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ABSTRACT 

 

Title of dissertation: Soluble Immune Biomarkers as a Diagnostic Tool of Head and Neck 

Squamous Cell Carcinoma Histological Inflammatory Subtypes 

Ioana Ghita, Doctor of Philosophy, 2022 

Dissertation Directed by: Rania H. Younis, B.D.S., M.D.S, Ph.D., Clinical Associate 

Professor, Department of Oncology and Diagnostic Sciences 

Head and neck squamous cell carcinoma (HNSCC) is a devastating malignancy that occurs 

in close proximity to vital structures. Despite all advances in diagnostic and therapeutic 

measures, the overall 5-year survival rate stays at ~ 65% and can be dismal for recurrent 

and advanced stages. There is accumulating evidence indicating the immune suppressive 

potential of HNSCC by which it can escape and/ or suppress the immune system. The 

recent advent of immunotherapy showed unprecedented improvement in overall response 

of advanced stage HNSCC. Yet, the overall response rate of HNSCC to immunotherapy 

remains at ~ 15%.  Hence, further understanding of HNSCC tumor inflammation is 

warranted. The hypothesis of the current work is that the histological inflammatory subtype 

(HIS) of HNSCC can provide the basis for patient stratification that can be distinguished 

from the cytokine profile in peripheral blood, therefore better treatment strategies and 

patient outcomes.  

Paired tumor tissue and plasma of 104 HNSCC cases were collected according to UMB 

IRB protocol. Scoring of the HIS subtype was carried out using immunohistochemistry 

(IHC) of the emerging immune biomarker Semaphorin 4D (Sema4D). Our cohort showed 

52% HIS inflamed (HIS-INF), 40% immune excluded (HIS-IE) and 8% deserted (HIS-ID). 



 
 

Differential gene expression (DGE) analysis of 10 HNSCC tumor tissues using NanoString 

immune-oncologic (human IO-360) 700 genes set showed that tumors with HIS-IE 

clustered as IFN-γ negative/ low immune signature compared to HIS-INF and were higher 

in hypoxia gene expression and the myeloid cellular compartment, while the HIS-INF 

demonstrated higher lymphoid component. DGE revealed a novel association between the 

high soluble Sema4D in plasma (HsS4D) and higher transcriptional level of Osteopontin 

(OPN) in the tumor tissue, that we also demonstrated in vitro. Furthermore, using ELISA-

Luminex™ system, HIS-IE tumor tissue was significantly distinguished from the HIS-INF, 

in almost 40 traditional cytokines detected in the paired plasma samples. In conclusion, our 

work demonstrated a stratification model of HNSCC based on the underlying HIS profile 

that can be detected via the soluble cytokine panel in blood. These findings can open new 

avenues for patient stratification and enhance personalized clinical care in the field of 

HNSCC. 
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I. INTRODUCTION 

I. A.  Head and Neck Squamous Cell Carcinoma (HNSCC) 

Head and neck squamous cell carcinoma (HNSCC) is a carcinoma with squamous 

differentiation arising from the mucosal epithelium of the oral cavity and upper 

aerodigestive tract. It is by far the most common type of head and neck cancer, accounting 

for over 90% of the cases 1, being a disfiguring and devastating malignancy that occurs in 

close proximity to vital structures (Figure 1 A&B) 2.  

In 2020, HNSCC has been reported as the 7th most common type of cancer worldwide 3.  

In the U.S. only, there are expected over 66,470 new cases of HNSCC (including oral 

cavity, pharynx, and larynx) and over 15,050 deaths to occur in the year of 2022 4. 

It is a complex multi factorial disease. The most common risk factors for conventional 

HNSCC are tobacco use and/ or alcohol drinking, having a synergistic effect. Betel-quid 

chewing has also been implicated in certain areas of the world, especially in South-East 

Asia. High-risk human papilloma virus (HPV) strains, especially HPV16, are associated 

mostly with oropharyngeal squamous cell carcinoma (OPSCC). Other environmental and 

genetic factors can also play a role. The conventional HNSCC is twice as common in men 

than women and is frequently reported in patients between the 5th and 7th decades of life. 

Some recent studies suggest that the number of younger patients is slightly increasing, 

especially the HPV related cases. Interestingly, a significant increase in incidence of oral 

tongue SCC in young adults, under 45 years of age, non-smokers has been reported in  

recent years, with a significant increase in young white non-smoker females having an 

unclear cause, introducing new variables yet to be investigated 5,6.  
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B. 

 

Figure 1. Head and neck squamous cell carcinoma. (A) head and neck cancer regions 

(adapted from https://www.cancer.gov/types/head-and-neck/head-neck-fact-sheet); (B) 

clinical picture of oral squamous cell carcinoma (adapted from Neville B,  Allen C et al. 

