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Oral Squamous Cell Carcinoma (OSCC) is the most common malignant tumor of the oral cavity. Despite recent advances in the field of oral cancer therapy, including the introduction of immunotherapeutic approaches, the 5-year survival rate remains steadily assessed around 50%. Thus, there is an urgent need for new therapeutic strategies. After the characterization of the immune phenotype of three human OSCC cell lines (CAL-27, SCC-25, and SCC-4) and one mouse OSCC cell line (MOC2) showing their similarities to resected patient tumors, we explored for the first time an experimental preclinical model of therapeutic vaccination with mouse OSCC MOC2 cell line stably expressing MHC class II antigens after CIITA gene transfection (MOC2-CIITA). Mice injected with MOC2-CIITA reject or strongly retard tumor growth; more importantly, vaccinated animals that fully reject MOC2-CIITA tumors display anti-tumor immunological memory protective against challenge with parental MOC2 tumor cells. Further experiments of adoptive cell transfer or in vivo cell depletion show that both CD4+ and CD8+ T lymphocytes prove fundamental in tumor rejection. This unprecedented approach for oral cancer opens the way for possible future translation of novel immunotherapeutic strategies to the human setting for the treatment of this tumor.
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1 Introduction

Oral Squamous Cell Carcinoma (OSCC) accounts for 90% of malignancies of the oral cavity and originates from the malignant transformation of keratinocytes, the cells which constitute the epithelium of the mucosal lining of the mouth (1). With 377,713 new cases recorded in 2020, OSCC represents the 16th most common malignancy worldwide and the most representative in the group of head and neck squamous cell carcinoma (HNSCC) (2). Major risk factors for OSCC are well established in the literature and include tobacco, alcohol, and betel quid consumption, but 10–15% of patients develop cancer even if they have not been exposed to traditional risks (3–6). In addition, there is an alarming increase of the incidence of oral cancer in younger subjects, and this trend is not related to Human Papilloma Virus (HPV) infection as described in Oropharyngeal cancer (7). Current treatment options include surgery, radiotherapy and/or chemotherapy and are associated with significant impairment of the quality of life for survivors. Despite recent advances in the field of cancer therapy, in the last decades the 5-year survival rate of oral cancer remained steadily assessed around 50%, with 177,757 deaths recorded in 2020 (2). Locally advanced and unresectable, recurrent and/or metastatic OSCC shows poor prognosis, with short overall survival (8). New therapeutic strategies are thus urgently needed for this form of cancer.

Recently, immunotherapeutic approaches based on the optimal stimulation of anti-tumor immunity have been considered with particular attention (9). For example, treatments with antibodies specific for immune checkpoints (immune checkpoint inhibitors or ICI) expressed on effector T cells (i.e., programmed cell death protein 1 or PD-1) and antigen presenting cells (APC) and, importantly, often on tumor cells (i.e., programmed death ligand 1 or PD-L1) have obtained unprecedented positive results, particularly in metastatic melanoma and non-small cell lung cancer (NSCLC) (10). However, it is becoming clear that even ICI do not work with all tumors, and within the same tumor they still present unclear variability (11, 12). Additional treatments which would take into account also the initial triggering of the anti-tumor immune response are thus under study (13).

Within this frame, attempts have been made to use peptide vaccines targeted mainly at the stimulation of tumor-specific Major Histocompatibility Complex (MHC) class I-restricted CD8+ cytotoxic T lymphocytes (CTL), the major effectors of anti-tumor responses (14). MHC class I (MHC-I) molecules are expressed on the surface of most mammalian cells, including tumors, and play a pivotal role in the presentation of intracellularly synthesized antigens to CTLs (15). Being the CD8+ CTLs the final effectors of the adaptive anti-tumor immune response, it is expected that the expression of MHC-I molecules in tumor cells represents one of the most important parameters associated with the efficacy of the immune response itself. Indeed, lack or reduced expression of MHC-I molecules in tumor cells, including the case of OSCC, is often associated with tumor escape from the immune system (16, 17). However, as reported in preliminary studies, MHC-I-based peptide anti-tumor vaccination approach has encountered critical difficulties in stimulating and maintaining the CTL response against tumors (18).

These results suggest reconsidering the main cellular and molecular components that should be primarily activated in an optimal anti-tumor immune response, i.e., the CD4+ T helper lymphocytes (TH) (13). Indeed, without triggering of TH cells, a prolonged effector CTLs response cannot be maintained. However, TH cell antigen recognition is restricted by MHC class II (MHC-II) molecules that, differently from MHC-I antigens, are constitutively expressed only on few cell types, particularly B-cells and APC, like dendritic cells and macrophages (19). Of note, other cell types, including tumor cells, may express MHC-II molecules under the induction of inflammatory cytokines, such as interferon-γ (IFN-γ) (20). In tumors, especially in those of epithelial origin, MHC-II expression is not a common event but when present is usually associated with a better clinical prognosis (21). MHC-II expression in cells, including tumor cells, is under the control of the class II transactivator (CIITA), identified for the first time by our research group (22).

Based on this evidence, we previously demonstrated that MHC-II-negative tumors could express MHC-II molecules upon CIITA gene transfection (23, 24). Indeed, it was shown that CIITA-driven MHC-II-expressing tumor cells can play the role of surrogate APC for their own tumor antigens and trigger an adaptive response in vivo capable to reject the tumor as result of stimulation of tumor-specific TH cells which in turn is accompanied by a drastic modification of the tumor microenvironment (25).

Toward the goal to apply for OSCC possible strategies of therapeutic vaccination, in this study we preliminary characterized by immunohistochemistry (IHC) the immune component of tumor microenvironment and the immunophenotype of tumor tissues resected in a cohort of OSCC patients who underwent surgical treatment in our Hospital, ASST dei Sette Laghi, Varese. The tumor immunophenotype was compared to the cell surface phenotype of three human OSCC cell lines (CAL-27, SCC-25, SCC-4) and one mouse OSCC cell line (MOC2). We found that the cell lines mirrored the phenotype of OSCC cells observed in patients, particularly as in relation to the expression of MHC-I and MHC-II, as well as PD-1 and PD-L1. These studies were prodromic to investigate for the first time in an animal experimental model of OSCC our approach of tumor vaccination with CIITA-transduced MHC-II-positive tumor cells.

We demonstrate that CIITA-OSCC cells are potent stimulators of an adaptive immune response that protects the mouse from tumor onset or significantly retards tumor growth. Of note, CIITA-OSCC vaccinated animals that reject the tumor develop an anti-tumor immunological memory capable of rejecting or strongly counteracting challenges with parental OSCC tumor cells. Further experiments of adoptive cell transfer or in vivo cell depletion showed that both CD4+ and CD8+ T lymphocytes prove fundamental in tumor rejection.

Taken together, these results represent the first evidence that a protective adaptive immune response against OSCC, the most frequent tumor of the oral cavity, may be elicited in vivo by inducing the tumor cells to express MHC-II molecules in a CIITA-dependent manner. Our findings are discussed within the frame of possible novel strategies of combined immunotherapy for OSCC. Indeed, they open the way to possible future translation of this approach to the human setting, alone or in synergy with immune checkpoint blockade for the treatment of oral cancer.




