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Simple Summary 

Oral squamous cell carcinoma (OSCC) is a common head and neck cancer with limited response to 

conventional treatments such as surgery, radiotherapy, and chemotherapy. Immunotherapy 

represents a promising alternative, and the identification of novel biomarkers may improve patient 

stratification and personalized therapies. In this study, we investigated the expression of HLA-DR, a 

class II MHC molecule, in relation to the tumor microenvironment, focusing on cancer-associated 

fibroblasts (CAFs). Biopsies from OSCC patients were analyzed, and data from The Cancer Genome 

Atlas (TCGA) were used to compare expression levels of HLA-DR and PD-L1 in normal and tumor 

tissues. Our results demonstrated that OSCC epithelial cells acquire de-novo HLA-DR expression 

and that CAFs express significantly higher levels of HLA-DR compared to normal fibroblasts. 

Moreover, TCGA analysis revealed an increase of both HLA-DR and PD-L1 in OSCC samples, with 

a positive correlation between the two. These findings suggest potential implications for novel 

immunotherapy strategies in OSCC. 

Abstract 

Objective: Oral squamous cell carcinoma (OSCC) is a prevalent form of head and neck squamous 

cell carcinoma (HNSCC). Traditional treatments include surgery and radiotherapy/chemotherapy, 

but these often have limited efficacy. Immunotherapy has emerged as a promising treatment option. 

Recognition of novel biomarkers for immune checkpoints modulation could be helpful for 

establishing a personalized treatment for OSCC patients. Recently we showed that HNSCC epithelial 

cells acquire the ability to express class II MHC, HLA-DR. We aimed to investigate HLA-DR role in 

relation to the presence of the tumor microenvironment represented by CAFs. In addition, since 

programmed death-ligand 1 protein (PD-L1) is a critical target for cancer immunotherapy in HNSCC, 

we evaluated HLA-DR and PD-L1 level in healthy and OSCC tissues. Methods: Biopsy specimens 

from five OSCC patients were used to isolate tumor cells, normal fibroblast and CAFs. HLA-DR 
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expression was evaluated. Cancer Genome Atlas database was used to evaluate HLA-DR and PD-L1 

level in normal tissues and HNSCC derived biopsies. Results: Epithelial cancer cells showed de-novo 

HLA-DR expression. Importantly, HLA-DR expression was observed in both CAFs and normal 

fibroblasts with a significant higher level in CAFs. Atlas analysis showed an increase of HLA-DR and 

PD-L1 expression in HNSCC derived biopsies vs normal tissues and a positive correlation between 

HLA-DR and PD-L1 in cancer samples. Conclusions: Our findings highlighted that tumoral 

environment could affect OSCC cells inducing HLA-DR expression in non-APC tumoral and CAFs 

cells. The correlation between PD-L1 and HLA-DR expression has been observed, providing useful 

insights in targeted immunotherapy strategies for OSCC management. 

Keywords: HLA-DR; cancer-associated fibroblasts; squamous cell carcinoma; oral cavity cancer; PD-

L1; immunotherapy; tumor cells culture 

 

1. Introduction 

Oral squamous cell carcinoma (OSCC) is the 16th most common tumor in humans, targeting the 

tongue, lips, and floor of the mouth. The Global Cancer Observatory estimates that the incidence of 

OSCC will increase by 40% by 2040 [1]. Several studies have indicated that the risk of developing oral 

cancer increases with age, typically affecting individuals older than 50 years, and cases are more 

common in men [2,3]. Smoking and excessive alcohol consumption are primary risk factors, whereas 

viral infections, particularly involving HPV, have also been suggested as potential contributors. 

Although HPV infection is a well-established cause of oropharyngeal squamous cell carcinoma 

(SCC), its role in oral SCC remains less clear, with lower infection rates observed [4]. 

Despite diagnostic and therapeutic innovations, the prognosis of OSCC has not improved with 

a high recurrence rate and resistance to conventional treatments [5]. Surgery and Radiotherapy are 

still the main treatment methods, with neoadjuvant chemotherapy and targeted therapy occasionally 

used to achieve tumor shrinkage at the same time [6]. 

Immunotherapy represents the new frontier of study for individualized therapies against 

tumors not responding to traditional treatments as well as nanotechnology-based drug delivery [7], 

and targeting of the tumor microenvironment (TME). Specifically, immune checkpoint inhibitors 

(ICIs) including pembrolizumab and nivolumab have been Food and Drug Administration approved 

for the treatment of recurrent/metastatic HNSCC [8]. However, although immunotherapy does not 

provide the same results in patients with similar oncological characteristics and among patients with 

metastatic HNSCC, only 10% to 18% showed prolonged therapeutic benefit. [9]. 