Oral and Maxillofacial Pathology. fourth ed. Elsevier; 2016) 2. 
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The HPV+ve HNSCC of the oropharynx and base of tongue is considered a tumor of 

distinct epidemiology, even staging system comparing with the HPV-ve HNSCC is 

different 7. In a 2022 study, Rodrigues Louredo et al. showed that the incidence of HPV+ve 

OPSCC increased drastically in the past 30 years, especially in the developed countries, 

with even more cases than cervical cancer reported in Germany and in the U.S.8. The 

ethnicity and geographic origins have an important role in HPV prevalence with 56% in 

North America, 52% in Japan, 45% in Australia, 38-39% in different regions of Europe9,10. 

It is most common in younger male patients (5 times more common in men than women), 

non-smokers, non-drinkers, in general with higher education and higher socio-economic 

status, showing a strong correlation with the lifetime number of oral-sexual partners 8. 

The HPV-associated OPSCC develops most commonly in the lymphoepithelial tissue of 

the oropharynx, including base of the tongue and tonsillar crypts area and has a different 

morphologic profile with the main histological variants ranging from papillary to basaloid, 

adenosquamous, sarcomatoid/ spindle cell, lymphoepithelial-like (undifferentiated)  and 

ciliated 8,10. 

The high-risk human papilloma virus HPV16 is the main cause of the OPSCC, accounting 

for almost 90% of the cases. The risk of malignant transformation is directly proportional 

with the E6 and E7 (viral oncogene products) playing a role in inactivation of two important 

tumor suppressor genes p53, pRb retinoblastoma (Rb) respectively 10. The cell cycle 

inhibitor, p16 is considered a surrogate biomarker, and patients with p16 expression in 

OPSCC have better prognosis 8,10. There are also few on-going clinical trials looking into 

immunotherapy or radiation therapy dose de-escalation options as alternative treatments to 
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chemotherapy. So, determining the HPV status of the HNSCC is very important in this 

regard 11. 

Prognosis and Treatment of HNSCC 

Even though, in general, head and neck cancers have the advantage of an accessible 

location that allows for early diagnosis, especially for the oral lesions, with 5-year survival 

rate of 60-65% for all stages combined, still 67% of the cases are diagnosed at an advanced 

stage of malignancy (47% with regional and 20% with distant metastases) 12. 

Unfortunately, most of the cases are diagnosed at locally advanced stages, when the 5-year 

survival rate drops to 40% for late-stage detection with regional lymph nodes involvement, 

and to as low as 25% in cases with distant metastases. 

Although there are multiple treatment options, including surgical resection as the primary 

line of treatment, radiotherapy, and chemotherapy, as adjuncts or primary, as well as 

targeted therapy, HNSCC can be persistent, recurrent, and refractory to treatment and 

sometimes can be very limited surgically due to proximity to vital structures, or as in cases 

of advanced malignancies that are beyond surgical resection options 13,14. Tumor relapse is 

a major problem, with mortality rate of almost 92% 15. In addition, recent clinical studies 

showed evidence that survival can decline to as short as less than 6 months for platinum 

refractory cases 12,16,17. 

The Advent of Immunotherapy in HNSCC 

Immunotherapy represents the most recent advent in treatment of cancer and is based on 

the enhancement of the immune system activity to eradicate cancerous cells using either 

the immune checkpoint inhibitors, vaccines, oncolytic virus therapy or adoptive cell 
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therapy. The most common type of immunotherapy in all types of cancers and especially 

in solid malignancies is standard immunotherapy (SIT). It has shown unprecedented 

response in multiple categories of tumors and revolutionized the treatment approach, 

especially for those patients with recurrent and or metastatic HNSCC and showed 

promising response. SIT is based on blocking the immune checkpoints programmed death 

1 receptor (PD-1), or ligand (PD-L1), or the cytotoxic T-lymphocyte-associated protein 4 

(CTLA-4), whether as a monotherapy or combined treatment. 

An important milestone was in 2016 when FDA approved the first SIT with anti-PD-1 

immune check point inhibitors Nivolumab and Pembrolizumab, for recurrent and platinum 

resistant cases of HNSCC 18,19. Later, in 2019 FDA approved SIT Pembrolizumab either 

as a monotherapy or in combination with platinum or fluorouracil as a primary line of care 

for HNSCC patients with advanced metastatic or non-resectable and recurrent tumors 18. 

Although lymphoid aggregates and infiltrates are present all over the oral submucosa and 

HPV+ve OPSCC tumors are located in the tonsils, interactions between tumor basal cell 

keratinocytes and the immune microenvironment allow for immune escape, possibly 

through the PD-1/ PD-L1 pathway, suggesting a possible role of anti-PD-L1 

immunotherapy in these tumors 20. 

