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Abstract 

Background Tumor tissues comprise cancer cells and stromal cells, and their interactions form the cancer micro-
environment. Therefore, treatments targeting cells other than cancer cells are also actively being developed, 
and among them, treatment targeting PD-1, an immune checkpoint molecule that is important in tumor immune 
evasion, has also been indicated for head and neck cancer. PD-L1, a ligand of PD-1, is expressed in both tumor cells 
and stromal cells, and the scoring system based on the combined positivity rates of both types of cells, the combined 
positive score (CPS), is used for predicting treatment effect. However, much is unknown regarding the expression 
of PD-L1. In this study, we histopathologically examined factors controlling the expression of PD-1/PD-L1. This study 
included 37 patients who underwent resection surgery for tongue squamous cell carcinoma in the Department 
of Oral and Maxillofacial Surgery at Tokyo Dental College Suidobashi Hospital. The expression levels of PD-L1, α-SMA, 
and p53 were assessed by immunohistochemical staining.

Results Seven participants had CPS ≥ 20, twenty-four participants had 1 ≤ CPS < 20, and six participants had CPS < 1. 
The overall positivity rate of α-SMA, a marker for cancer-associated fibroblasts (CAFs), was 27% (10/37 participants), 
and the positivity rates of α-SMA for the three CPS groups were 85.7% (6/7 participants), 16.7% (4/24 participants), 
and 0% (0/6 participants), respectively. In addition, the overall positivity rate of p53 was 37.8% (14/37 participants), 
and the positivity rates of p53 for the three CPS groups were 71.4% (5/7 participants), 37.5% (9/24 participants), 
and 0% (0/6 participants), respectively.

Conclusions The expression of PD-L1 demonstrated an association with α-SMA and p53 positivity. In addition, com-
pared with the expression of p53, the expression of α-SMA demonstrated a higher association with PD-L1 expression 
in patients with a high CPS. The abovementioned findings suggest that the interactions between CAFs, cancer cells, 
and immunocompetent cells may regulate the expression of PD-L1.
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Background
Tumor tissue is comprised of cancer cells and stromal 
cells, including fibroblasts, vascular endothelial cells, 
and immune cells, shaping the cancer microenviron-
ment. Numerous studies have reported the influence 
of stromal cells on tumor progression [1]. Tumor cells 
also activate stromal cells [2, 3]; and, a large body of evi-
dence exist indicating that cancer cells and stromal cells 
interact forming the cancer microenvironment. Recent 
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therapeutic approaches, particularly targeting T cells, 
such as immune checkpoint inhibition and chimeric anti-
gen receptor (CAR)-T therapy, have emerged.

Programmed cell death protein 1 and programmed cell 
death ligand 1 (PD-1/PD-L1) inhibitors have been devel-
oped as postoperative chemotherapy for various cancer 
types, and numerous clinical trials have shown that they 
have high therapeutic efficacy [4]. PD-1 is expressed on 
cytotoxic T cells, and PD-L1 is widely expressed on can-
cer cells and stromal cells [5]. PD-L1 overexpression in 
cancer cells is considered to bind with PD-1 and induce 
tumor immune evasion via T cell exhaustion. For cases of 
oral cancer, PD-L1 overexpression in cancer cells corre-
lates with cervical lymph node metastasis and poor prog-
nosis [6, 7]. Immune checkpoint therapy targeting PD-1 
is indicated in head and neck cancer, with PD-L1 expres-
sion often utilized for predicting treatment with immune 
checkpoint therapy [6]. Tumor proportion score, which is 
calculated from tumor cell positivity, and combined posi-
tive score (CPS), which evaluates both tumor and stromal 
cells, have been utilized for lung cancer [7]. For head and 
neck cancer, CPS has been employed in clinical trials in 
checkmate-048. Immunotherapy has been reported to 
offer a significantly better prognosis than conventional 
molecular targeted drugs in patients with CPS of 20 or 
higher, suggesting the clinical utility of CPS as a predictor 
of treatment response [8].

However, CPS alone has not been established as a 
marker, and the expression mechanism of PD-L1 remains 
unclear. We hypothesized that the interaction between 
cancer and stromal cells affects PD-L1 expression. In 
this study, we aimed to determine regulatory factors 
involved in PD-L1 expression in patients with oral tongue 
squamous cell carcinoma using immunohistochemical 
staining.

