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Abstract
Purpose

T-cadherin is an immunoglobulin-like adhesion molecule which acts as a tumor suppressor gene, programmed
cell death ligand 1 (PD-L1) is a cell surface protein that involves in the suppression of the immune system. This
study aimed at exploring the correlation between T-cadherin and PD-L1, as well as their prognostic value in
patients with HPV-negative head and neck squamous cell carcinoma (HNSCC).

Methods

In this study, immunohistochemical staining was used to determine the protein expression of T-cadherin and
PD-L1 in 104 tissue specimens of HPV-negative HNSCC. Spearman linear correlation analysis was used to
determine the association between protein expression of T-cadherin and PD-L1. Kaplan-Meier analysis was
used to plot overall survival (OS) and disease-free survival (DFS) curves. Cox proportional hazards regression
analysis was used to conduct univariate and multivariate analysis.

Results

The results showed a large negative association between protein expression of T-cadherin and PD-L1 (r=-0.775,
P<0.01), expression of T-cadherin and PD-L1 were associated with OS (P=0.021 and 0.034, respectively) and
DFS (P=0.012 and 0.016, respectively) in patients with HPV-negative HNSCC. Cox proportional hazards
regression analysis revealed that expression of T-cadherin and PD-L1 were independent prognostic predictors
for OS and DFS in patients with HPV-negative HNSCC. The worst prognosis was observed in patients with T-
cadherin negative/PD-L1 positive.

Conclusion

In conclusion, expression of T-cadherin and PD-L1 were inversely correlated and were independent prognostic
factors for patients with HPV-negative HNSCC.

Introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common malignancy worldwide (Alsaha�
et al. 2017), with approximately 650,000 new cases reported each year (Ferlay et al. 2015). Despite advances in
both diagnosis and therapy in recent decades, the �ve-year survival rate of HNSCC is still low, resulting in more
than 140,000 deaths annually (Ang et al. 2014). The low survival rate might be due to late diagnosis and a lack
of biomarkers that can effectively predict the progression and prognosis of HNSCC (Leemans et al. 2011).
Thus, identifying effective biomarkers would be of great importance for the treatment and early prognosis
prediction of patients with HNSCC.

T-cadherin is a member of the cadherin superfamily that belongs to intercellular adhesion molecules
(Philippova et al. 2013). The expression of T-cadherin is reduced or lost in various types of cancer (Philippova
et al. 2013; Abudukadeer et al. 2012; Duan et al. 2013), while its overexpression can signi�cantly inhibit the
proliferation and invasion of various tumor cells (Huang et al.2003; Mukoyama et al. 2005; Kyriakakis et al.
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2012). Our previous study demonstrated that the expression of T-cadherin is associated with a poor prognosis
of oral squamous cell carcinoma (Wang et al. 2018). These studies (Philippova et al. 2013; Abudukadeer et al.
2012; Duan et al. 2013; Huang et al.2003; Mukoyama et al. 2005; Kyriakakis et al. 2012; Wang et al. 2018)
indicate that T-cadherin plays an important role as a tumor suppressor gene and may act as a potential target
for cancer therapy. Programmed death-ligand 1(PD-L1) is a cell-surface protein that belongs to the B7
superfamily. PD-L1 interacts with the programmed cell death protein 1 (PD-1) and forms an important cancer
immune escape mechanism (Cohen et al. 2019). Previous studies have found that E-cadherin and N-cadherin,
other members of the cadherin family, have a certain regulatory relationship with PD-L1(Suda et al. 2017; Sun
et al. 2021). However, there has not been any study on the correlation between T-cadherin and PD-L1, so this
study is designed to explore it. Furthermore, current studies on the correlation between PD-L1 expression and
the prognosis for cancer are inconsistent (Ohigashi et al. 2005; Thompson et al. 2004; Ferrand et al. 2013;
Evrard et al. 2020), these contradictory results prompted us to further investigate the relationship between the
expression of PD-L1 and the prognosis in patients with HNSCC. Thus, the current study aimed to explore the
expression of T-cadherin and PD-L1, as well as their association in patients with HNSCC. Furthermore, the
prognostic value of T-cadherin and PD-L1, alone or in combination, was also investigated.