In the personalized medicine era, the mechanisms underlying different responses to similar 

tumors are investigated [10]. Many studies have investigated the clinical effects, survival benefits, 

and adverse reactions of immunotherapy, while the absence of depicting the TME before treatment 

aroused our interest in conducting further research. 

The immune landscape in the tumor microenvironment (TME) can either inhibit or contribute 

to cancer progression, depending on the type of cell populations present. In HNSCC, the TME 

exhibits variations according to the anatomical subsite and associated etiological agent [11]. Primary 

resistance to immunotherapy may result from a lack of appropriate rejection antigens, deficient 

immune surveillance, or the presence of immunosuppressive mediators [12]. 

From this point of view, a fundamental role seems to be played by the interactions of epithelial 

neoplastic cells with the various tumor microenvironment (TME) components [13]. Among these, in 

addition to immune cells, cancer-associated fibroblasts (CAFs) originating from various precursor 

cells (normal fibroblasts, pericytes, smooth muscle cells, epithelial and endothelial cells, quiescent 

stellate cells, adipocytes, bone marrow-derived MSCs) [14] are widely represented. There are 

different types of CAFs, which express different markers correlated with the subtypes, reflecting their 

functional diversity and varied roles in tumor microenvironment. Among these different subtypes 

antigen presenting CAFs (apCAFs) are mesothelial cells that acquire fibroblasts characteristics under 
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the influence of IL-1 and TGF-beta and express MHC class II, as Human Leukocyte Antigen – DR 

Isotype (HLA-DRA) [15]. 

HLA-DR is usually expressed on antigen presenting cells, such as dendritic cells, macrophages 

and B cells and present peptides antigens of exogenous origin to CD4+ T cells. But unexplainedly, as 

well as in apCAFs HLA-DR is expressed on other non-APCs tumor cells [16,17] such as epithelial 

laryngeal cancer cells [18]. Interestingly, it has been noted that non-APC cells HLA-DR expression in 

TME is correlated with the response to new immune checkpoint regulatory molecules, such as anti-

PD-1 and anti-PD-L1 [19]. PD-L1 is an immune checkpoint inhibitor that binds to PD-1 on T cells, 

regulating immune responses and preventing autoimmunity. Tumors often exploit this mechanism 

by overexpressing PD-L1, which helps them evade immune detection and promotes tumor 

progression by inhibiting cytotoxic T lymphocyte function PD-1/PD-L1 inhibitors work by blocking 

this interaction, thereby enhancing T cell responses and mediating antitumor activity [20]. 

PD-L1 is a critical target for cancer immunotherapy in HNSCC. Studies have shown that PD-L1-

specific helper T-cells can effectively target and kill tumor cells, suggesting that PD-L1 can be a 

favourable target for immunotherapy in HNSCC patients. The association of PD-L1 and HLA-DR 

expression has been observed in a subset of oropharynx squamous cell carcinoma cases, indicating 

potential for targeted immunotherapy strategies [21]. 

To date, only a single study has been reported to isolate epithelial and mesenchymal cell cultures 

from the same oral squamous cell carcinoma (OSCC) patient’s tissue samples [22]. In this study we 

analyzed paired epithelial and fibroblasts culture cells derived from normal and tumoral primary 

tobacco smoking OSCC patients. 

We aimed to investigate the de-novo HLA-DR expression in fibroblasts and CAFs culture cells 

in order to support non apCancer associate fibroblasts role in tobacco smoking-HPV negative oral 

cancerogenesis. In addition, we evaluated de novo HLA-DR expression in cancer derived epithelial 

culture cells. Importantly, both cancer-associated fibroblasts (CAFs) and normal fibroblasts expressed 

HLA-DR, with significantly higher levels in CAFs. Analysis of The Cancer Genome Atlas (TCGA) 

[23] showed increased HLA-DR and PD-L1 expression in HNSCC biopsies compared to normal 

tissues, and a positive correlation between these two markers in cancer samples. TCGA data provide 

comprehensive genomic and clinical information that advances cancer research by elucidating 

tumorigenic mechanisms, enabling biomarker discovery, characterizing shared signalling pathways, 

and guiding the development of targeted combinatorial therapies. 

