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Background: Increasing evidence has indicated that several B7 family members play critical roles in the progress of many cancers.
However, the clinical significance of the B7 family in cutaneous squamous cell carcinoma (cSCC) is still elusive. The purpose of this
study is to investigate the potential role of B7-H1 biomolecules (PD-L1) in regulating the tumorigenesis and progression of cSCC, the
most common non-melanoma skin cancer.

Methods: We collected transcriptome data of cSCC patients from TCGA databases (n = 496) and subjected the transcription data to
bioinformatical analysis. Differential expression of B7-H1 genes with a grade-dependent pattern was identified. We collected paraffin
sections of skin squamous carcinoma and analyzed by immunohistochemical staining. We further examined the PD-L1 levels of
CD14+ cells in peripheral blood of each ¢SCC patient and normal subjects by flow cytometry.

Results: It was found that higher expression of PD-L1 was associated with poor prognosis of ¢SCC patients and shorter overall
survival. These observations were further verified in the clinical paraffin sections and in peripheral blood T cells.

Conclusion: Our study reveals that PD-L1 is a potential prognostic marker in clinical prognosis for cSCC patients and could be
valuable for ¢SCC treatment.

Keywords: PD-L1, cutaneous squamous cell carcinoma, tumour progression, immunotherapy

Introduction
Cutaneous squamous cell carcinoma (cSCC) is the second most common malignant tumor of the skin after basal cell
carcinoma. The most common disease progression is from actinic keratosis (AK), which then develops into squamous
cell carcinoma in situ, invasive ¢SCC, and finally metastatic cSCC.! The incidence of ¢cSCC is mainly related to long-
term cumulative ultraviolet radiation, and other risk factors include virus infection, genetic and immune factors. In recent
years, new targeted therapy drugs such as epidermal growth factor receptor inhibitors cetuximab, gefitinib and erlotinib,
and PD-L1 inhibitor cimiprizumab, have been gradually applied in the clinical treatment of advanced metastatic cSCC
and achieved certain effects.” Although the majority of ¢SCC cases have a good prognosis, some ¢SCCs are highly
metastatic and invasive, and their incidence is increasing at the rate of 2-4% per year.* Therefore, new biological targets
with anti-tumor metastatic invasion are needed to delay the late metastasis of cSCC and delay the survival of the disease.
Induced programmed death ligand 1(PD-L1, PD-L1, CD274), an inhibitory molecule of the B7 family.” In 1999,
Dong Haidong discovered this type I transmembrane protein structure, which is homologous to B7-1 and B7-2 and
consists of immunoglobulin V and C-like domains, hydrophobic transmembrane protein domains and 30 amino acids, and
named it as “PD-L17.° In chronic infections and tumors, PD-L1 binds to programmed cell death 1 (PD-1) to induce
“failure” of T cells.” According to Latchman et al, the effect of PD-L1 and PD-1 is to accelerate T cell apoptosis by
blocking cell cycle rather than inducing cell death.® In addition, PD-L1 has been reported to be highly expressed in
various solid tumors including lung cancer,9 breast cancer,10 pancreatic cancer,11 renal cancer,12 colorectal cancer,13
gastric cancer,'* and cervical cancer,'” and it was found that the expression level of PD-L1 was significantly correlated
with clinical performance. At present, immune checkpoint inhibitors targeting PD-1/PD-L1 and CTLA-4/B7 have been
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reported to be successfully used in cancer treatment.'®'” However, the expression and mechanism of PD-L1 in cutaneous
non-dark skin cancer, especially squamous cell carcinoma, remain unclear.

Immune escape plays an important role in the recognition and regulation of immune checkpoint escape. Immune
checkpoints include classical CTLA-4 and PD-1, and some of the molecules that discovered recently, such as B7-H3,
CD47, and members of the SigLec-family (SigLec-7/9)."® They play an important role in initiating defensive immunity
and maintaining immune tolerance.'® Immunosuppression mediated by the PD-L1/PD-1 signaling pathway has been
shown to increase the apoptosis of antigen-specific human T cell clones in tumor tissues and cells and inhibit the
activation of CD4+/CD8+T cells in vitro, thereby enhancing the immune tolerance of tumor cells and promoting immune
escape.’”?! At present, PD-L1I inhibitors have been used in the evaluation of the efficacy of immunotherapy for patients
with metastatic melanoma,?” which will bring a new direction for tumor immunotherapy.

In this study, we found that the negative costimulatory molecule PD-L1 was abnormally high expressed in skin
squamous cell carcinoma tissues and peripheral blood CD14+ cells. PD-1 receptor was also highly expressed in
peripheral blood T cells. In addition, we also analyzed the relationship between the expression level of PD-L1 and

clinicopathological variables such as age, site, tumor size and pathological grade.