2 Materials and methods



2.1 Immunohistochemical study

Formalin-fixed paraffin-embedded (FFPE) samples of 23 OSCC patients who underwent surgical treatment from 2008 to 2013 in our university hospital (ASST dei Sette Laghi, Varese) were retrieved from the files of the Unit of Pathology. Included cases were reviewed by two expert pathologists according to the 8th Edition of the American Joint Committee on Cancer (AJCC) Staging Manual and the 5th Edition of the World Health Organization (WHO) Classification of Head and Neck Tumors (26, 27). All included cases were HPV-negative, conventional-type OSCC and provided a sufficient number of tissue slides to perform immunohistochemistry (IHC) reactions in the current study. The protocol was approved by the Institutional Ethical Committee (Comitato Etico dell'Insubria, protocol n° 19/2018).

The following clinical data were retrospectively collected for each included patient: age, sex, cervical lymph node metastasis (LN metastasis) and stage at diagnosis, and 5-year cancer-related death (CRD).

Firstly, we evaluated the degree of tumor lymphoid infiltration in hematoxylin-eosin staining slides by counting the number of lymphocytes infiltrating the tumor epithelial nests per High Power Field (HPF), and a score from 0 to 2 was defined for each case, with score 0 = no or few cells (i.e., less than 5 cells per HPF); 1 = low-moderate number of cells (between 5 and 20 cells per HPF); and 2 = high number of cells (i.e., 20 cells or more per HPF). The immune infiltration was also evaluated in the tumor stroma among epithelial nests and along tumor growth front, and the stromal area occupied by immune cells was scored from 0 to 2, with score 0 = none or low infiltration (less than 1% of stromal area); 1 = moderate infiltration (from 1 to 10%); and 2 = high infiltration (at least 10%).

The presence of T lymphocytes and monocytic-macrophage cells in both tumor epithelial nests and stroma was evaluated with appropriate staining with antibodies for specific markers: anti-CD4+ for TH (Ventana, rabbit, clone SP35), anti-CD8+ for CTL (Ventana, rabbit, clone SP57), and anti-CD68+ for monocyte-macrophages (DAKO, mouse, clone 1G12) (28).

Consistently with our aim, the phenotypic characterization of MHC-I and MHC-II expression was assessed on tumor cell surface and compared with the patients' clinical outcomes and the immune infiltration. In the same manner, the immune checkpoints PD-1 and PD-L1 were measured in tumor and stromal compartments. Of note, PD-L1 expression was measured both by the internationally recognized Combined Positive Score (CPS) and, separately, on immune cells and, when present, on tumor cells by the Tumor Proportion Score (TPS) (29).

IHC stainings were performed on 3 µm FFPE sections deparaffinized and rehydrated through alcohol series to water, as previously described (30). Briefly, endogenous activity was blocked with 3% aqueous hydrogen peroxide for 10 min, antigen retrieval was performed for each antigen in a domestic 750 kW microwave oven with different solutions (EDTA or citrate buffer pH 6.0). Primary antibodies (Supplementary Table S1) were applied overnight at 4°C followed by a polymeric detection system (Ultravision DAB Detection System, LabVision, Värmdö, Sweden) according to the manufacturer's instructions. The immunoreaction was developed with 3.3'-diaminobenzidine tetrahydrochloride (DAB) (Sigma Aldrich, St. Louis, MO, USA) as chromogen.

For each case of OSCC, the MHC-I, MHC-II, and PD-L1 expression was evaluated on tumor cells and scored as summarized in Supplementary Table S2. Briefly, MHC-I expression was scored as low (< 50% of immunoreactive tumor cells), moderate (immunoreactive cells ≥ 50% and < 90%), and high expression (immunoreactive cells ≥ 90%); MHC-II was scored as expressed when positive tumor cells were at least 10%; PD-L1 Tumor Proportion Score (TPS) was considered positive when immunoreactivity was present in at least 10% of tumor cells; PD-L1 Combined Positive Score (CPS) was considered positive when ≥ 1 and scored as highly expressed when it was at least 10. CD4+, CD8+, CD68+, and PD-1 immunoreactivities in tumor epithelial nests and stroma were categorized into low or high expression as reported in Supplementary Table S2.




2.2 Cell lines

Three human OSCC cell lines, CAL-27, SCC-25, and SCC-4, were used for the characterization of the cell surface immune phenotype by immunofluorescence and cytofluorimetry. The three cell lines represent epithelial, adherent squamous cell carcinoma cells obtained from patients affected by tongue cancer (31, 32). CAL-27 cell line was grown in ATCC-formulated Dulbecco's Modified Eagle's Medium (DMEM), supplemented with 10% fetal bovine serum (FBS). SCC-25 and SCC-4 cell lines were grown in 1:1 mixture of DMEM and Ham's F12 medium containing 1.2 g/L sodium bicarbonate, 2.5 mM L-glutamine, 15 mM HEPES and 0.5 mM sodium pyruvate (DMEM:F12), supplemented with 400 ng/mL hydrocortisone and 10% FBS. SCC-4 cells were grown on ATCC 56-X.2™ feeder layer, MITC-STO cells, and the feeder cells (murine fibroblasts) were plated 24 hours before use at 2x106/T75 in order to obtain a 30% confluent monolayer.

The mouse OSCC cell line MOC2 was used for the animal model of OSCC described in this study (33).

This cell line shows an aggressive growth phenotype (i.e., ability to form tumors with injection of as few as 10,000 cells) and is derived from a chemokine receptor CXCR3-deficient mouse on a pure C57BL/6 background (34). The MOC2 cell line was cultured in specific medium, following manufacturer's instructions. Briefly, for each Liter of medium, a 2:1 mixture of 626 mL Iscove's Modified Dulbecco's Medium (IMDM) and 313 mL Ham's nutrient mixture F10-F12, supplemented with 50 mL FBS and 10 mL Penicillin-Streptomycin was filtered in 1L filter flask. Finally, 1 mL of 5mg/mL Insulin, 800 μL of hydrocortisone solution, and 5 μL of Epidermal Growth Factor were added to the medium.

Detailed references of cell lines and reagents used in this study are reported in Supplementary Table S3.




2.3 Immunofluorescence, FACS analysis, and IFN-γ treatment

The cell surface expression of MHC-I, MHC-II, PD-1 and PD-L1 molecules was assessed by immunofluorescence and flow cytometry (BD FACSAria™ II Cell Sorter). Briefly, cells were washed twice with PBS, dissociated with trypsin-EDTA, and resuspended in complete medium. Cells were pelleted at 800 x g for 5 min, washed, the supernatant was discarded, and the pellet resuspended in PBS for FACS analysis. The following monoclonal antibodies were used as primary antibodies for the immune phenotype characterization of human OSCC cell lines (CAL-27, SCC-25, SCC-4): B9.12.1 anti-MHC-I (35) and D1–12 anti-MHC-II (DR) (36) used as hybridoma supernatants, followed by goat anti-mouse FITC, CD279 anti-PD-1 (clone EH12.2H7) PE, and CD274 anti-PD-L1 (clone 29E.2A3) PE, as previously described (Supplementary Table S4) (37, 38).