These findings indicate the tumor microenvironment can modulate HLA-DR expression in non-

antigen-presenting cancer cells and CAFs. Further studies are required to better understand the 

biological effects of HLA-DR+ CAFs and tumor-derived epithelial cells in tobacco-associated, HPV-

negative OSCC, including their potential correlation with responses to immune checkpoint inhibitors 

such as anti-PD-1 and anti-PD-L1, as well as the mechanisms and signaling pathways through which 

HLA-DR+ CAFs and their activity within the TME influence OSCC prognosis. 

Additionally, we aim to clarify the prognostic significance of environmentally induced HLA-DR 

expression in non-antigen-presenting OSCC cells and CAFs, particularly in the context of PD-1/PD-

L1 inhibitor immunotherapy for primary OSCC. 

2. Materials and Methods 

Ethical Consideration 

Institutional Ethics Committee approval was taken (IC number 3740). All patients who took part 

in our study provided informed consent. The confidentiality of the documentation of the detailed 

case history, clinical details, and patient personnel information was maintained. 

Patients 

Five patients underwent surgery for primary OSCC. The tumor staging was evaluated following 

the eight edition of TNM Classification [24]. TNM classification is described in Table 1. Inclusion 
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criteria: 1) diagnosis of primary oral squamous carcinoma, 2) signing of informed consent for 

involvement in the study. Exclusion criteria: 1) patients diagnosed with non-primary squamous 

carcinoma of the head and neck and already undergoing radiotherapy, chemotherapy and 

immunotherapy, biological therapy. 

Table 1. Clinical characteristic of the studied population, HPV status and oncological outcome at 5-years. 

Case n. Age sex staging HPV outcome 

1 57 Male SIII Negative DOD 

2 95 Male SIV Negative DOD 

3 56 Male SIV Negative ALIVE 

4 69 Male SII Negative AWED 

5 69 Male SIV Negative ALIVE 

Abbreviations: DOD dead of disease, AWED alive with evidence of disease. 

To validate our findings and investigate potential correlations and prognostic implications, we 

utilized data from The Cancer Genome Atlas (TCGA). TCGA data for head and neck cancer were 

obtained from: 

• https://www.proteinatlas.org/ENSG00000120217-

CD274/cancer/head+and+neck+cancer#HNSC_TCGA; 

• https://www.proteinatlas.org/ENSG00000204287-HLA-

DRA/cancer/head+and+neck+cancer#HNSC_TCGA. 

Expression levels of HLA-DR and PD-L1 were reported in FPKM (fragments per kilobase of 

exon model per million reads mapped), a unit commonly used to quantify gene expression from 

RNA-seq data. 

Primary Cell Cultures 

During surgery tumoral and healthy tissue (far at least 3 cm from macroscopic tumor) specimens 

were sterile collected. The biological material was washed in a Phosphate buffered saline (PBS) 

solution with antibiotics and after a mechanical digestion, was incubated with Collagenase IV (0,1% 

in PBS) solution for 2h at 37° in Petri Dishes. Fibroblasts and epithelial cells were isolated from both 

biopsies and cultured in two different media. Both Fibroblasts and CAFs were selected at different 

passages in trypsin-EDTA 0.25% and cultured with DMEM-high glucose (10% Fetal Bovine Serum, 

1% Penicillin/streptomycin, 1% L-Glutamine). Both normal and cancer epithelial cells were cultured 

in a specific medium DMEM - high glucose (HAM F12 1:1, 10% Fetal Bovine Serum, 1% 

Penicillin/Streptomycin, 1% L-Glutamine, Insulin 10ug/ml, Epidermal growth factor 20ng/ml, 

Hydrocortisone 0.5yg/ml). Cells were expanded in Flask T75 at different passages. Cells were frozen 

at each different passage using Dimethyl Sulfoxide (DMSO) 10% at -80 °C. 

Immunofluorescence Analysis 

Expression of α-SMA, marker of fibroblast, FAP, marker of CAFs, and cytokeratin for HNSCC 

tumor cells was evaluated by immunofluorescence analysis. Briefly, cells were seeded on the 4-well 

chamber slides (VWR, Germany) with a 30000 cells/well density, were washed with PBS, fixed in 4% 

paraformaldehyde for 15 min at RT and permeabilized with triton-X for 10 min. After blocking with 

