinical stage. d ROC 

curves indicated the predictive accuracy, sensitivity, and specificity of 
each potential parameter
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TILs consisted of more T cells than B cells, and CD8+ T 
cells outnumbered CD4+ T cells in the TME of OSCC, 
which means the ratio of CD4+ /CD8+ T cells is reversed 
in the TME compared with the matched peripheral blood. 
Regarding the effector functions of T cells, our data clearly 
demonstrate that, from peripheral blood to tumor, the T-cell 
population of both CD4+ and CD8+ subsets skewed from 
naïve toward effector/memory. As expected, TCR-Vβ rep-
ertoires in the TME that presented a clonal expansion of T 
cells within tumor tissues were quite distinct from those of 

matched blood; together these findings, suggest a specific 
immune response driven by local neoantigens in the TME.

Although memory/effector T cells were enhanced in TIL-
Ts, many displayed a phenotype associated with exhaustion 
(PD-1+, Tim-3+) in tumor tissues, suggesting the inability 
to mount on effective immune response. The cause for this 
finding could be that the tumor microenvironment may pro-
mote exhaustion due to persistent antigen and/or inflamma-
tory signals. Previous studies reported if T cells are exposed 
to a persisting antigen for 2–4 weeks, T-cell exhaustion is 
established [22, 23]. Furthermore, the enrichment of Tregs 
expressing a negative regulatory marker (Foxp3), which is 
capable of suppressing the immune response, was displayed 
in both CD4+ and CD8+ T cells. While T cells were found 
with antigen-experienced memory/effector phenotypes, the 
enrichment of exhausted phenotypes and Tregs impaired 
their antitumor immunity [24]. These findings implied a 
dysfunction of T cells in the TME, conferring only weak or 
temporary immune pressure on tumor cells; therefore, this 
immune response was ultimately ineffective.

Inflammatory responses play a very important role in 
tumor progression [25]. Therefore, we further examined 
the IL-17+ and Foxp3+ TILs that play opposite roles dur-
ing inflammation and immune responses [26]. Our results 
showed a significantly higher proportion of both Th17 and 
Tregs in tumor tissues compared to matched peripheral 
blood, suggesting that the TME itself nourished these cells. 
Furthermore, Tc17 cells, another type of IL17A-producing 
cell, were also enriched in tumor tissues. Subsequently, 
the CD8+ CD25+ Foxp3+ subset of Tregs was found to be 
more prevalent in the TME than in peripheral blood. In our 
study, both the TME and peripheral blood showed a skewed 
balance toward Tregs, but no significant differences in the 
ratio of Th17 /Treg between TILs and PBMCs. These results 
imply immune dysfunction in OSCC patients.

B cells are also significant components of lymphocytic 
infiltrates in a number of solid tumors. In our study, antigen-
experienced B cells were in significantly greater numbers in 
TME than matched PBMC, indicating that specific antigens 
drive the humoral response in tumors. The term Breg was 
used for the first time by Mizoguchi and Bhan to designate 
a subset of B cells with inhibitory properties [27]. Most of 
the work on Bregs has been focused on IL-10-producing B 
cells [28, 29], consistent with the findings of our study. Our 
results revealed Bregs accumulated in the TME; together 
with T-cell dysfunction, Bregs may contribute to immuno-
suppression in the TME.

To investigate the role of TILs in tumor biological behav-
ior, a cohort of archived paraffin-embedded tissues from 
159 cases of OSCC were analyzed by IHC, focusing on the 
prognostic value of TILs. The number of CD4+ T cells and 
CD8+ T cells was not associated with any clinical factors or 
overall survival in our study. CD8+ T cells exhibit cytotoxic 

Table 1  Prognostic value of TILs analyzed by a multivariate Cox 
regression model

p values showing statistically significance were indicated in bold

SE p HR/RR 95% CI

Tumor size T1 + T2 0.521 0.160 0.482 0.174–1.336
T3 + T4

N classification N0 0.517 0.005 4.168 1.550–11.781
N1

Pathological 
types

Type I 0.911 0.116 0.238 0.040–1.422

Type II–III
CD8 Lo 0.638 0.228 2.156 0.618–7.521

Hi
CD4/CD8 Lo 0.492 0.421 0.673 0.257–1.765

Hi
IL17/FOXP3 Lo 0.492 0.002 0.217 0.083–0.569

Hi
CD138 Lo 0.536 0.242 1.872 0.655–5.354

HI
CD20 Lo 0.685 0.035 0.236 0.062–0.906

Hi

Table 2  Summary of the OS predictive accuracy of immune cells

p values showing statistically significance were indicated in bold
SE standard error, 95% CI 95% confidence interval