The approved and the most investigated immunotherapeutic approaches in HNSCC are 

based on T-cell activation. The co-stimulatory and co-inhibitory checkpoints have the role 

to keep the balance between T-cell stimulation versus inhibition for the immune response. 

Immune checkpoint inhibitors (ICIs) are an effective class of immunotherapies that block 

inhibitory immune checkpoint pathways, like CTLA-4 or PD-1/ PD-L1 interaction by 
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using inhibitory monoclonal antibodies, ultimately reactivating the immune responses 

against cancer cells 21. 

The major clinical trials that led to the FDA approval of immunotherapy for HNSCC 

patients were KEYNOTE-012, KEYNOTE-040 and CHECKMATE-141; using the anti 

PD-1 monoclonal antibodies Pembrolizumab and Nivolumab and came with a complete 

change in treatment approach for patients with advanced and recurrent HNSCC. Later, 

KEYNOTE-048 - clinical trial using Pembrolizumab showed significant improvement in 

patients without prior platinum-base chemotherapy treatment and with recurrent or 

metastatic disease 18.  In addition, as anti-CTLA-4 immunotherapy in HNSCC, 

Tremelimumab is used in metastatic and recurrent HNSCC. Ipilimumab in combination 

with Nivolumab is in on-going clinical trials in HNSCC including the HPV+ve variant. 

Yet, the overall response rate of HNSCC to immunotherapy is limited to 13-18% and the 

duration of these responses can only last for about 6 months in 85%, or in 71% lasted a 

year or more 18,22-24.  

Tumor tissue inflammation was shown to predict differential patient response to treatment, 

more specifically response to immunotherapy. So, there is a significant need for further 

understanding the underlying mechanisms behind HNSCC resistance to SIT and the tumor 

inflammatory profile/ phenotypes in HNSCC. 
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I. B. HNSCC Tumor Inflammation and Biomarkers 

Different strategies and biomarkers have been described to study HNSCC tumor 

inflammation 25, ranging from biomarkers expressed in the tumor tissue and the tumor 

microenvironment 26 to soluble inflammatory cytokines detected in body fluids 25,27-29.  

Immune Cells as Prognostic Biomarkers in Cancer 

HNSCCs are known as being a heterogeneous group of tumors. There are different types 

of heterogeneity like inter-tumoral heterogeneity and intra-tumoral heterogeneity. 

Different tumors, even of the same histological origin, can show very diverse 

morphological and phenotypical profiles including cellular morphology, gene expression, 

tumor metabolism, motility, differential density in the extracellular matrix and different 

immune cell types, that can reflect with differential tumor behavior and prognosis. Within 

each single cancer type there is a tremendous number of mutational variations at 

transcriptional level, and different histological variants. 

HNSCC response to SIT was shown to be associated with several aspects that included 

tumor mutation burden (TMB), and immune cell infiltrate 30. On the other hand, two RNA 

sequencing studies showed that there is no correlation between the immune cell infiltrate 

and the TMB 18,31.  

The immune cells can be dominated by the suppressor phenotype like tumor associated 

macrophages (TAMs), regulatory T-cells (T regs), myeloid derived suppressor cells 

(MDSC), mast cells, neutrophils, cancer-associated fibroblasts (CAF), versus anti-

tumorigenic cytotoxic T-cells (CD3+ve, CD8+ve), dendritic cells (DC) and natural killer 

(NK) cells etc. (Figure 2A) 32. A study, compiling approximately 300 different recent 

studies done in over 70,000 patients with different cancer types, including HNSCC, showed 
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the relevance of different immune cells as prognostic biomarkers in different types of 

cancers and the importance of taking into consideration all the immune parameters when 

planning the treatment for these patients 33 (Figure 2B).   

TAMs have an important role in proliferation, invasion, angiogenesis, and regulation of T-

cells. TAMs differentiate in spectrum from M1 (CD68 and others) tumoricidal 

macrophages that promote expression of  the pro-inflammatory cytokines (IFN-γ, IL-12, 

IL-23 and TNF-α) to M2 tumor promoting macrophages that induce regulatory cytokines 

such as TGF-β and IL-10 and suppress T-cell proliferation 34. In HNSCC, some studies 

showed that TAMs could be used as possible prognostic markers, demonstrating a 

correlation between TAMs infiltration and a poor prognosis 35. 

MDSC are a population of immature myeloid cells with an important immunosuppressive 

role in cancer, are stimulated in the tumor microenvironment by different tumor derived 

factors such as: IL-6, GM-CSF, VEGF and Semaphorin 4D (Sema4D) 36,37. MDSC are 

described as immature CD34+ve cells in peripheral blood and in the tumor bed of HNSCC, 

that play a role in suppressing cytotoxic T-cells activation and proliferation 38. There are 

different subpopulations of MDSC that could be described by using different combinations 

of myeloid markers (Table 1). 