Materials And Methods
Patients

A total of 104 patients who received radical surgery between April 2017 and August 2021 at Sichuan Cancer
Hospital & Institute were included in this study. The inclusion criteria were as follows: patients with HNSCC
were pathologically con�rmed, patients can provide su�cient tissues to meet the requirements of the study,
patients with HPV DNA negative and P16 negative, patients are followed up and are willing to join the study.
Exclusion criteria were patients with any other malignant disease, patients with distant metastasis, patients
with HPV DNA positive or P16 positive, patients who have received radiation or chemotherapy prior to surgery,
patients with follow-up loss or death not associated with tumor progression. Patients were staged according to
the eighth edition of American Joint Committee on Cancer (AJCC) staging system for head and neck cancer.
The study was approved by the ethics committee of Sichuan Cancer Hospital & Institute (Approval Number:
SCCHEC-02-2019-016), written informed consent was obtained from each patient.

Immunohistochemical (IHC) staining of T-cadherin and PD-L1

104 formalin-�xed para�n-embedded tissue specimens of HNSCC were sectioned at 4 um, depara�nized in
xylene after heat drying, then heat-induced epitope retrieval was conducted using heated citrate buffer for 20
min, endogenous peroxidase was blocked by 3% hydrogen peroxide, slides were incubated at 4℃ overnight
with rabbit monoclonal primary PD-L1 antibody (No. 13684S, clone E1L3N, 1:200 dilution, Cell Signaling
Technology, Danvers, MA, USA) and rabbit monoclonal to T-cadherin antibody (ab167407, EPR9621, 1:200
dilution, Abcam, Cambrige, UK). Anti-rabbit horseradish peroxidase (HRP)-conjugated secondary antibody was
added to the slides at room temperature for 30 minutes after washing, and 3,3’-diaminobenzidine (DAB) was
used to stain the slides and haematoxylin was used for counterstaining. Each slide was scored by two
pathologists independently. Tumor proportion score (TPS) was de�ned as the percentage of viable tumor cells
showing partial or complete membrane staining at any intensity. Tumor cells with TPS≥5 positive localization
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of PD-L1 in the membrane were considered positive, and tumor cells with TPS 1 positive localization of T-
cadherin in the membrane were considered positive. 

Statistical analysis

Statistical analysis was performed using SPSS 24.0 (IBM CorP, Armonk, NY, USA). Mann-Whitney U test was
used for continuous variables and Chi-square test was used for categorical variables. The correlation between
expression of T-cadherin and PD-L1 was analyzed by spearman’s correlation analysis. Kaplan-Meier survival
analysis was used to plot survival curves and log-rank test was used to determine the signi�cance. Univariate
and multivariate analyses were performed by cox proportional hazards regression analysis. P<0.05 was
considered a statistically signi�cant difference.

Results

Demographic and clinicopathological characteristics of
patients
The demographic and clinical characteristics of 104 HPV-negative HNSCC (HPV DNA-negative, P16-negative)
are shown in Table 1. The majority of patients were men (78, 75.0%) and from non-laryngopharynx (88, 84.6%),
the median age was 62 years (range from 25 to 79 years). 82 (78.8%) patients had used tobacco and 54
(51.9%) consumed alcohol, the median follow-up time was 32 months.
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Table 1
Demographic and clinicopathological characteristics of the study patients by T-cadherin and PD-L1 status

Characteristic All
patients(N 
= 104)

T-cadherin
positive(N 
= 14)

T-cadherin
negative(N 
= 90)

P PD-L1
positive(N 
= 67)

PD-L1
negative(N 
= 37)

P

Gender              

Male 78(75.0%) 10(71.4%) 68(75.6%) 0.74 46(68.7%) 32(86.5%) 0.044*

Female 26(25.0%) 4(28.6%) 22(24.4%)   21(31.3%) 5(13.5%)  

Age              

< 60 38(36.5%) 5(35.7%) 33(36.7%) 0.945 22(32.8%) 16(43.2%) 0.291

≥ 60 66(63.5%) 9(64.3%) 57(63.3%)   45(67.2%) 21(56.8%)  

T stage              

T1-2 54(51.9%) 12(85.7%) 42(46.7%) 0.015* 27(40.3%) 27(73.0%) 0.001*

T3-4 50(48.1%) 2(14.3%) 48(53.3%)   40(59.7%) 10(27.0%)  

N stage              

N0 42(40.4%) 2(14.3%) 40(44.4%) 0.032* 23(34.3%) 22(59.5%) 0.013*

N1-3 62(59.6%) 12(85.7%) 50(55.6%)   44(59.%) 15(40.5%)  