3x105 OSCC cells were plated in 6 multi-well plates and treated with 500 U/mL of IFN-γ or with its vehicle. Seventy-two hours after treatment, the cells were collected and analyzed by immunofluorescence and flow cytometry, as indicated above. As positive and negative controls, RA and HepG2 cell lines were used, respectively. RA is a glioblastoma cell line that expresses MHC-I but not MHC-II molecules on cell surface. However, after in vitro stimulation with IFN-γ, cell surface MHC-II expression is induced, as described in previous experiments (39). Conversely, HepG2 is a hepatocarcinoma cell line whose MHC-II expression on cell surface remains negative after IFN-γ treatment, due to hypermethylation of the CIITA promoter IV (CIITA pIV) region, as previously demonstrated (38).

The cell surface expression of MHC-I (H2 MHC class I), MHC-II (I-A/I-E), PD-1 and PD-L1 molecules was assessed in murine MOC2 OSCC cell line by immunofluorescence and flow cytometry at baseline and 72 hours after IFN-γ treatment (1,000 U/mL), as previously described for human OSCC cell lines. The following antibodies were used for analysis: M1/42 anti-H2 MHC class I FITC, M5/114.15.2 anti-I-A/I-E PerCP Cyanine5.5, CD279 anti-PD1 (clone J43) PE, and CD274 anti-PD-L1 (clone MIH5) PE (Supplementary Table S4).

The data were analyzed by using FlowJo 9.5.2 software.




2.4 Animal model and study design

To test the efficacy of the MHC-II-based vaccination strategy in OSCC, we performed an in vivo experiment in a syngeneic mouse model (C57BL/6, H-2b genotype, Charles River Laboratories Italia srl, Calco, Italy) (25). Briefly, we generated by genetic transfer stable MHC-II-expressing MOC2 tumor cells in vitro and injected them subcutaneously (s.c.) in mice to assess tumor rejection and/or tumor growth retardation compared with parental tumor cells. Following analyses included adoptive cell transfer and in vivo cell depletion experiments to better describe the role of CD4+ and CD8+ T lymphocytes in the immune response elicited against tumors.

Each experiment was repeated at least twice using five to eight mice per group.

All animal experiments were conducted according to relevant national and international guidelines and were approved by the local Animal Welfare Ethical Committee (OPBA) and by the Italian Ministry of Health (protocol n° 249/2022-PR).




2.5 Plasmid

CIITA cDNA was excised with EcoRI digestion from pcf-CIITA1–1130 and cloned by ligation into EcoRI-cleaved pAIP vector (Addgene), as previously described (40).




2.6 Generation of stable MHC-II-expressing MOC2 cell line (MOC2-CIITA)

MOC2 tumor cells were transfected with 3 μg of flag-CIITA (pAIP-fCIITA) expression vector or with pAIP empty vector (mock) by using FuGENE® HD Transfection kit (Promega, cat n° E2311), as previously described (41).

Both mock and CIITA-transfected MOC2 cells underwent puromycin selection at the concentration of 1.5 μg (Sigma Aldrich, cat n° P9620). For CIITA-transfected MOC2 cells, MHC-II-positive cells were enriched by fluorescence-activated cell sorting with a BD FACSAria™ II cell sorter and subjected to limiting-dilution cloning. The expression of the pAIP empty vector in MOC2-mock cells was assessed by RT-PCR by using the following primers to amplify Puromycin resistance cassette: forward, 5'-gcaacctccccttctacgagc-3'; reverse, 5'-gtgggcttgtactcggtcat-3'.




2.7 Vaccination and challenge

Syngeneic C57BL/6 female mice (H-2b) 7–8 weeks old were injected s.c. with 1x105 cells/mL of either MOC2 CIITA-transfected tumor cells (MOC2-CIITA) or MOC2 parental tumor cells (MOC2-pc) or pAIP-transfected MOC2 cells (MOC2-mock). The expression of CIITA-driven MHC-II molecules was confirmed the day of the injection by immunofluorescence and flow cytometry, as described above.

Tumor growth along with the overall health condition of the mice were checked at least twice a week. The tumors were measured weekly using a caliper and registered in mm2.

The mice that did not show any tumor growth after injection with MOC2-CIITA were challenged with a s.c. injection of 1x105 MOC2-pc and the tumor size was measured as above.

Each experiment was repeated at least twice using 5–8 mice per group.




2.8 Ex-vivo tumor analysis

Primary subcutaneous OSCC tumors were isolated and collected in DMEM 4 weeks after implantation. Mouse tumors were then diced into pieces measuring 2–4 mm. Tissue suspension was further broken down with mouse tumor dissociation kit (Miltenyi, cat n° 130–096-730) and gentleMACS™ Dissociator (Miltenyi, cat n° 130–093-235), following the manufacturer instructions.




2.9 Adoptive cell transfer

Spleens from challenged vaccinated mice that did not show parental tumor growth after 4 weeks from injection were harvested and processed. A single cell suspension was obtained and used to purify CD4+ and CD8+ T cells by CD4+ and CD8a+ Mouse T Cell Isolation Kit (Miltenyi Biotec GmbH, Cat n° 130–095-248/130–095-236, respectively). The purity of the selected cells was confirmed by flow cytometry using 145–2C11 anti-CD3e+ (BD, cat n° 553066), RM4–5 anti-CD4+ (BD, cat n° 550954), and 53–6.7 anti-CD8a+ (BioLegend, cat n° 100711) antibodies (25). At the same time, normal splenocytes were obtained from naïve C57BL/6 female mice of the same age.

Naïve female mice, 7–8 weeks old, were s.c. co-injected with 1x105 MOC2-pc in a 100 μL volume of IMDM without FBS, along with either 1x107 total immune splenocytes, CD4+ T cells, CD8+ T cells, or total naïve splenocytes as a control, in a tumor:immune cells ratios of 1:50, 1:15, 1:10, and 1:50, respectively.

The experiment was repeated at least twice using 5–8 mice per group. The mice under experimentation were followed for 4 weeks and the data were recorded as described before.




2.10 In vivo cell depletion

Eight-week old mice were injected intraperitoneally (i.p.) -9, -7, -5, -2, -1 days prior to tumor injection (day 0) and +2, +5, +7 days after, with 100 μL/injection of anti-CD4+ (aCD4 GK 1.5) or anti-CD8+ (aCD8 2.43.5) antibodies, or with control rat polyclonal Ig (24). For CD4+ depletion we performed an additional injection at day -12. To verify the efficacy of the procedure before tumor injection, CD4+ and CD8+ T cells depletion was tested by immunofluorescence and flow cytometry on splenocytes derived from treated mice, incubated with anti-mouse CD4+ and anti-mouse CD8+ antibodies, and compared with splenocytes isolated from untreated mice.

Treated and untreated mice were injected s.c. with either 1x105 MOC2-CIITA or MOC2-pc at day 0. The size of the tumor was measured weekly, as described before.




2.11 Statistical analysis

The hypothesis of independence between categorical variables was tested by Chi-square test or Mann-Whitney test. Variables were considered dependent when p ≤ 0.05.

The other analyses were performed using GraphPad Prism 10 (GraphPad Software, http://www.graphpad.com), and the multiple unpaired Student's t-test was conducted to determine significance.

Comparisons between groups were considered statistically significant when the corresponding p-value was ≤ 0.05.