Materials and Methods

Bioinformatic Analysis

Transcriptome data that showed differential expression of cSCC were downloaded from TCGA cohorts. The genes
expressed in the (807 over-expressed and 559 over-expressed genes) in ¢cSCC were subjected to KEGG enrichment
analysis. Kyoto Encyclopedia of Genes and Genomes (KEGG, http://www.kegg.jp/kegg/pathway.html). Gene Set

Variation Analysis (GSVA package of R http://www.bioconductor.org/) was used to explore the correlation between B7-

HI1 and the prognosis predictor.

Patients and Clinical Specimens

Tissue samples were analyzed immunohistochemically. Primary tumor tissues specimens and control group tissues
specimens were obtained by surgery and pathological diagnosis from 136 paraffin sections (96 c¢SCC, 20 AK, 20
Normal) without any chemotherapy or radiation therapy before surgery in the Dermatology and Orthopedics Department
of the First Affiliated Hospital of Soochow University between 2009 and 2015. Cutaneous squamous cell carcinoma and
actinic keratosis were confirmed by hematoxylin and eosin (H&E) staining after surgical resection. The average age
ranged from 20 to 85 years (47 males,49 females). This study was approved by the Ethics Committee of our hospital, and

all patients provided written informed consent before enrolment.

Blood Samples
Blood samples were collected from 15 patients with cutaneous squamous cell carcinoma and 10 health people in the
wards of the First Affiliated Hospital of Soochow University. All patients with skin squamous cell carcinoma were first
diagnosed with skin squamous cell carcinoma. Exclusion criteria include the following:

I) patients with autoimmune diseases;

II) patients taking immunosuppressive drugs;

IIT) HIV-positive patients;

IV) patients with other tumors.

Separation of PBMCs

Peripheral blood mononuclear cells (PBMCs) were isolated from EDTA-treated peripheral blood by a standard density
gradient centrifugation (Ficoll R&D, USA) (25 min, 400 g, 22°C). The cells were washed twice in phosphate buffered
saline (PBS).
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Immunohistochemistry

Immunohistochemistry was used to detect the expression of PD-L1 in ¢SCC, actinic keratosis, and normal skin tissue. All
the surgically resected specimens were fixed with 10% neutral buffer formalin and made into 4-cm serial paraffin-
embedded sections. The paraffin section was dipped into the repair solution for deparaffinating and rinsed with PBS
every 30 min for 3 min each time. After dehydration with alcohol, the tissue slices were incubated with hydrogen
peroxide at 25 °C to block endogenous peroxidase and rinsed with PBS every 10 min for three times. The deparaffined
tissues were co-incubated with 5% BSA solution for 1 h. Sections were incubated with PD-L1 primary antibody followed
by secondary antibody and colored by diaminobenzidine (DAB). PBS was rinsed to remove the excess antibodies.
Diaminobenzene was used as the chromogen and hematoxylin as the nuclear counterstain. Sections were dehydrated,
cleared and mounted.

Immunohistochemical results were evaluated by microscopic observation. The score was quantified by the the tumor
tissue staining intensity multiplied by the percentage of positive tumor cells. Tumor tissue-staining intensity was
determined as follows:1, pale yellow; 2, brown yellow; 3, tan. The percentage of positive tumor cells was determined
as follows: 0, <5%; 1, 5-25%; 2, 50-70%; 3, >70%. Three certified pathologists were blinded to evaluate the scores and
achieved the consensus results.

Flow Cytometry

Peripheral blood were collected and incubated with anti-PD-L1, CD3, CD4, CD8 and CD14 monoclonal antibodies
(R&D Systems, Abingdon, UK & Europe) at room temperature for 30 min. The labeled cells were resuspended in
a 0.5 mL cell staining buffer and examined by flow cytometry. The analysis was performed using flow cytometry (Flowjo
software, USA). Isotype controls were set for each stain.

Statistical Analysis

The y2 test was used to analyze the associations between the expression of PD-L1 and clinical parameters (gender, age,
and tumor risk factors). Statistical analysis and mapping were performed using SPSS 11.0 and GraphPad Prism 8.0
software. Statistical significance was set at P<0.05.

Results
PD-LI Expression in Normal, AK, and cSCC Tissue Simples

To understand the function of PD-L1 and obtain comprehensive insights into their clinical correlations with ¢SCC, we
firstly analyzed the RNA expression data of 496 patients from The Cancer Genome Atlas (TCGA) database. We
identified differential expression of PD-L1 genes with a grade-dependent pattern. The results show that B7-H1 was
frequently expressed in ¢cSCC (Figure 1A). It is also worth noting that the expression level of PD-L1 significantly
correlates with the survival times of ¢SCC patients (Figure 1B). Higher expression of PD-L1 was associated with poor
outcomes in cSCC patients. These results indicate that the expression of PD-L1 may play important regulatory role in the
progress of ¢cSCC tumors.