Smoking              

No 22(21.2%) 5(35.7%) 17(18.9%) 0.152 16(23.9%) 6(16.2%) 0.36

Yes 82(78.8%) 9(64.3%) 73(81.1%)   51(76.1%) 31(83.8%)  

Drinking              

No 50(48.1%) 6(42.9%) 44(48.9%) 0.674 33(49.3%) 17(45.9%) 0.747

Yes 54(51.9%) 8(57.1%) 46(51.1%)   34(50.7%) 20(54.1%)  

Sites              

Non-
laryngopharynx

88(84.6%) 10(71.4%) 78(86.7%) 0.142 58(86.6%) 30(81.1%) 0.458

Laryngopharynx 16(15.4%) 4(28.6%) 12(13.3%)   9(13.4%) 7(18.9%)  

T-cadherin
status

             

Positive 14(13.5%)       3(4.5%) 11(29.7%) < 
0.001*

Negative 90(86.5%)       64(95.5%) 26(70.3%)  

*P < 0.05; Radio, radiotherapy; Chemo, Chemotherapy; PD-L1, programmed cell death 1 ligand 1.
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Characteristic All
patients(N 
= 104)

T-cadherin
positive(N 
= 14)

T-cadherin
negative(N 
= 90)

P PD-L1
positive(N 
= 67)

PD-L1
negative(N 
= 37)

P

PD-L1 status              

Positive 67(64.4%) 2(14.3%) 65(72.2%) < 
0.001*

     

Negative 37(35.6%) 12(85.7%) 25(27.8%)        

*P < 0.05; Radio, radiotherapy; Chemo, Chemotherapy; PD-L1, programmed cell death 1 ligand 1.

Association of T-cadherin or PD-L1 expression with various demographic and clinicopathological
characteristics of HPV-negative HNSCC.

The representative expression of T-cadherin and PD-L1 are shown in Fig. 1. Among the 104 patients with HPV-
negative HNSCC, 90 (86.5%) samples exhibited T-cadherin negative, low expression of T-cadherin was
signi�cantly associated with advanced T stage (P = 0.015), N-stage (P = 0.032), and high expression of PD-L1
(P < 0.001), but not with gender, age, smoking status, drinking status or tumor sites. 67 (64.4%) samples
presented PD-L1 positive, high expression of PD-L1 was signi�cantly correlated with gender (P = 0.044),
advanced T-stage (P = 0.001), N-stage (P = 0.013), and low expression of T-cadherin (P < 0.001), but not with
age, smoking status, drinking status or tumor sites (Table 1). Spearman linear correlation analysis
demonstrated a large negative linear correlation between protein expression of T-cadherin and PD-L1 in the
same patient (r=-0.775, P < 0.01, Fig. 2).

Low T-cadherin expression and high PD-L1 expression are associated with poor prognosis of HPV-negative
HNSCC

Kaplan-Meier analysis revealed that low T-cadherin or high PD-L1 expression tend to have shorter OS (P = 0.021
and 0.034, respectively) and DFS (P = 0.012 and 0.016, respectively, Fig. 3). Univariate analysis showed that
gender, T-stage, N-stage, expression levels of T-cadherin and PD-L1 were associated with both OS (P < 0.05,
Table 2) and DFS (P < 0.05, Table 3) of patients with HPV-negative HNSCC. Multivariate analysis demonstrated
that T-stage, N-stage, expression levels of T-cadherin and PD-L1 were found as independent predictors for
shorter OS (P < 0.05, Table 2) and DFS (P < 0.05, Table 3) of patients with HPV-negative HNSCC.
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Table 2
Univariate and multivariate analysis for overall survival (OS) of HNSCC patients.

Characteristic OS univariate analysis OS multivariate analysis

HR(95%CI) P-value HR(95%CI) P-value

Gender        

Female 1   1  

Male 2.68(1.14, 3.02) 0.042* 1.86(1.28, 2.84) 0.162

Age at diagnosis        

< 60 1      

≥ 60 1.56(0.76, 2.32) 0.246    

Smoking        

No 1      

Yes 1.12(0.52, 1.78) 0.548    

Drinking        

No 1      

Yes 1.24(0.64, 1.89) 0.425    

T stage        

T1-2 1   1  

T3-4 3.24(1.56, 4.88) 0.002* 3.04(1.48, 5.06) 0.004*

N stage        

N0 1   1  

N1-3 3.86(1.45, 4.26) 0.001* 2.96(1.52, 3.86) 0.003*

T-cadherin status        

Positive 1   1  

Negative 4.68(2.11, 7.56) 0.001* 3.92(1.98, 6.57) 0.001*

PD-L1 status        

Negative 1   1  

Positive 6.48(2.42, 9.58) 0.001* 4.98(2.56, 8.76) 0.001*

*P < 0.05; PD-L1, programmed cell death 1 ligand 1.
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Table 3
Univariate and multivariate analysis for deasease-free survival (DFS) of HNSCC