Predictive factors AUC SE p 95% CI

IL17 0.216 0.066 0.000 0.087 0.344
FOXP3 0.666 0.073 0.040 0.522 0.810
CD4 0.447 0.081 0.510 0.289 0.605
CD8 0.509 0.080 0.910 0.352 0.666
PD-1 0.457 0.078 0.591 0.304 0.609
PD-L1 0.473 0.083 0.742 0.311 0.636
CD20 0.518 0.080 0.822 0.362 0.675
CD138 0.425 0.081 0.354 0.267 0.584
FOXP3/IL17 0.829 0.056 0.000 0.719 0.939
CD4/CD8 0.419 0.083 0.315 0.256 0.582
T/B 0.454 0.079 0.568 0.299 0.608
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capacities by releasing perforins and granzymes, thereby 
playing a role in antitumor immunity. Previous studies have 
reported that CD8+ TILs have favorable effects on the sur-
vival of patients with several tumor types [30, 31] including 
head and neck cancer [32–34]. In agreement with our find-
ing, the numbers of CD4 or CD8 T cells were not associated 
with overall survival in a small cohort of patients with oral 
cavity carcinoma [35] or non-small cell lung cancer [36].
The different histological types and clinical stages of the 
studied population, the diverse scoring systems used to cal-
culate TIL expression, and the different techniques of tissue 
analysis and lymphocyte characterization, could result in the 
discrepancies of the results of these studies [37]. The role of 
CD4+ T cells in tumors remains controversial. The paradoxi-
cal dualism of CD4+ T cells obligates further differentiation 
of this subtype into helper and regulatory CD4+ T cells. On 
the one hand, CD4+ helper T cells perform critical roles in 
the recruitment, activation and regulation of many facets 
of the adaptive immune response [38]. On the other hand, 
CD4+ Tregs can dampen antitumor immunity and promote 
tumor progression [39]. In the present study, the number of 
CD4+ TILs had no significant prognostic value, possibly due 
to the complexity of its components.

In this study, we found that the expression of IL17+ T 
cells was inversely correlated with tumor size and that 
the expression of Foxp3+ TILs positively correlated with 
TNM stage. These results provide comprehensive informa-
tion regarding the impact of Th17⁄Treg balance on tumor 
progression in OSCC. Th17 and Tregs accumulated in the 
tumor microenvironment at early stages of the disease; when 
tumor cells develop and progress, Th17 infiltrates gradually 
decrease and Treg infiltrates increase in number as disease 
progresses. This observation was confirmed by both flow 
cytometric analysis and IHC staining in our study. IL-17+ T 
cells were not associated with OS in our study and were not 
independent prognostic factors for OS. The role of Th17 
cells in cancer is still highly controversial. Several lines of 
evidence suggest that Th17 cells promote a protective antitu-
mor immune response; they mediate their antitumor activity 
indirectly by facilitating the recruitment of other effector 
immune cells linking effector T cells\NK cells\dendritic cells 
and cytotoxic effector cells [40, 41]. The presence of IL-17 
positive cells has been positively associated with patient sur-
vival in ovarian [42] and prostate cancer [43]. In contrast, 
Th17 cells show their pro-tumor functions by increasing 
tumor cell growth, proliferation, and metastasis [44]. The 
presence of IL-17 positive cells has been reported to be asso-
ciate with poor survival in HNSCC [45]. A plausible reason 
for these contradictory results may be the high plasticity of 
Th17 cells. A previous study showed that Th17 cells can 
convert into Th1, Treg, type-1 regulatory T (TR1), Th2, or 
T follicular helper (TFH) cells, which provides them with 
various and contrary activities and therefore permits them to 

induce qualitatively discrete responses according to various 
microenvironments [46]. We found that IL17A /IFNγ and 
IL17A/ IL4 double-producing CD4+ T cell (Th17/Th1 and 
Th17/Th2) existed in OSCC. Th17/Th1 was relatively higher 
than Th17/Th2 in the TME, so Th17 cells induce more Th1-
type chemokines, and in turn recruit more Th1-type effector 
T cells into the tumor microenvironment which can facilitate 
the antitumor effect of Th17 cells. However, compared with 
circulating peripheral blood, Th17/Th2 was increased and 
Th17/Th1 was decreased in the TME because of the immune 
dysregulation in the microenvironment.