To further delineate the clinical significance of the PD-L1 gene signature expressed in ¢SCC, 96 cases of paraffin
sections of skin squamous carcinoma, 20 cases of solar keratosis (precancerous lesion), and 20 cases of normal epithelial
tissue were analyzed by immunohistochemical staining. Immunohistochemical staining showed that the expression of
PD-L1 in normal skin tissues, actinic keratosis tissues, and cSCC tissues. The results showed that the expression of PD-
L1 was higher in actinic keratosis and c¢SCC tissues, but lower in normal skin tissues (Figure 2A-C).
Immunohistochemical results were evaluated by microscopic observation. The score was based on the degree of staining
of the tumor tissue, and the proportion of positive cells was then scored using a secondary scoring system (Figure 2D).
However, PD-L1 with pathologic correlation analysis found that PD-L1 levels in ¢SCC patients with occurrence and
development of tumor low risk factors such as age, gender, and high-risk factors such as whether the tumor is located in
the exposed parts, tumor size, and whether lymph node metastasis and tumor cell differentiation degree had no
correlation (P>0.05; Table 1).

Clinical, Cosmetic and Investigational Dermatology 2023:16 https: 3
Dove


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

A B
4.5
P=0.0029

S P=0.0322 100
= 3.01 P=0.1695
@ > p=0.0082
2 + - © 80
s 154 | ! T3 E PD-L1 L
X 47 % Stage 3 60— — Poiow
ot i tye st @
< “t .23380 = ;
= 0.0 . 11 @2 E 40- — PD-L1 High
14 T s = G3 d>>
£ t R = O
v -1-51 o X 204
a i
o 30 - 0 T T T T i 1

’ 0 2000 4000 6000

Days
G1 G2 G3 G4
Stages

Figure | The expression of PD-L| in ¢SCC in TCGA dataset. (A) The expression of PD-L| in each grade of ¢SCC. (B) Kaplan-Meier analysis showed the prognosis value of
PD-LI in ¢SCC.
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Figure 2 Immunohistochemical staining of expression of the PD-L| molecule in different skin tissues (IHC). (A) PD-L| negative expression in normal skin tissues. (B and C)
PD-LI positive expression in actinic keratosis and cSCC tissues. Magnification: 400x%. (D) PD-L| level as shown by a secondary scoring system. Arrows show the expression
of PD-LI in the tissue. (*P<0.05; **P<0.01).

Expression of PD-LI in CD 14+ Cells in Peripheral Blood of Patients with ¢SCC
In order to evaluate the immune status especially the immune escape in ¢SCC, we first examined the PD-L1 levels of
CD14+ monocyte cells in peripheral blood of each ¢SCC patient and normal subjects by flow cytometry. Compared to
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Table | Correlation Between PD-LI Expression and Pathological Findings of ¢SCC
Patients

Variables Cases | PD-LI expression Level x2 p

H-Score=0 >0

Age 0.3497 | 0.5673
<60years 75 14 6l

>60years 21 3 18

Gender 0.4589 | 0.4766
Male 47 7 40

female 49 10 39

Tumor size 0.3245 | 0.7812
<2cm 34 10 24

>2cm 62 8 54

Pathology classification 1.6323 | 0.1706
High differentiation (I-I) 66 I 55

Moderate-low differentiation (IlI-IV) 30 4 26

LN metastasis 1.3814 | 0.0892
No 90 16 74

Yes 6 0 6

Exposed parts 0.9872 | 0.3204
No 71 12 59

Yes 25 5 20

normal subjects, the results showed that PD-L1 was highly expressed on CD14+ cells in the peripheral blood of patients
with cutaneous squamous cell carcinoma (Figure 3A). The flow cytometry results were analyzed statistically (Figure 3B).

Expression of PD-1 in CD3+CD4+/CD3+CD8+ in Peripheral Blood T Cells of

Patients with ¢SCC

PD-1 expression level of CD3+CD4+/CD3+CDS8 in peripheral blood T cells of normal person and patients with
cutaneous squamous cell carcinoma was detected by flow cytometry (Figure 4A and B). Our results showed that PD-1
was also highly expressed in peripheral blood T cells of patients with skin squamous cell carcinoma (Figure 4C and D).
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Figure 3 Flow cytometric analysis of PD-LI molecules on CD 14+ cells in peripheral blood of normal and cSCC patients. (A) The expression of PD-LI on CD 14+ cells in
peripheral blood of healthy controls and skin squamous cell carcinoma patients. (B) Statistical analysis of flow cytometry results showed a significant difference in PD-LI
expression between patients with squamous cell carcinoma and the control group.(**P<0.01).
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Figure 4 Flow cytometric analysis of CD3+CD4+ PD-1 and CD3+CD8+ PD-| expression in peripheral blood T cells of normal and cSCC patients. (A) peripheral blood
T cells of normal persons. (B) peripheral blood T cells of cSCC. (C) Statistical analysis of flow cytometry results showed abnormally high expression of CD3+CD4+ PD-1 in
peripheral blood T cells of patients with cSCC.(*P<0.05;**P<0.01). (D) Statistical analysis of flow cytometry results showed abnormally high expression of CD3+CD8+ PD-|
in peripheral blood T cells of patients with skin squamous cell carcinoma. (**P<0.01).