3 Results



3.1 Recruited population and histopathological assessment

The 23 patients affected by OSCC were 13 males and 10 females, with a mean age of 72.52 ± 12 years, without differences between the sexes (p=0.217). All the included samples were HPV-negative, conventional-type OSCC (Table 1A).


Table 1 | Epidemiological profile of oral cancer patients (A) and correlations between immune cell infiltration and clinical outcomes (B).



Based on AJCC and WHO updated diagnostic criteria, the oral cancer samples analyzed were at different stage of tumor progression. Seven patients showed LN metastasis at diagnosis, while six died within 5 years for cancer-related disease (CRD). Among deceased patients, three did not show LN metastasis at diagnosis and developed recurrent disease after primary treatment.

Based on the presence of immune cellular infiltrate in tumor epithelial islands and stroma, tumors were classified as 0, 1+, and 2+ (see Materials and Methods). The degree of cellular infiltration in tumor epithelial nests did not correlate with either LN metastasis at diagnosis (p=0.530) or 5-year CRD (p=0.343) (Table 1B). A similar trend was observed in relation to the degree of inflammation in the stroma (LN metastasis p=0.533; 5-year CRD p=0.666).




3.2 MHC-II but not MHC-I expression on tumor cells correlates with CD4+ and CD8+ T-lymphocyte infiltration in tumor tissue

The expression of both MHC-I and MHC-II molecules was assessed on OSCC tumor tissues by IHC, as stated in Materials and Methods.

MHC-I antigens were detectable on tumor cells in all 22 analyzed samples; one sample was not evaluable due to exhaustion of tumor area. However, the expression of MHC-I staining was variable, with 7, 7, and 8 patients showing low, moderate, and high degree of expression, respectively (Table 2). The level of MHC-I expression did not statistically correlate with clinical outcomes, even though low MHC-I expression levels were associated with a higher incidence of LN metastasis at diagnosis and more advanced stage of disease. Indeed, in patients with stage IV oral cancer MHC-I molecules were significantly hypoexpressed on tumor cells (p=0.025, Table 2).


Table 2 | Correlations between MHC-I and MHC-II molecule expression on tumor cells and clinical outcomes.



MHC-II-positive tumor cells were found in 43.5% of the recruited patients (10 out of 23), particularly in females (p=0.024, Table 2). As observed for MHC-I, MHC-II expression level on tumor cells did not correlate with either LN metastasis at diagnosis (p=0.074) or 5-year CRD (p=0.708, Table 2).

We then assessed whether a correlation existed between MHC molecules expression on tumor cells and the presence of specific immune cell infiltration in tumor epithelial nests and stroma (Table 3). We did not find statistically significant correlations between MHC-I molecule expression and tumor epithelial nest infiltration, considering both total immune infiltrate (p=0.263) and specific cell subpopulations (CD4+ p=0.325; CD8+ p=0.970; CD68+ p=0.137). Similar findings were observed in the stroma (total immune cells p=0.575; CD4+ p=0.911; CD8+ p=0.537; CD68+ p=0.911) (Table 3).


Table 3 | Correlations between MHC antigens expressed on tumor cells and infiltration of both total and specific cell subpopulations in tumor epithelial tissues and stroma.



Interestingly, although MHC-II expression did not statistically correlate with the total immune cell infiltrate in tumor islands (p=0.097), it strongly correlated with a high presence of both CD4+ TH (p=0.047) and CD8+ CTL (p=0.012), but not with CD68+ cells (p=0.099) (Table 3, Figure 1). As for the stroma, MHC-II expression on tumor cells was associated with the presence of high total immune cells (p=0.026) and high CD4+ TH (p=0.026), but not with CD8+ CTL (p=0.072) and CD68+ cells (p=0.062) (Table 3).




Figure 1 | MHC-II-positive OSCC tumors are "hot" tumors with specific infiltration of both CD4+ TH and CD8+ CTL with respect to the "cold" MHC-II-negative tumors. Haematoxylin-eosin (HE) staining of two examples of MHC-II-negative and MHC-II-positive tumors (HE). The tumor tissue of the MHC-II-positive OSCC showed infiltration by immune cells, mainly lymphocytes. IHC staining of MHC-I antigens revealed that tumor cells in both MHC-II-negative and MHC-II-positive tumors expressed MHC-I molecules, with variable degree of intensity, i.e., moderate and high expression, respectively (MHC-I). On the other hand, IHC staining for MHC-II antigens clearly showed the absence of MHC-II expression in MHC-II-negative OSCC and a high expression of these molecules on the cell surface of MHC-II-positive OSCC (MHC-II). A significant infiltration of CD4+ TH cells was detected in tumor tissues of the MHC-II-positive OSCC, as opposed to MHC-II-negative OSCC (CD4). Similarly, the infiltration of CD8+ CTL cells was detected in MHC-II-positive OSCC tumor tissues, but not in MHC-II-negative OSCC (CD8). (200X original magnification, scale bar 100 μm).






3.3 PD-L1 molecule is co-expressed with MHC-II molecules on OSCC tumor cell surface

To further characterize the expression of immune markers of relevance for immunotherapy approaches, we analyzed the presence of immune checkpoint PD-1 and its major ligand PD-L1.

PD-1 was expressed on the surface of immune cells intermingled among tumor epithelial cells and infiltrating the stroma. On the other hand, PD-L1 was present on both immune and tumor cells. In particular, 11/23 (i.e., 47.8%) tumors showed PD-L1 expression on tumor cells (TPS mean: 49.09 ± 24.06%) whereas CPS score, which includes PD-L1 expression both in tumor and immune cells, was positive in almost all cases (i.e., 19/20), with high expression detected in 13/19 patients (CPS mean: 40.3 ± 34.84).

We next investigated a possible correlation between the expression of the immune checkpoints on immune cells (PD-1) and tumor cells (PD-L1) and the clinical outcomes (Table 4A). The expression of these molecules did not correlate with clinical outcomes, except for PD-1-positive immune cells in tumor nests that correlated with the presence of LN metastasis at diagnosis (p=0.015) (Table 4A).


Table 4 | Correlations between immune checkpoints (PD-1; PD-L1) and clinical outcomes (A), MHC antigens (I and II) expression on tumor cells (B), and specific immune cell infiltration (C).



We next verified whether the expression of MHC-I and/or MHC-II molecules on tumor cells was associated to the presence of immune checkpoints (Table 4B). While there was a higher number of PD-1-positive immune cells in the stroma of MHC-II-positive tumors (p=0.029), this correlation did not exist with MHC-I (p=0.854).

Similarly, the CPS was higher in MHC-II-positive tumors (p=0.033) and was independent from MHC-I antigen expression (p=0.918). At variance with PD-1, PD-L1 expression on stromal cells did not correlate either with MHC-I (p=0.970) or MHC-II molecules (p=0.580). Interestingly, however, most of the PD-L1-positive tumors expressed a high level of MHC-II molecules (p < 0.001) (Table 4B, Figure 2).




Figure 2 | PD-L1 checkpoint molecule is co-expressed with MHC-II-antigens on OSCC tumor cells. Representative MHC-II-negative OSCC in which tumor cells do not express PD-L1 molecule on their surface (MHC-II-neg Tum panel column, 200X, scale bar 100 μm). MHC-II-positive OSCC tumor cells highly express PD-L1 (MHC-II-pos Tum panel column, left, 200X). At higher magnification, the detection of both MHC-II antigens and PD-L1 on the cell membrane of tumor cells became clearly appreciable (MHC-II-pos Tum panel column, right, 600X).