1% Bovine Serum Albumin (BSA) (VWR, Germany) solution for 30 min at RT, 200 µL of a primary 

antibody solution, anti-fibroblast activation protein (αFAP-rabbit monoclonal, Cell Signaling), or 

alpha-smooth muscle actin (α-SMA mouse monoclonal, Cell Signaling) or anti-cytokeratin (mouse 

monoclonal, Novus Biological) was added and incubated for 2 h in RT. Then, the cells were washed 

twice with 2% BSA in PBS solution and incubated with secondary antibody solution for 1 h at 37 °C 

in darkness. All slides were washed twice with 2% BSA in PBS solution and 400 µL of DAPI 

(SAFSD8417, VWR, Germany) solution was added. Fluorescence staining was photographed using 

Olympus IX83 microscope (Boston Industries, Inc., MA, USA). 
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Flow Cytometry – Sorting 

Cells were detached with trypsin and then resuspended in PBS-0.5%BSA-1mM EDTA. To 

perform sorting procedures, cells were marked with anti-CD90 antibody (a CAF-specific marker, 130-

110-638 Milteny Biotec) and EpCAM (marker of epithelial/cancer cells, 130-111-002, Milteny Biotec), 

then the separation of positive cells was performed with a sorter (BD FACSMelody™ Cell Sorter, 

USA) and collected in PBS-0.5%BSA-1mM EDTA at 4 °C. 

Evaluation of HLA-DR Expression 

100000 sorted cells were used for each measurement. CAF CD90 positive cells or EpCAM-

HNSCC positive cells were incubated for 45 min at 4 °C with 2 µL of HLA-DR antibody (BD 

Horizon™ BV786 Mouse Anti-Human HLA-DR, 564041, BD Biosceince). After washing with PBS, the 

percentage of HLA-DR positive cells were analyzed by flow cytometry (CytoFLEX, Beckman 

Coulter). Analysis of the obtained results was performed using CytExpert 2.4.0.28 (Beckman Coulter). 

HPV Detection and Genotyping 

HPV DNA detection was performed using the HybriSpot HPV Direct Flow Chip kit (Master 

Diagnostica, Granada, Spain) according to the manufacturer’s recommendations. A total of 200-ng 

DNA were utilized for each reaction. The HybriSpot HPV Direct Flow Chip detects the following 

high-risk HPV genotypes: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82. 

DNA Detection 

Two to four 10-µm unstained sections from the FFPE blocks were collected in nuclease-free 

microcentrifuge tubes. Established precautions were followed to mitigate the contamination of the 

sections obtained for total DNA extraction. Following deparaffinization and proteinase K digestion 

overnight at 56 °C, total DNA was extracted using the Qiagen FFPE extraction kit (Qiagen, Hilden, 

Germany) according to the manufacturer’s instructions. The quality of the DNA extracted was 

assessed with a Biodrop µLite spectrophotometer (Biodrop LTD, Cambridge, UK). The absorbance 

ratios were used as quality indicators as follows: A260nm/A280nm (ca. 1.8 for pure DNA) and 

A260nm/A230nm (ca. 2.0–2.2 for pure DNA). The DNA was quantified using the Qubit dsDNA Broad 

Range Assay or Qubit dsDNA High Sensitivity kit and a Qubit 3.0 fluorometer (Life Technologies, 

Thermo Fisher Scientific, California, USA) according to the manufacturer’s recommendations. Lastly, 

the DNA integrity and functionality were determined by the amplification of a 205 base-pair human 

β-globin gene fragment, using conventional PCR and gel electrophoresis. 

Statistical Analysis 

Descriptive statistics were used to summarize clinical and experimental data. Continuous 

variables were reported as means and standard deviations (SD) or medians and first-third quartile, 

as appropriate. Categorical variables were summarized with absolute and percentage frequencies. 

The Wilcoxon signed-rank exact test for paired data was used to analyze the presence of HLA-

DR in both normal and neoplastic tissues in the experimental samples. TCGA data were used to 

validate our findings and evaluated via unpaired t-test with Welch’s correction, when necessary. In 

particular, we analyzed relative protein expression levels (CPTAC, Clinical Proteomic Tumor 

Analysis Consortium) of HLA-DR and PD-L1 in normal and HNSCC specimens. Correlation between 

HLA-DR and PD-L1 mRNA expression levels in the TCGA cohort was assessed by Pearson’s 

correlation coefficient (r). 

To evaluate the prognostic value of HLA-DR and PD-L1, survival analyses were conducted 

using Cox proportional hazards regression models. Univariable analyses were first performed to 

assess the association of HLA-DR and PD-L1 expression with overall survival (OS). Multivariable 

Cox regression models were then applied, incorporating HLA-DR and PD-L1 expression while 
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adjusting for potential confounders, including age, sex, and disease stage. Hazard ratios (HR) with 

95% confidence intervals (CI) and corresponding p-values were reported. 