Discussion

As a type I transmembrane protein, PD-L1 is a hot molecule of the B7 family in recent years. It is expressed in
hematopoietic cells, B cells, T cells, dendritic cells (DCs) and macrophages, and acts with the PD-1 receptor on activated
T cells, B cells and bone marrow cells.” In 1999, Dong et al reported for the first time that PD-L1 was involved in the
negative regulation of specific cellular immune response.® Tyler J. Curiel et al also demonstrated that blocking PD-L1 on
myeloid dendritic cells (MDC) in the tumor microenvironment enhances T cell activation.” In addition, the use of PD-L1
blocking antibodies increases the number of tumor-infiltrating immune cells, especially CD8+T cells.>*** It has recently
been reported that the interaction between PD-L1 on multiple myeloma cells and PD-1 on NK cells can limit NK cell-
mediated anti-tumor response.”® Therefore, we concluded that tumors may escape anti-tumor immunity through two
independent PD-L1 pathways:1. The effector T cells producing IFN-c were reduced by PD-L1; 2. Reduction of NK cell
response by PD-L1.

The expression of PD-L1 in 96 patients with cSCC was studied at cell, blood and tissue levels. Our results showed
that PD-L1 was highly expressed in the precancerous lesions of skin cancer and ¢SCC tissues, and the expression level
was not significantly correlated with the age, gender, and tumor risk factors of the patients. This is consistent with
findings in patients with melanoma and non-small cell lung cancer.?” It is suggested that PD-L1 plays an important role in
the process from normal skin tissue to precancerous lesions and then to cutaneous squamous cell carcinoma, but it cannot
be used as an indicator for the recurrence and prognosis of skin cancer. We also found that the ligand PD-1 of PD-L1 was
also highly expressed on peripheral blood T cells of patients with ¢SCC, which further suggested that the PD-L1
molecule may transmit inhibitory signals through the receptor PD-1, reduce the immune effector of T cells in the local
microenvironment, make the immune escape of mutated cells, and promote the occurrence and development of cutaneous
squamous cell carcinoma.”®*° Previous studies have demonstrated that the PD-L1 molecule promotes tumorigenesis
through antiapoptosis and epithelial to mesenchymal transition (EMT) of tumor cells. Azum’s study also showed that PD-
L1 molecules can transmit growth-inhibiting signals to tumors.”® The PD-1 suggest the tolerance signal on immune
system. The highly expressed PD-1 in CD3+CD4+/CD3+CDS cells can lead to T death and thus inducing the tumor
escape from T cells. It has also been well established that PD-L1 is an immunosuppressive molecule, so it is no surprise
to find that expression of PD-L1 on CD14 + cells is upregulated and contributes to the potent suppressor activity of the
cells. Previous studies have demonstrated that monocytes exposed to glioma tumor have immunosuppressive properties
and a higher level of B7-H1 (PD-L1) expression. Therefore, PD-L1 expression in CD14 + cells may confer additional
immunosuppressive properties to these patients with cSCC. Therefore, we speculated that PD-L1 may be involved in the
biological behavior of ¢cSCC as a functional molecule, playing a role in maintaining its proliferation and invasion. This
suggests that targeting PD-L1 inhibitors may provide a new target for immunotherapy of skin squamous cell carcinoma.
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In the development of tumor immunotherapy, drug resistance of immune checkpoint inhibitors has been gradually
discovered and become an urgent problem to be solved. Liye Zhou et al found that in the process of targeting PD-
1-blocking drugs for head and neck squamous cell carcinoma, patients showed a good prognosis, but the clinical response
rate was very low. They believed that the mechanism of drug resistance might be related to the disorder of tumor cell
antigen presentation mediated by the missing HLA-I antigen. In patients with cervical cancer, only 17% of patients with
tumor responded to PD-L1 antagonist therapy, and this result was inversely correlated to the PD-L1 expression level.
Therefore, the role of PD-L1 in tumor drug resistance remains to be further studied.

Conclusions

Overall, our study provides preliminary evidence that PD-L1 is highly expressed in ¢SCC and is correlated with the
outcomes of ¢cSCC. PD-L1 could be a potential indicator for the prognosis of ¢SCC. Our findings have important
implications for the understanding of the carcinogenesis and progression of ¢SCC, which will provide an important
indicator for the clinical diagnosis and therapeutic strategies for cSCC.
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