Finally, we correlated the expression of both PD-1 and PD-L1 and the different immune cell subpopulations infiltrating the tumor epithelial nests or present in the stroma (Table 4C). High detection of PD-1 in immune cells infiltrating tumor epithelial islands correlated with the presence of high expression of CD8+ CTL (p=0.003), but not with CD4+ TH and CD68+ cells (p=0.604 and p=0.907, respectively). Similar findings were observed for the stroma (CD8+ CTL p=0.05; CD4+ TH p=0.472; CD68+ cells p=0.591) (Table 4C).

A statistically significant correlation between PD-L1 expression and high total immune cells infiltrating the stroma (p=0.029) was observed, although it was not related to specific T cell subpopulation (Table 4C).




3.4 MHC-II molecules are variably expressed on human OSCC cell lines and can be rescued by IFN-γ

In order to investigate similarities or differences in the cell surface phenotype between OSCC in tumor tissues and in isolated OSCC cell lines, we studied three human OSCC cell lines, namely CAL-27, SCC-25, and SCC-4 (Figure 3).




Figure 3 | MHC-II antigens but also PD-L1 checkpoint molecules are expressed in human OSCC cell lines after IFN-γ treatment. MHC-I, MHC-II, PD-1, and PD-L1 cell surface phenotype analysis of CAL-27, SCC-25, and SCC-4 human oral cancer cell lines was carried out by immunofluorescence and FACS analysis. The first two columns of histograms represent fluorescence profiles of the cells indicated on the left incubated with specific anti-MHC-I and anti-MHC-II (HLA-DR) antibodies followed by incubation with FITC-conjugated anti-mouse antibody as a second reagent. Similarly, the third and fourth columns of histograms display fluorescence phenotype of the cells incubated with specific anti-PD-L1 and anti-PD-1 antibodies, respectively, followed by incubation with PE-conjugated matched isotype control antibody as a second reagent. Cells were either untreated (solid line) or treated with IFN-γ (bold line). Controls (dashed line) were cells incubated with the second reagent only. Mean fluorescence (m.f.) values are expressed in the abscissa as arbitrary units (a.u.).



As far as the MHC cell surface expression, we found that MHC-I molecules were expressed in all three cell lines, although at different levels, mimicking what we observed on tumor tissues. In particular, the MHC-I expression detected on CAL-27 cell line was significantly lower when compared to that of SCC-25 and SCC-4. On the contrary, MHC-II molecules were slightly expressed only on the surface of CAL-27 cells (Figure 3). Again, this result resembled what we observed in human tissues, with a subgroup of patients showing MHC-II-positive tumors.

The expression of MHC genes could be rescued/increased by treatment with the inflammatory cytokine IFN-γ. As far as MHC-I expression, it increased to reach similar levels in all three cell lines after treatment with the cytokine. This was particularly relevant for CAL-27 (Figure 3, bold line). As far as MHC-II, it should be underlined that the IFN-γ-dependent rescuing of MHC-II gene expression is mediated by a direct action on the expression of CIITA, the MHC class II transactivator, which in turn activates the expression of MHC-II genes (20). MHC-II expression could be rescued in all three cell lines although to different extent (Figure 3, bold line), and this correlated to de novo CIITA expression (Supplementary Figure S1).

We next investigated the expression of PD-1 and PD-L1 in the three OSCC cell lines before and after treatment with IFN-γ. As expected, the PD-1 molecule, which is usually expressed by immune cells, was not detected on the cell surface of the OSCC cell lines, neither before nor after treatment with IFN-γ (Figure 3).

In contrast, as we observed in histopathological samples, PD-L1 was differently expressed by the three OSCC cell lines, with CAL-27 and SCC-4 clearly expressing the marker and SCC-25 not in normal cell culture condition. After treatment with IFN-γ, PD-L1 expression was rescued in SCC-25 and upregulated in the other two OSCC cell lines (Figure 3, bold line).




3.5 Establishing an animal model to assess the potential of immune vaccination and immunotherapy against OSCC

Our previous investigations have established the strong potential of an immune vaccination against tumors by using cellular tumor models of various histotype in mice (24, 25, 41). The rational was to render tumor cells MHC-II-positive by genetic transfer of CIITA and then assess the in vivo behavior of CIITA-tumor cells. Given the importance of oral squamous cell carcinoma both as incidence and poor therapeutic armamentarium in human, and the rather scanty availability of experimental systems to assess innovative therapies, we wanted to test whether murine OSCC tumor cells genetically modified to express constitutively MHC-II molecules could be recognized and rejected and/or delayed in their growth when injected into syngeneic immunocompetent recipients.

The murine OSCC cell line MOC2 of H-2b genetic background was first characterized for the cell surface expression of MHC-I and MHC-II, as well as PD-1 and PD-L1. MHC-I antigens were expressed on MOC2 cell surface, while MHC-II molecules were not detectable (Figure 4, MOC2-pc). However, as observed in OSCC human cell lines, IFN-γ treatment upregulated MHC-I expression and induced MHC-II molecules on the cell surface of MOC2 cell line (Figure 4, MOC2-pc, bold line). The expression of MHC-II molecules was driven by the induction of CIITA gene transcription upon IFN-γ treatment (Supplementary Figure S2).




Figure 4 | The phenotype of OSCC MOC2-pc cell line after IFN-γ treatment mirrors the phenotype of human OSCC cell lines, but PD-L1 is not expressed in MOC2-CIITA cells. MHC-I, MHC-II, PD-1, and PD-L1 cell surface phenotype analysis of MOC2 murine oral cancer cell line was carried out by immunofluorescence and FACS analysis. Histograms represent fluorescence profile of the cells indicated on the left incubated with specific anti-MHC-I (H2 MHC class I), anti-MHC-II (I-A/I-E), anti-PD-L1 and anti-PD-1 antibodies, respectively, followed by incubation with specific antibodies as a second reagent. MOC2-pc: MOC2 parental cells (MOC2-pc) immune phenotype reflected results obtained in human OSCC cell lines, i.e., IFN-γ treatment upregulated MHC-I antigens expression and induced the expression of both MHC-II and PD-L1 molecules. Cells were either untreated (solid line) or treated with IFN-γ (bold line). Controls (dashed line) were cells incubated with the second reagent only. MOC2-CIITA: MOC2 tumor cells transfected with CIITA revealed a constitutive expression of MHC-I and MHC-II antigens, while the PD-L1 molecules expression was not induced. Transfected cells were indicated with solid line, while controls (i.e., cells incubated with the second reagent only) with dashed line. Mean fluorescence (m.f.) values are expressed in the abscissa as arbitrary units (a.u.).



As far as the immune checkpoints, PD-1 was not detected either before or after treatment with the cytokine. Differently from what we could observed in OSCC human cell lines, MOC2 cell line did not express PD-L1 molecule (Figure 4, MOC2-pc). However, expression of PD-L1 was clearly induced after treatment with IFN-γ, consistent with what we observed in human cell lines (Figure 4, MOC2-pc, bold line).