A p < 0.05 was considered statistically significant. All analysis were conducted using GraphPad 

Prism 7.04 (San Diego, CA, USA) and R software (version 4.4.0, 2024-04-24) for Windows. 

3. Results 

Clinical features of five patients enrolled in the present study are listed in Table 1. 

HPV detection was negative for all cases. We harvested primary cell cultures from biopsies of 

all patients obtaining epithelial cancer cells, CAFs and normal fibroblast from healthy tissue (far at 

least 3 cm from macroscopic tumor). As shown in Figure 1 the purity of the cell preparation by 

immunofluorescence staining was confirmed: α-SMA (α smooth muscle actin) was used as fibroblast 

marker, FAP (fibroblast activating protein) as CAF marker and Cytokeratin as epithelial marker for 

cancer cells. 

 

Figure 1. Immunofluorescence analysis. Representative pictures of immunofluorescence analysis of the 

indicated proteins (green: Cytokeratin and FAP immunostaining; red: SMA immunostaining) in HNSCC, CAF 

and Fibroblast cells. Nuclei are counterstained with DAPI (blue). Scale bar: 50 µm. 

In order to evaluate HLA-DR expression in these primary cultures we performed Fluorescence-

Activated Cell Sorting (FACS) analysis. HLA-DR levels in tumor cells, as depicted in Figure 2 (A, B), 

exhibited a high degree of variability across different patients ranging from 2.4 to 53%. Therefore, the 

confirmation of our previous finding adopting a different detection method, strengthens the validity 

of this observation. 
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Figure 2. (A) Flow cytometry plots identifying % of HLA-DR+ subpopulations from tumor cells (HNSCC), 

normal fibroblast and CAF=cancer activated fibroblast; Pt5= a representative patient. (B) Bar graphs of HLA-DR+ 

abundance (%) in Fibroblasts (normal fibroblasts), CAF (cancer activated fibroblast) and tumor cells (HNSCC). 

Pt = patient. 

To analyze HLA-DR expression in the tumor microenvironment (TME), we compared HLA-DR 

levels in cancer-associated fibroblasts (CAFs) and normal fibroblasts (Figure 2 A, B). The % of positive 

HLA-DR cells span from 0.5 to 3.7 in normal fibroblast while in CAFs range from 5.9 to 13.6, with no 

statistically significant difference (P=0.063). 

Validation in a larger cohort was performed using TCGA data. As shown in Figure 3A, HLA-

DR protein levels were significantly higher in HNSCC tumor tissues (T = 109; mean = -0.104 ± 0.698) 

compared with normal tissues (N = 70; mean = -0.599 ± 0.545), with a p between group < 0.0001 

Given previous reports of HLA-DR and PD-L1 co-expression in oropharyngeal squamous cell 

carcinoma, we next assessed PD-L1 protein levels in the same HNSCC dataset. As shown in Figure 

3B, PD-L1 expression was significantly higher in tumor tissues (T = 87; mean = -0.022 ± 0.813) 

compared with normal tissues (N = 57; mean = -0.386 ± 0821) with a p between group of 0.0098. 
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Figure 3. (A, B) Box plot of HLA-DR and PD-L1 protein expression levels in normal (N = 70) and HNSCC (T = 

109) tissues in the Atlas database. *** = p value < 0.0001 for HLA-DR and * = p value 0.058 for PD-L1. (C) Linear 

regression analysis of RNA-seq data of HLA-DR and PD-L1 in HNSCC tumor specimens in the Atlas database. 

*** = p value = 0.0005. (N = 492). 

Correlation analysis of TCGA data was then performed in 492 HNSCC specimens, whose 

baseline characteristics are summarized in Table 2. A significant positive correlation was observed 

between HLA-DR and PD-L1 mRNA expression (r = 0.157, p = 0.0005; Figure 4C). 

Table 2. Characteristics of patients in The Cancer Genome Atlas (TCGA) database. 