patients.
Characteristic DFS univariate analysis DFS multivariate analysis

HR(95%CI) P-value HR(95%CI) P-value

Gender        

Female 1   1  

Male 3.02(1.12, 3.42) 0.036 1.88(0.56–3.12) 0.125

Age at diagnosis        

< 60 1      

≥ 60 1.66(0.76, 2.62) 0.262    

Smoking        

No 1      

Yes 1.82(0.84, 2.96) 0.138    

Drinking        

No 1      

Yes 1.64(0.66, 2.58) 0.325    

T stage        

T1-2 1   1  

T3-4 3.12(1.46, 5.28) 0.003* 2.88(1.38, 4.84) 0.004*

N stage        

N0 1   1  

N1-3 3.82(1.28, 5.16) 0.001* 3.48(1.52, 4.96) 0.002*

T-cadherin status        

Positive 1   1  

Negative 5.22(2.46, 8.48) 0.001* 4.89(1.99, 7.45) 0.001*

PD-L1 status        

Negative 1   1  

Positive 6.64(2.52, 11.58) 0.001* 5.32(2.32, 10.74) 0.001*

*P < 0.05; PD-L1, programmed cell death 1 ligand 1.

Combination effects of T-cadherin and PD-L1 expression on outcomes of HPV-negative HNSCC
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Kaplan-Meier analysis showed that there was a signi�cant difference on OS and DFS of HPV-negative HNSCC
by expression of T-cadherin and PD-L1 combination (P < 0.001, Fig. 4). The best prognosis was observed in
those patients with T-cadherin positive/PD-L1 negative and the worst prognosis were seen in patients with T-
cadherin negative/PD-L1 positve (Tables 4 and 5). The OS of patients with T-cadherin negative/PD-L1 positve
were 8.16 times shorter than patients with T-cadherin positive/PD-L1 negative (P < 0.001, Table. 4), the DFS of
patients with T-cadherin negative/PD-L1 positve were 9.28 times shorter than patients with T-cadherin positive/
PD-L1 negative (P < 0.001, Table. 5).

Table 4
Univariate and multivariate analysis of the prognostic value of T-cadherin in combination with

PD-L1 expression regarding OS in patients with HNSCC
T-cadherin and PD-L1 status OS univariate analysis OS multivariate analysis

HR(95%CI) P-value HR(95%CI) P-value

T-cadherin(+) and PD-L1(-) 1   1  

T-cadherin(-) and PD-L1(-) 2.62(0.82, 4.26) 0.028 3.26(1.08, 5.32) 0.008

T-cadherin(+) and PD-L1(+) 5.68(1.12, 8.25) 0.001 6.98(1.92, 9.66) 0.001

T-cadherin(-) and PD-L1(+) 7.32(1.38, 11.56) 0.001 8.16(2.02, 13.22) 0.001

Table 5
Univariate and multivariate analysis of the prognostic value of T-cadherin in combination with

PD-L1 expression regarding DFS in patients with HNSCC
T-cadherin and PD-L1 status DFS univariate analysis DFS multivariate analysis