MOC2 cell line was selected to be transfected with CIITA and used in in vivo experiments. A transfectant stably expressing CIITA-driven MHC-II cell surface molecules (MOC2-CIITA) was selected by cell sorting. Figure 4 (MOC2-CIITA) shows the MHC-II cell surface expression of MOC2-CIITA compared to the parental untransfected control (MOC2-pc). Of note, MOC2-CIITA transfected cell line did not express PD-L1, differently from results obtained in parental cell line after treatment with IFN-γ (Figure 4, MOC2-pc, bold line). It should be emphasized that stable expression of CIITA in MOC2 tumor cells did not affect their growth rate in vitro (Supplementary Figure S3).

MOC2-CIITA cells were s.c. injected into naïve syngeneic C57BL/6 mice and tumor growth was monitored over time, as previously described. At 4 weeks after tumor injection, MOC2-CIITA tumors were rejected in 40% of mice with respect to their MOC2-pc counterpart (Figure 5A). Importantly, in the remaining 60% of MOC2-CIITA injected mice the kinetics of tumor growth was strongly delayed and after four weeks the average tumor size was seven-fold lower (p<0.0001) compared to parental MOC2 tumors (Figure 5B). Notably, similar findings were obtained when comparing the tumor growth of MOC2-CIITA cells with MOC2 cells stably transfected with pAIP empty vector (MOC2-mock). The expression of pAIP empty vector was assessed by RT-PCR for the presence of Puromycin cassette in MOC2-mock cells compared to MOC2 parental cells (Supplementary Figure S4A, compare lane 2 and 3). Indeed, 50% of MOC2-CIITA injected mice rejected the tumor (Supplementary Figure S4B) and the remaining 50% showed a significant delay in tumor growth compared to MOC2-mock tumor-bearing mice (Supplementary Figure S4C). At four weeks the MOC2-CIITA tumor size was seven-fold lower compared to MOC2-mock tumors (p<0.0001).




Figure 5 | In vivo vaccination with MHC-II-positive OSCC tumor cells (MOC2-CIITA) elicits a strong anti-tumor immune response capable of tumor rejection or growth retardation, and resistant to challenge with parental OSCC tumor cells (MOC2-pc). MOC2-CIITA tumors were rejected or strongly retarded in their growth after s.c injection in C57BL/6 mice (see Materials and Methods). (A) The Kaplan-Meyer curve shows that 40% of mice that were vaccinated with MOC2-CIITA (empty circles) did not develop cancer after 4 weeks, while all animals injected with MOC2-pc parental tumor (full circles) showed tumor development within 3 weeks. Mice were followed for tumor take (ordinate: percent of tumor-free mice) over time (abscissa). (B) MOC2-CIITA (empty circles) and MOC2-pc (full circles) growing tumors were measured for their tumor size (ordinate) over time (abscissa). p-values were obtained via unpaired Student t-test (**p < 0.01; ****p < 0.0001). (C) Animals vaccinated with MOC2-CIITA that did not develop cancer (see panel A) were challenged with MOC2-pc. The Kaplan-Meyer curve shows that 100% of challenged vaccinated animals (crossed open circles) did not develop cancer, while naïve animals injected with MOC2-pc (full circles) showed tumor development within 3 weeks. Mice were followed for tumor take (ordinate: percent of tumor-free mice) over time (abscissa).



To investigate whether the rejection of CIITA-tumors in mice was attributable to the generation of an adaptive immune response that could protect the animals from a challenge with untransfected parental (pc) tumors, MOC2-CIITA tumor-free mice were challenged with MOC2-pc. Results clearly showed that animals immunized and protected from CIITA-tumors fully rejected, in 100% of the cases, the untransfected MHC-II-negative parental tumors (Figure 5C).

Remarkably, in mice in which MOC2-CIITA tumors were delayed in their growth in vivo, the expression of MHC-II molecules was significantly reduced compared to that of MOC2-CIITA cells the day of injection, as demonstrated by FACS analysis of tumor cells isolated from MOC2-CIITA tumors explanted at 4 weeks after injection (Figure 6).




Figure 6 | MHC-II expression is remarkably reduced in MOC2-CIITA tumors explanted 4 weeks after injection. MOC2-CIITA tumors were explanted at 4 weeks after injection and tumor cells were isolated as described in Materials and Methods (ex-vivo). MHC-II expression (solid line) was evaluated by immunofluorescence and FACS analysis in MOC2-CIITA cells the day of injection (MOC2-CIITA in vitro) and in tumor cells isolated from explanted tumors after 4 weeks from injection (MOC2-CIITA ex-vivo). Representative analysis of two MOC2-CIITA bearing mice are shown. Controls (i.e., cells incubated with the second reagent only) were indicated with dashed line. Mean fluorescence (m.f.) values are expressed in the abscissa as arbitrary units (a.u.).



From these results, we conclude that MOC2 tumor cells of aggressive behavior in vivo not only can be rejected or strongly delayed in their growth after de novo expression of CIITA-mediated MHC-II molecules, but also induce an immunological memory capable to confer resistance to challenge with MHC-II-negative parental tumors.

To assess whether protection from tumor growth after vaccination with MOC2-CIITA was associated to a change in the phenotype of T cells with respect to tumor-bearing mice, we have analyzed the spleen cells from animals bearing the MOC2 parental tumor as compared to animals protected by vaccination with MOC2-CIITA. Supplementary Figure S5 shows that MOC2 tumor-bearing mice display a preferential TH2 phenotype, as demonstrated by an increased secretion of IL-4, particularly when stimulated in vitro with MOC2 parental or MOC2-CIITA cells, while MOC2-CIITA vaccinated mice express a preferential TH1 phenotype when stimulated in vitro with either parental MOC2 or, more importantly, with MOC2-CIITA cells. These results suggest a preferential triggering of TH1 responses following vaccination with CIITA-modified tumor cells.

To define more precisely the contribution of the immune cell subpopulations involved in the triggering and maintenance of the protective antitumor response after vaccination with MOC2-CIITA cells, experiments of adoptive cell transfer (ACT) of immune splenocytes were performed (Figure 7). Total spleen cells, purified CD4+ and CD8+ T cells derived from mice that had rejected MOC2-CIITA and further rejected MOC2-pc after challenge, were selectively co-injected with MOC2-pc into naïve C57BL/6 mice. The ratio of tumor cells versus total splenocytes, CD4+ and CD8+ T cells was 1:50, 1:15, and 1:10 respectively, to mimic the relative proportion of the various lymphocyte subpopulations of the spleen. Tumor growth in the distinct groups of mice was followed for 4 weeks.