Methods
Subjects
Thirty-seven patients who underwent resection of oral 
squamous cell carcinoma of the tongue at Tokyo Dental 
University Suidobashi Hospital between 2016 and 2020 
were included.

Immunostaining
PD-L1 staining was conducted via PD-L1 immunohis-
tochemistry (IHC) 28–8 pharmDx (SK00521-5  J, Agi-
lent Technologies, Santa Clara, CA). Tissues fixed in 
10% neutral buffered formalin were paraffin-embedded, 
and tissue specimens were subsequently thinly sliced to 
4–5 μm and placed on coated slides. Tissue sections were 
deparaffinized, dehydrated, and antigen-activated via 
the PT Link pretreatment system (Agilent Technologies, 
Santa Clara, CA). The sections were then placed in an 

automated staining machine, Autostainer Link 48 (Agi-
lent Technologies, Santa Clara, CA), and stained auto-
matically using the PD-L1 IHC 28–8 pharmDx protocol. 
Evaluation was conducted by a pathologist and scored 
using the CPS, which was calculated as follows.

CPS = PD-L1 positive cells(tumor cells, lymphocytes, 
macrophage)/viable tumor cells × 100 Since positive cells 
were evaluated in epithelial and stromal cells in Carci-
noma in Situ (CIS) cases, CPS was calculated in the same 
way as for invasive carcinoma.

IHC was performed using anti-p53 antibody (DO-
7, Agilent Technologies, Santa Clara, CA), and anti-
α-smooth muscle actin (SMA) antibody (1A4, Agilent 
Technologies, Santa Clara, CA) as previously described 
[9]. Semiquantification of p53-positive tumor cell and 
α-SMA-positive fibroblasts was performed using the fol-
lowing steps. Five different fields in base membrane (p53) 
and fibroblast-rich stroma (α-SMA) of cancerous region 
were captured on each slide under 400 × magnification 
with a microscope. P53 expression was considered posi-
tive when ≧10% of the tumor cells nuclei by reference to 
previously described [10]. α-SMA expression was con-
sidered 10% of fibroblast-rich stroma area. Fibroblast-
like cells were morphologically distinguished from both 
tumor and stromal cells, such as leukocytes and vascu-
lar endothelial cells. Since α-SMA positive fibroblast-like 
cells and p53-positive cells were also identified in CIS 
and early invasive carcinoma, they were included in the 
study.

Statistical methods
Statistical analysis utilized the × 2 test, with level of statis-
tical significance set to p < 0.05. We divided the T classifi-
cation into T1 or T2 and the N classification into positive 
or negative for statistical analysis. The depth of invasion 
(DOI) was classified based on 4  mm, and the clinical 
inspection was classified endophytic or extrovert, taking 
into account a risk factor for cervical lymph node metas-
tasis. And We All data were processed using the IBM 
SPSS software package ver. 23. (Chicago, IL, USA).

Results
Among the 37 patients included, there were 18 males 
and 19 females, with a median age of 50  years; patient 
information is summarized in Table  1. Patients were 
categorized into three CPS groups and compared based 
on clinical characteristics (Table  2). Comparison of the 
two groups using patient gender and median age as cut-
offs revealed no significant differences in PD-L1 expres-
sion. In T classification, 26 and 11 patients were T1 and 
T2 cases, respectively, indicating a significant difference 
between the three groups (p < 0.01). A significant differ-
ence was also found between the two groups using a DOI 
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of 4  mm as the cutoff for prophylactic neck dissection 
according to National Comprehensive Cancer Network 
guidelines (p < 0.02).

PD-L1 staining results showed the following: CPS ≥ 20 
in 7 patients (18.9%), 1 ≤ CPS < 20 in 24 patients (64.9%), 
and CPS < 1 in 6 patients (16.2%) (Fig. 1).

Immunohistological evaluation p53 mutations, the 
most well-known tumor suppressor gene, revealed 
mutations in 14 cases (37.8%) (Fig. 2a). The mutant p53 

positivity rates for each CPS value were 71.4% (5/7) for 
CPS ≥ 20, 37.5% (8/24) for 1 ≤ CPS < 20, and 0% (0/6) 
for CPS < 1, revealing a significant difference (p < 0.03) 
among the three groups (Fig. 2b).