 
All 

( N= 492) 

Age 61.1 ± 12.0 

Sex 

Male 

Female 

 

361 (73.4%) 

131 (26.6%) 

Stage 

Missing 

I 

II 

III 

IV 

 

67 (13.6%) 

24 (4.9%) 

69 (14.0%) 

76 (15.4%) 

256 (52.0%) 

Race 

american indian or alaska native 

asian 

black or african american 

white 

missing 

 

2 (0.4%) 

10 (2.0%) 

45 (9.1%) 

421 (85.6%) 

14 (2.8%) 

HLA-DR expression 0.70(0.20-89.70) 

PDL1 expression 2.90 (1.40-6.25) 

Finally, we evaluated the prognostic impact of HLA-DR and PD-L1 expression on overall 

survival (OS) in the TCGA cohort. In univariable Cox proportional hazards models, neither HLA-DR 

(HR: 0.674; 95% CI: 0.352–1.292; p = 0.235) nor PD-L1 (HR: 0.975; 95% CI: 0.840–1.130; p = 0.733) was 

significantly associated with OS. Multivariable analyses adjusted for age, sex, and stage yielded 

consistent results: HLA-DR (HR: 0.613; 95% CI: 0.309–1.216; p = 0.161) and PD-L1 (HR: 1.030; 95% CI: 

0.885–1.199; p = 0.700) did not demonstrate prognostic significance. 
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4. Discussion 

Our study is the first in which pairs of epithelial and mesenchymal cell cultures obtained from 

the same patient are created, representing tissue of tobacco-associated HPV negative OSCC. 

Although HPV infection is a well-established cause of oropharyngeal squamous cell carcinoma 

(SCC), its role in oral SCC remains less clear, with lower infection rates observed [4]. 

HLA-DR levels in tumor epithelial cells exhibit a high degree of variability across different 

patients ranging from 2.4 to 63%. Here, the confirmation of our previous finding using a different 

detection method strengthens the validity of this observation [18]. 

HLA-DR is an antigen belonging to MHC II which was discovered in the 1980s and was then 

neglected to the detriment of studies on the PD-1 and PDL-1 antigens of MHC I. Today, great interest 

is being rediscovered in the expression of HLA-DR due to its possible role as a biomarker of the 

individual response of patients affected by OSCC to treatments adjuvant surgery. Further studies 

will be necessary to evaluate which molecular mechanisms induce the expression of HLA-DR in oral 

cancer and in what way they interfere with tumor growth. 

It will be interesting to investigate if HLA-DR expression is different between HPV negative and 

HPV positive OSCC, as it happens for the reduced MHC Class II expression in HPV negative vs HPV 

positive oropharyngeal and cervical cancers [25,26]. 

Opposite to oropharyngeal epithelial HLA-DR + HPV + culture cells, in our experience with HPV 

- culture cells, HLA-DR expression could not be interpretated as a part of the viral immune response 

where T cells would provoke extensive expression of cytokines including IFNγ, which might 

sequentially promote the MHC-II expression in HPV+ tumor cells [16,27]. 

A fundamental role in the expression of HLA-DR appears to be played by fibroblastic 

mesenchymal cells. It therefore appears important to study not only transformed epithelial cells but 

also mesenchymal cells. 

Quite recently, it has been hypothesized that HLA-DR expression may be involved in the 

modulation of the response to treatment with anti-PD1 and anti-PDL1. In particular, HLA-DR+ 

correlates with a lower response to treatment with anti-PD1 and anti-PDL1, identifying it as an 

unfavorable prognostic marker in immunotherapy treatments [19]. 

PD-L1 is a crucial target for cancer immunotherapy in head and neck squamous cell carcinoma 

(HNSCC). Studies have demonstrated the efficacy of PD-L1-specific helper T-cells in targeting and 

killing tumor cells, suggesting PD-L1’s potential as a valuable immunotherapeutic target in HNSCC 

patients. Co-expression of PD-L1 and HLA-DR has been observed in some oropharyngeal squamous 

cell carcinoma cases, opening ways for targeted immunotherapy [21]. 

Analysis Atlas database [23] revealed increased HLA-DR and PD-L1 expression in HNSCC 

biopsies compared to normal tissues, along with a positive correlation between these two markers in 

cancer samples. 

5. Conclusions 

The findings of this research suggest that the tumor microenvironment can modulate HLA-DR 

expression in both non-antigen-presenting cancer cells and apCAFs. The observed correlation 

between PD-L1 and HLA-DR offers potential insights for developing targeted immunotherapy 

strategies in HNSCC. Further research is needed to evaluate the prognostic significance of 

microenvironment-associated HLA-DR expression in non-antigen-presenting OSCC cells and CAFs, 

particularly concerning the efficacy of PD-1/PD-L1 inhibitor immunotherapy in primary OSCC. 
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