Tregs inhibit antitumor immunity and mediate immune 
tolerance, favoring tumor growth, and, therefore, might serve 
as markers of poor prognosis [47]. Increased Treg infiltra-
tion in the TME has been associated with worse clinical 
outcomes in many cancers. Foxp3+ TILs were not associated 
with OS in our study, suggesting that it was not an independ-
ent prognostic factor for overall survival. The small cohort 
of patients and the relatively short follow-up period in our 
study might account for this phenomenon. However, when 
we further evaluated the IL-17/Foxp3 ratio relative to clini-
cal factors, we found that the ratio of IL-17/Foxp3 TIL was 
positively associated with OS and that a high IL-17/Foxp3 
ratios was an independent prognostic factor for OS. Moreo-
ver, IL-17/Foxp3 ratios were superior to measurements of 
other immune cells for determining prognosis.

TIL-Bs play critical roles in the humoral immune sys-
tem by producing antibodies, priming T cells as antigen-
presenting cells (APCs), and secreting cytokines [48]. In the 
present study, multivariate Cox regression analysis showed 
that CD20 levels were positively associated with long OS, 
in line with previous reports on OSCC and several other 
cancers including non-small cell lung cancer, hepatocellu-
lar carcinoma, colorectal cancer, and breast cancer [49–53]. 
These studies all emphasized that the presence of greater 
numbers of CD20+ B cells in TME was correlated with 
favorable prognosis and survival rates. The expression of 
immune cell-specific CD138 infiltrate was positively cor-
related with tumor size and TNM stage in our results. We 
did not find any independent prognostic impact of immune 
cell-specific CD138 expression in the Kaplan–Meier method 
or the univariate and multivariate Cox proportional haz-
ard models. In their study, Berntsson et al. also found that 
immune cell-specific CD138 expression was associated with 
high-grade tumors, but with smaller tumor sizes and good 
patient outcomes in univariable but not multivariate analysis. 
In contrast, tumor cell-specific CD138 expression was an 
independent predictor of poor patient outcome [52] Previ-
ous studies showed that the effects of CD138 expression on 
tumor prognosis could be positive or neutral or negative. A 
plausible explanation for this discrepancy may be the dif-
ferent cancer type and cell-type specific CD138 expression. 
CD138 appeared to be a reliable marker for plasma cells 
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among hematopoietic elements; however, it can also be 
expressed by nonhematopoietic epithelial and stromal cells 
in the TME. Similar to many other studies, we also scored 
immune cell-specific CD138 expression based on cell mor-
phology, but did not indicate the hematopoietic origin of 
the CD138+ cells with a second marker [54]. Therefore, the 
biological functions of CD138 in tumors appear to depend 
on the cellular context and further studies are warranted to 
validate the prognostical significance of cell-type specific 
CD138 expression in OSCC.

The expected clinical prognosticators, including lymph 
node positive/negative and TNM stage, were confirmed in 
our study. It was unexpected to observe an association of 
TILs including IL-17 and CD20 with risk factors such as 
alcohol/betel nut consumption history. However, this was 
a small cohort, and alcohol use and betel nut consumption 
were only characterized by current or past users versus never 
users. Therefore, the association of TILs with risk factors 
should be evaluated in larger cohorts to obtain definitive 
indications for potential therapeutic stratification.

Our results demonstrated a comprehensive scenario for 
lymphocyte infiltrates in OSCC and their relevance to tumor 
biological behaviors. The repertoire of TILs in OSCC was 
found to exhibit a series of unique features, demonstrating 
antigen-driven immune responses, though with an immune 
dysfunction, within the microenvironment. Furthermore, the 
clinical significance of TILs was analyzed, revealing that 
the ratio of Th17/Treg was a significant independent prog-
nostic factor for OSCC and hinting that the balance of Th17 
and Treg may play an important role in the modulation of 
antitumor immunity. In conclusion, these results gave us a 
deeper understanding of immune microenvironments and 
their clinical significance in OSCC that will provide oppor-
tunities to develop new strategies for immunomodulatory 
therapy in the future.
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