Evaluation of α-SMA, a marker of carcinoma-asso-
ciated fibroblasts (CAFs), which are myofibroblasts 
constituting the cancer stroma with tumor-promoting 
potential, was positive in 10 cases (27%) (Fig. 3a). The 
positivity rates were 85.7% (6/7), 16.7% (4/24), and 0% 

Table 1 Clinical information of the 37 patients

Patient No Sex Age T classification N classification DOI Clinical inspection CPS p53 α-SMA

1 M 45 T2 N0 8 endophytic 47.5  +  + 

2 F 63 T2 N0 2.8 extrovert 75  +  + 

3 F 42 T2 N0 9 endophytic 65  +  + 

4 M 84 T2 N0 2.2 extrovert 42.5 ー  + 

5 F 41 T1 N0 1 endophytic 23  + ー
6 F 50 T2 N0 5 extrovert 115  +  + 

7 M 30 T2 N0 9 extrovert 23 ー  + 

8 F 54 T1 N0 0.5 extrovert 12.5 ー ー
9 M 60 T2 N0 CIS extrovert 13 ー ー
10 F 49 T1 N0 0.5 extrovert 11 ー ー
11 M 71 T1 N0 1.5 extrovert 8  +  + 

12 F 63 T1 N0 3.5 endophytic 6 ー ー
13 F 47 T1 N0 CIS extrovert 7 ー  + 

14 M 52 T2 N2b 7.3 endophytic 6  +  + 

15 F 79 T1 N0 4 extrovert 6  + ー
16 M 62 T1 N0 0.1 extrovert 8.5 ー  + 

17 F 25 T1 N0 CIS endophytic 4 ー ー
18 M 56 T1 N0 CIS extrovert 3 ー ー
19 M 61 T1 N0 1.5 extrovert 1  + ー
20 F 42 T1 N0 CIS extrovert 1 ー ー
21 F 63 T1 N0 4 extrovert 1  + ー
22 F 36 T1 N0 1 extrovert 3 ー ー
23 M 54 T1 N0 CIS extrovert 7 ー ー
24 M 39 T1 N0 1.5 extrovert 2  + ー
25 M 55 T1 N0 2.3 extrovert 12 ー ー
26 F 65 T1 N0 0.5 extrovert 5  + ー
27 M 27 T2 N0 1.2 extrovert 3  + ー
28 F 41 T1 N0 0.5 extrovert 3 ー ー
29 F 76 T2 N0 0.5 endophytic 1 ー ー
30 F 64 T2 N0 0.5 extrovert 13 ー ー
31 F 65 T1 N0 0.5 extrovert 15 ー ー
32 M 43 T1 N0 0.8 extrovert 0 ー ー
33 M 30 T1 N0 CIS extrovert 0 ー ー
34 M 45 T1 N0 CIS extrovert 0 ー ー
35 M 60 T1 N0 CIS extrovert 0 ー ー
36 F 63 T1 N0 CIS extrovert 0 ー ー
37 M 78 T1 N0 CIS extrovert 0 ー ー
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(0/6), respectively, revealing a significant difference 
(p < 0.01) among the three groups (Fig. 3b).

Discussion
The present study found a correlation between PD-L1 
expression with p53 and a-SMA expression. Further-
more, both p53-positive and a-SMA-positive rates were 
identified to increase with higher CPS.

Higher PD-L1 positivity of lymphocytes in oral squa-
mous cell carcinoma has been associated with poorer 
prognosis [11]. While the PD-L1 positivity rate was 

higher in T2 cases compared to T1 cases in our study, T3 
and higher cases were not examined. The checkmate-048 
study also reported an improvement in 1-year survival 
in patients with CPS ≥ 20 compared to cetuximab ther-
apy [8]. However, in the present study, two patients with 
CPS ≥ 20 revealed recurrence, and subsequent treat-
ment at other hospitals makes it certain whether immune 
checkpoint inhibitors were utilized.

p53 has been shown to play roles in apoptosis, DNA 
repair, and cell cycle regulation in cancer cells [12]. p53 
mutations are found in most cancer types, including oral 

Table 2 Comparison of combined positive score groups for each patient’s clinical information