Figure 7 | Adoptive cell transfer of immune CD4+ and/or CD8+ T lymphocytes from vaccinated to naïve animals confers resistance to tumor development or strongly reduces tumor growth rate. (A) Total splenocytes (open hexagons), CD4+ T cells (asterisks), CD8+ T cells (full rhombuses) of MOC2-CIITA vaccinated mice fully rejecting the tumor (immune), or naïve splenocytes (full squares) were co-injected with parental MOC2-pc tumor cells into naïve recipients and tumor growth was followed over time. Kaplan-Meyer curve shows results in terms of observed percentage of tumor-free mice (ordinate) over time (abscissa). (B) The size of tumors developing in mice receiving adoptive cell transfer of immune splenocytes (open hexagons), CD4+ T cells (asterisks), CD8+ T cells (full rhombuses) as described in (A) or naïve splenocytes was measured over time (abscissa) and reported in square millimeters (mm2) in the ordinate. p-values were obtained via multiple unpaired Student t-test for total immune splenocytes (week 2: p < 0.0001, week 3: p < 0.001, week 4: p < 0.0001), purified immune CD4+ splenocytes (week 2: p < 0.001, week 3: p < 0.01, week 4: p < 0.001) and purified immune CD8+ splenocytes (week 2: p < 0.001, week 3: p < 0.01, week 4: p < 0.0001), as compared to naïve splenocytes.



Importantly, immune CD4+ T cells were able to strongly reduce MOC2-pc tumor growth in 89% of the animals and confer tumor protection in the remaining 11% of mice (Figure 7). Virtually superimposable results were obtained by ACT with immune CD8+ T cells. Interestingly, the protective effect of immune CD4+ and CD8+ T cells was comparable to the effect obtained with total immune spleen cells, further reiterating the importance of both T cell subpopulations in the anti-tumor response (Figure 7).

To provide further support to the role of T cells in protecting the mice from MOC2 tumor growth in vivo, we induced depletion of either CD4+ or CD8+ T cells by treating naïve mice with specific monoclonal antibodies, as described in Materials and Methods. As control, naïve mice were treated with irrelevant, isotype-matched monoclonal antibodies. Depletion of the relevant T cell subpopulation was measured by immunofluorescence and FACS analysis in spleen cells of sample mice (Supplementary Figure S6). It should be noted that while the depletion of CD8+ T lymphocytes was complete, treatment with the specific antibody resulted in an approximate 50% reduction of CD4+ T lymphocytes (Supplementary Figure S6). Treated mice were then injected with the same number of MOC2-CIITA tumor cells capable to induce protection and/or strong retardation in tumor growth, as described above (see Figure 5). Interestingly, while depletion with control antibody did not affect the protective immune response of the mice injected with MOC2-CIITA, depletion of CD4+ T cells and CD8+ T cells drastically reduced the immunogenic and protective effect against MOC2-CIITA tumors. Indeed, at four weeks post-tumor injection, mice depleted of CD4+ or CD8+ cells developed tumors, unlike MOC2-CIITA-injected mice, where 25% of the animals remained tumor-free (Figure 8A). The mean tumor size was 3.8-fold and 10-fold larger respectively as compared to that of control group (CD4+-depleted p<0.0001, CD8+-depleted p<0.000001) (Figure 8B). The less marked loss of protection observed after depletion of CD4+ T cells as compared to depletion of CD8+ T cells is most likely due to the residual presence of CD4+ T cells after the depletion treatment with the anti-CD4+ monoclonal antibody used for this experiment (Supplementary Figure S6).




Figure 8 | In vivo depletion of both CD4+ or CD8+ T cells nullifies the immune response elicited by the vaccination with MOC2-CIITA cells. Naïve animals were treated with anti-CD4+ (asterisks), anti-CD8+ (full rhombuses) or control (open circles) monoclonal antibodies as described in the text and then injected with MOC2-CIITA tumor cells. (A) The Kaplan-Meyer curve shows the percentage of tumor-free mice after receiving the above treatments (ordinate) followed over time (abscissa). (B) Shown in the figure is the size of tumors, measured in square millimeters (mm2) (ordinate), developing over time (abscissa) in mice treated with anti-CD4+ (asterisks), anti-CD8+ (full rhombuses) or control (open circles) monoclonal antibodies. p-values were obtained via multiple unpaired Student t-test for CD4+-depleted mice at week 2 (p < 0.01), week 3 (p < 0.05) and week 4 (p < 0.0001) and for CD8+-depleted mice at week 2 (p < 0.01), week 3 (p < 0.01) and week 4 (p < 0.000001) as compared to isotype group.







4 Discussion

In recent years, innovative approaches in the field of cancer therapy have significatively changed the clinical scenario for patients affected by advanced cancer with poor prognosis. In the last decade the introduction of ICI in the treatment of non-small cell lung cancer (NSCLC) and melanoma has brought to substantially improved survival (42–44).

However, response to immunotherapy proved controversial in other types of cancer, as in the case of Head and Neck Squamous Cell Carcinoma (HNSCC), including Oral Squamous Cell Carcinoma (OSCC), the most common malignancy of the oral cavity. Indeed, clinical trials which analyzed the efficacy of ICI with anti-PD-1 therapy in recurrent and/or metastatic HNSCC showed that only 15–20% of patients benefit from this treatment, emphasizing the need for additional immunotherapeutic approaches, such as immunotherapeutic vaccines (45).

As CD8+ CTL are the major effectors of anti-tumor immunity, most of the studies of anti-tumor vaccines have focused on the selection of potential tumor antigen peptides that could bind to MHC-I molecules, as these cell surface molecules are the restricting elements for CTLs and are expressed in all cells, thus also in tumor cells. However, also this approach did not result in optimal clinical outcomes (18). For these reasons, several groups, including ours, have stressed the importance of focusing the attention on CD4+ TH, because without triggering of TH cells, effector CTLs cannot proliferate and be maintained for a long time, particularly in vivo (46).

Taken together, these considerations have guided us to investigate the possibility that an optimal stimulation of the tumor specific CD4+ TH cells could better activate the cascade of events leading to an efficient anti-tumor therapy in OSCC. Toward this goal, we decided first to better study the OSCC tumor microenvironment in terms of cell subpopulations and relevant markers of immunity to get hints of the importance of CD4+ TH cells in a clinical setting, and then to assess in an in vivo animal experimental model of OSCC the efficacy of an anti-tumor vaccination focused on the optimal activation of tumor specific TH cells.

In the tumor microenvironment, MHC-I antigens were constitutively expressed in all OSCC tumor cells, but with different intensity. The variable degree of MHC-I positivity reverberated on clinical outcomes, since stage IV oral cancers were significantly associated to the hypoexpression of this marker. This finding is consistent with those reported in literature and gains interest because in many cases tumor cells tend to lose expression of MHC-I molecules, and this has been correlated with mechanisms of escape from immune recognition by tumor specific CD8+ CTL (47). Moreover, the hypoexpression of MHC-I in tumor cells can also have a negative impact on adjuvant immunotherapy aimed at blocking immune checkpoint molecules in recurrent and/or metastatic OSCC (48).

On the other side, MHC-II molecules, the restricting element for CD4+ TH cell recognition, were detected in a relevant amount of tumor cells (at least 10%) only in 10 patients of the recruited population (i.e., 43.5%). The expression of MHC-II molecules in tumor cells is generally believed to be associated with a better prognosis (49). Even though this could not be confirmed in this case, the MHC-II-positive tumors displayed a significant CD4+ T lymphocyte infiltration, suggesting the involvement of an MHC-II-restricted CD4+ TH cell activation against tumor antigens.