HR(95%CI) P-value HR(95%CI) P-value

T-cadherin(+) and PD-L1(-) 1   1  

T-cadherin(-) and PD-L1(-) 3.18(1.26, 5.24) 0.014 3.92(1.38, 6.11) 0.006

T-cadherin(+) and PD-L1(+) 6.16(1.08, 9.82) 0.001 7.14(1.86, 10.66) 0.001

T-cadherin(-) and PD-L1(+) 8.12(1.58, 12.88) 0.001 9.28(2.46, 14.62) 0.001

Discussion
The main causes of HPV-negative HNSCC are patients’ tobacco and alcohol consumption. Patients consuming
tobacco and alcohol have been reported to respond worse to therapy and have worse outcomes (O’Rorke et al.
2012). The current study demonstrates a reduced expression of T-cadherin in the tissues of HPV-negative
HNSCC patients. In accordance with our previous study, which revealed a low expression of T-cadherin is
associated with advanced stage of patients with HNSCC (Wang et al. 2018). Our results show a 64.4% positive
PD-L1 expression in HPV-negative HNSCC; however, the expression of PD-L1 has varied in other studies
(ranging from 29–100%) (Bauml et al. 2017; Burtness et al. 2019; Seiwert et al. 2016). The variation in the level
of PD-L1 expression can be attributed to different antibodies used for staining, the heterogeneity of samples,
fresh or para�n-embedded samples, PD-L1 expression on in�ammatory cells being scored or not, and different
cutoffs (Cho et al. 2011).
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The present study shows that a high expression of PD-L1 is correlated with gender, stage, and different
treatment options, which is consistent with the study performed on oropharyngeal cancer (Hong et al. 2019).
Our study �nds that the expression of T-cadherin is negatively correlated with the expression of PD-L1. It has
been demonstrated that the increased activation of PI3K/Akt signaling and the up-regulated expression of PD-
L1 are found in radiation-resistant HPV-negative cell lines (Ski Skinner et al. 2017). Our previous study found
that T-cadherin can inhibit the proliferation of oral squamous cell carcinoma through a PI3K/Akt/mTOR
pathway (Wang et al. 2018), these studies indicate that there may be some regulatory relationship between T-
cadherin and PD-L1. Our study con�rmed that the protein expression of the two genes is closely related, but the
exact regulatory mechanism remains to be further studied.

Until now, the association between the expression of PD-L1 and the prognosis of HNSCC has remained
controversial. Our study demonstrates that the positive expression of PD-L1 is associated with worse OS and
PFS in patients with HNSCC, which is supported by studies conducted by Schneider et al (Schneider et al.
2018). and Zhou et al (2020). However, another study showed no correlation of survival with PD-L1 expression
in oral squamous cell carcinoma (Chen et al. 2018). Hong et al. (2016) even found PD-L1 to be a positive
prognostic factor for OS in 99 tonsillar cancer patients by univariate analysis, but this has not been the case in
multivariate analysis (Chan et al. 2008). Such discrepancies may be caused by the use of different cutoffs, the
heterogeneity of tumor sites, stages, treatment options. Our study used different sites of HNSCC with different
treatment options and adopted the cut-off value that most studies have used (TPS = 5). Thus, the �ndings are
relatively reliable. Nevertheless, the study needs to be validated by a larger sample size and multi-center
studies, and the antibody and cutoff value to be used should be standardized.

The results showed that either the expression of T-cadherin or PD-L1 is an independent prognostic factor for
the OS and DFS of patients with HPV-negative HNSCC, and that patients who were T-cadherin negative and PD-
L1 positive had the worst prognosis. It was found that the expression of T-cadherin was reduced or lost by
hypermethylation in various cancers (Chan et al. 2008; Ulivi et al. 2006) and that the hypermethylation of T-
cadherin was correlated with worse prognosis in patients with cervical cancer (Widschwendter et al. 2004) and
oral squamous cell carcinoma (Wang et al. 2021). It was speculated that T-cadherin and PD-L1 affect the
prognosis of HPV negative HNSCC patients through certain mechanisms, while the exact mechanism why
patients with T-cadherin negative/PD-L1 positive had the worst prognosis remains to be further studied.

In conclusion, the current study demonstrates that the expression of T-cadherin and PD-L1 are of large negative
correlation; the low expression of T-cadherin and the high expression of PD-L1 are independent prognostic
factors for worse outcomes in patients with HPV-negative HNSCC; patients with T-cadherin negative/PD-L1
positive had the worst prognosis, indicating that those patients require further personalized therapy.
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Figure 1

Immunohistochemical staining of T-cadherin and PD-L1 in representative HPV negative head and neck
squamous cell carcinoma tissues. (A) T-cadherin negative; (B) T-cadherin positive; (C) PD-L1 negative; (D) PD-
L1 positive. (all magni�cation, x400). PD‐L1, programmed cell death 1 ligand 1.
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Figure 2

Correlation between T-cadherin protein expression and PD-L1 protein expression. TPS, tumor proportion score.
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Figure 3

Kaplan-Meier curves for patients with head and neck squamous cell carcinoma. Overall survival and desease-
free survival of patients with high vs low T-cadherin (A&C) and PD-L1 (B&D) protein expression.
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Figure 4

Combination analysis of the effects of T-cadherin and PD-L1 on overall survival (A) and desease-free survival
(B) of patients with head and neck squamous cell carcinoma.