Variables All Patients, No Patients, No P Value

CPS < 1 1≦CPS < 20 CPS≧20

Sex Male 18 5 10 3 0.17

Female 19 1 14 4

Age 50≦ 22 3 16 3 0.46

 < 50 15 3 8 4

T classification T1 26 6 19 1  < 0.01

T2 11 0 5 6

N classification N(-) 36 6 23 7 0.75

N( +) 1 0 1 0

DOI 4 mm≦ 7 0 3 4  < 0.017

 < 4 mm 30 6 19 3

Clinical inspection Endophytic 7 0 4 3 0.12

Extrovert 30 6 20 4

Fig. 1 Number of patients in each CPS group evaluated via immunohistochemistry. Upper: Representative case of CPS < 1, magnificationX400, 
scale bar 50 μm. Middle: Representative case of 1≦CPS < 20, magnificationX400, scale bar 50 μm. Bottom: Representative case of 20≦CPS, 
magnificationX400, scale bar 50 μm
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squamous cell carcinoma, and have been reported to 
be a poor prognostic factor [13]. Tojyo et  al. previously 
reported a correlation between PD-L1 expression and 
mutant p53 expression in oral squamous cell carcinoma 
[14]. Additionally, PD-L1 is overexpressed in patients 
with malignant transformation of oral leukoplakia [15], 
which is possibly related to p53 mutations. However, it 
remains unclear whether wild-type p53 regulates PD-L1 
expression, and it has been reported that miR-34a sup-
presses PD-L1 expression in breast cancer [16]. With 
these, Tojyo et  al. predicted that wild-type p53 sup-
presses PD-L1 expression; however, mutation abolishes 
this function and upregulates PD-L1 expression, leading 
to a correlation between p53 and PD-L1 expression [14].

CAFs, a main component of tumor stroma, are 
shown to be poor prognostic factors in oral cancer 
[17–19]. These are considered to have various sub-
types; however, one of the representative markers is 
α-SMA, a myofibroblast marker, and α-SMA positive 
CAFs have been reported to have various tumor-pro-
moting properties [20]. CAFs have also been reported 

to be observed in esophageal squamous epithelial 
neoplasia and CIS [21]. Furthermore, growth factors 
derived from CAFs promote proliferative potential 
during the carcinogenic process [22]. In this study, 
only one case of eleven CIS cases showed the pres-
ence of α-SMA-positive fibroblasts. CAFs Although 
PD-L1 expression is induced by CAFs in lung adeno-
carcinoma [23], no reports on PD-L1 expression in 
oral cancer have been conducted to the extent of 
our research efforts. C-X-C motif chemokine ligand 
(CXCL) [2, 5] has been reported to be involved in the 
mechanism by which CAFs regulate PD-L1 expres-
sion [23, 24]. Meanwhile, PD-L1 has been reported to 
transform lung fibroblasts into myofibroblasts [25]. 
These aforementioned findings suggest that CAFs and 
PD-L1 may regulate each other’s expression via cell–
cell interactions. The ratio of CD8-positive T cells 
to CAFs may be useful in predicting prognosis and 
immunotherapy response [26], and further exploration 
of the relationship between CAFs and PD-L1 expres-
sion in oral cancer is necessitated. In contrast, among 

Fig. 2 a Mutant p53 positivity in immunohistochemistry. Upper: Representative case of p53 negative, magnificationX400, scale bar 50 μm. Lower: 
Representative case of p53 positive, magnificationX400, scale bar 50 μm. b Percentage of mutant p53 positive in each CPS group
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α-SMA-positive CAFs, the existence of CAFs involved 
in immunotherapy resistance is becoming clear, but 
with still many unknowns [20].

As mentioned previously, a limitation of this study 
included not examining patients with advanced dis-
ease beyond T3, and stage III and IV patients exhibited 
higher PD-L1 expression than stage I and II patients 
[11]. Only one case of cervical lymph node metasta-
sis out of 37 cases was considered in this study, which 
poses challenges in capturing the characteristics of the 
cases. Additionally, since no cases were identified to 
have actually undergone immune checkpoint therapy, 
reflecting the actual treatment effect was not feasible. 
Hence, further investigation is recommended for stain-
ing patterns in patients with recurrent disease, cervical 
lymph node metastases, and postoperative immuno-
therapy, and increase the number of variations of cases 
to provide more robust evidence for our findings.

Conclusion
The study findings suggest that PD-L1 expression is 
upregulated by cell–cell interaction in p53-positive or 
α-SMA-positive oral squamous cell carcinoma cases.

Abbreviations
PD-1  Programmed cell death protein 1
PD-L1  Programmed cell death ligand 1
CPS  Combined positive score
SMA  Smooth muscle actin
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