Beside MHC expression, the OSCC tumor microenvironment was characterized by a high number of PD-1-positive immune cells infiltrating the tumor tissues and this was associated with a higher incidence of LN metastasis at diagnosis. PD-1-expressing cells were mainly CD8+ T lymphocytes in both tumor tissues and stroma. This indicates that OSCC tumors are indeed "hot tumors", a definition that has been recently proposed for tumor tissue that presents an inflamed status with relevant infiltration by leukocytes (50). This is an important element because indicates that an anti-tumor immune activation has been generated although functionally insufficient to counteract tumor growth.

While PD-1 is essentially expressed in functionally mature immune cells, its interacting ligand PD-L1 is usually expressed in APC as well as other cells, including tumor cells (51). In patients' tumor tissues, PD-L1 expression correlated with the total immune infiltrate in the stroma, but not with a specific cell phenotype, indicating the probable contribution by multiple cell subtypes. In our sample, about half of the tumors (i.e., 47.8%) were PD-L1-positive and, interestingly, PD-L1 positivity was found in the same cases expressing MHC-II molecules.

The co-expression of both MHC-II and PD-L1 molecules on OSCC tumor cells certainly represents a combination of two independent events, which however have in common the fact that they can be induced by IFN-γ (52, 53). In an inflamed tumor tissue, IFN-γ can be secreted by infiltrating lymphocytes and this can be at the basis of the concomitant expression of MHC-II and PD-L1 observed in our OSCC samples. Favoring the MHC-II restricted tumor antigen recognition by anti-tumor CD4+ TH cells from one side and blocking their functional activity by PD-1/PD-L1 interaction from the other side could partially explain the lack of clear beneficial outcomes in terms of survival in MHC-II-positive cancers (54). We may thus hypothesize that the PD-L1 checkpoint molecule could represent a viable target for immunotherapy especially in MHC-II-positive oral cancer, even though further experiments are required to confirm this association.

The findings described in our clinicopathological study were paralleled by similar results obtained in human OSCC cell lines CAL-27, SCC-25, and SCC-4. Indeed, all the three lines expressed MHC-I antigens on the cell surface, but MHC-II molecules were partially detected only in CAL-27, and not in SCC-25 and SCC-4. In addition, PD-L1 was expressed in CAL-27 and SCC-4, but not in SCC-25 cells. However, after treatment with IFN-γ, all the OSCC cell lines increased MHC-I expression and became MHC-II-positive and PD-L1-positive, confirming the role of the cytokine in rescuing the cell surface expression of these two markers (55).

Based on the above results and on the ground of our large preclinical studies on the effect of CIITA-mediated MHC-II expression in a variety of tumor histotypes of distinct MHC genetic background, we were strongly motivated to assess, in an experimental animal model, the OSCC murine cell line MOC2, whether a vaccination approach with CIITA-mediated, MHC-II-expressing OSCC tumor cells could similarly induce a protective immune response in vivo (56–58).

Moreover, previous results in a preclinical model of head and neck cancer by using a similar cell line, MOC22, as the one used in our study, revealed tumor growth retardation in mice injected with a synthetic long peptide (SLP) with affinity for both MHC-I and MHC-II epitopes (mICAM1) with respect to results obtained with a SLP with affinity limited to only MHC-I antigens (p15E) (59).

We generated MOC2-CIITA stable transfectants expressing MHC-II molecules; of note, these transfected cells did not express PD-L1 on their surface. MOC2-CIITA cells were then injected into syngeneic immunocompetent C57BL/6 mice. We clearly showed that the modified MOC2-CIITA tumor cells were strongly immunogenic in vivo as compared to highly tumorigenic parental MOC2 cells. 40% of MOC2-CIITA injected mice rejected the tumor, while the remaining 60% displayed a strongly retarded tumor growth. Interestingly, ex vivo analysis of MOC2-CIITA tumor growing in vivo showed a clear reduction of MHC-II expression, thus strongly correlating anti-tumor capacity to respond in vivo to the amount of CIITA-dependent MHC-II expression. It must be underlined that relative reduction of MHC-II expression in vivo has been observed also in previous studies by our group. This event is possibly due to two reasons: first, downregulation of the expression of the CIITA transfected plasmid (24) whose molecular mechanisms are unclear at present, or alternatively to the growth selection in vivo of a CIITA-transfected population with a low expression of CIITA and by consequence a low expression of MHC-II molecules. Continuous cloning of the CIITA-transfected cells and selection of more stable and highly MHC-II-expressing transfectants can overcome the problem and result in a more efficient rejection in vivo of the modified tumor cells, as we have shown in previous analyses (57).

Phenotypic analysis of spleen cells from animals protected after vaccination with MOC2-CIITA tumor cells showed that this event was associated to a preferential skewing toward a TH1 type of immune response, with respect to a polarization toward a TH2-like phenotype observed in animals with MOC2 parental growing tumors. These results are in line with our previously published results in other tumor models (57), suggesting a preferential triggering of TH1 responses following vaccination with CIITA-modified tumor cells.

The immunogenic nature of the rejection of MOC2-CIITA cells was demonstrated by the acquisition of a protective memory response to subsequent challenge with parental MOC2 cell line.

To further characterize the specific immune response elicited by our vaccination protocol, we performed an adoptive cell transfer (ACT) experiment by harvesting total immune cells, CD4+ or CD8+ T lymphocytes from the spleen of vaccinated mice that have rejected tumors and selectively co-injected these cells with unmodified MOC2 cells into naïve mice. The experiment demonstrated that both CD4+ and CD8+ T lymphocytes confer resistance to naïve animals and induce tumor rejection/growth retardation, with the CD4+ T cells representing the most effective cell subtype. In addition, we further verified the role played by both CD4+ and CD8+ T cells in anti-tumor response elicited after the vaccination protocol by performing an in vivo depletion experiment, e.g., depleting selectively CD4+ or CD8+ T cells while injecting MOC2-CIITA or parental cells in mice. The findings described in this study highlighted that the depletion of CD4+ or CD8+ T cells in MOC2-CIITA vaccinated mice resulted in the nullification of the immune response against tumors, as MOC2-CIITA tumor cells were growing with a similar kinetics as the MOC2 parental cells.

Taken together, our MOC2-CIITA vaccination results demonstrate that for OSCC tumors the CIITA-mediated MHC-II expression is instrumental to trigger the initial phase of the adaptive immune response, particularly the key triggering of tumor specific CD4+ T cells that in turn activate and allow the functional maturation of CD8+ tumor-specific CTL. They also emphasize once more the surrogate antigen presentation activity of CIITA-dependent MHC-II expression in tumor cells, as it has been previously demonstrated by our group in other in vivo tumor models (25).

We believe that our studies are of relevance for future strategies of immune intervention in OSCC clinical setting. The success of immune vaccination with CIITA-modified OSCC tumor cells opens the possibility to use these cells to isolate MHC-II-bound tumor antigenic peptides that can serve for the preparation of novel therapeutic vaccines against OSCC tumors (60). Moreover, approaches to modify in vivo OSCC tumors by injecting CIITA into the tumor tissues may help to increase the immunogenicity of tumors otherwise scarcely immunogenic. In this regard, viral vectors containing CIITA can be optimized to vehicle the MHC class II transactivator directly and specifically into OSCC tumor mass (61), as this tumor is easily accessible for direct injection.

In conclusion, CIITA modification of tumor cells alone or in synergy with immune checkpoint blockade could soon represent a suitable alternative for the treatment of oral cancer.
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