T regs are a distinct subset of T-cells with a role in angiogenesis and suppression of 

excessive immune response by regulating other immune cells like: CD8 T-cells, B-cells, 

NK cells, dendritic cells (DC), macrophages, having an important role in homeostasis. The 

expression markers for T regs are CD4+ve, CD25+ve. The transcriptional factor FOXP339, 

CD4 and CD25 are markers for T regs and at the same time markers for the effector T-cells 

population. T regs were shown to express high levels of immune-modulatory proteins such 
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as CTLA-4 39, PD-1, TIM3 and OX40 34 (Figure 2) (Table 1). 

NK cells are important cells of the innate immune system and have the capacity to detect 

and quickly kill the malignant cells, having an important cytotoxic activity. The key 

expression markers for NK cells are CD3+ve, CD16+ve and CD56+ve. 

In cancer, the extra cellular matrix (ECM) becomes disorganized and deregulated by 

elevated matrix-metalloproteinases (MMPs) through growth factor activation, promoting 

primary tumor proliferation. Collagen represents approximately 30% of the ECM protein 

mass, playing an important role in tissue scaffolding, cell adhesion, wound healing, 

differentiation, and migration40,41,42. Cancer associated fibroblasts (CAF) are the main cell 

type found in the tumor stroma, with an important role in stimulating tumor proliferation, 

invasion, angiogenesis, metastases, acting through secretion of different cytokines and 

other tumor-promoting factors such as TGF-β, EGF, HGF, VEGF, CXCL12, CXCL14, 

CCL5, CCL7, IL-6, IL-17A, MMPs 43,44. Α-SMA+ve, FAP+ve, FSP-1+ve, CD3+ve are 

molecular biomarkers for CAF45-47. The absence of endothelial and epithelial markers like 

cytokeratin and CD31 complements the histochemical panel for CAF 48,49. 

All these elements define the distinct tumor immune microenvironment that was shown to 

predict differential patient response to treatment, more specifically response to SIT 50. 
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A. 

 

B.  

Figure 2. “Good guys versus bad guys” in the tumor microenvironment. (A) The balance 

between a large number of different immune cells, immune factors, and signaling 

molecules determines the outcome of the antitumor immune response (adapted from Pitt 

JM, Marabelle A et al., 2016) 32; (B) The immune microenvironment and the effects of the 

immune infiltrate on the prognosis of patients with cancer / different immune cells as 

prognostic biomarkers in cancer (adapted from Bruni D, Angell HK et al. 2020) 33. 
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Table 1: Histological, transcriptional, and soluble immune biomarkers described in 

HNSCC. 
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The CD3 and CD8 T-lymphocytes and Immunoscore 

The CD3 and CD8 T-lymphocytes are the most important protagonists of the tumor 

immune microenvironment. The pioneer Immunoscore stratification of tumor tissue 

introduced by Dr. Galon in 2006, based on quantification of CD3 and CD8 T-lymphocytes 

in the core and at the margins of the tumor, has advanced the process of tumor stratification 

compared to the conventional TNM staging system 51-53. This helped on understanding of 

the different phenotypes of tumor inflammation and divided the tumors into three 

categories: (i) inflamed (hot) with high immune cell density in the tumor center and in the 

invasive margins, with a better response to immunotherapy; (ii) noninflamed (cold), 

immune excluded, defined by low number or absence of the CD3 or CD8 cells in both 

regions, and more resistance to immunotherapy treatment, with a less favorable prognosis 

and higher recurrence rate 54,55, and (iii) altered (intermediate) tumors ( Figure 3 & 4 ) 55,56. 

This concept is applicable to any kind of solid tumor and enhances the understanding of 

tumor response to immunotherapy 57. Lately, the Immunoscore became a diagnostic test 

predicting the risk of relapse in early-stage colon cancer patients, by accurately measuring 

the patient immune response at the site of the tumor, using digital image analysis to 

measure the density of the immune cells.  

A recent study 58 showed that Immunoscore in HNSCC using the CD3+ and CD8+ IHC 

and digital imaging could be used as a prognostic factor with more power than the classical 

TNM staging system and provide guidance for the treatment plan in the advanced cases.  
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Figure 3. Immunoscore: a new approach for the classification of cancer.  Illustrative 

example of hot, altered and cold immune tumors stained using CD3 for lymphocytes 

(adapted from Galon J, Bruni D, 2019) 55. 
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 A.    B.  

 

 

 

 

 

 

 

 

 

 

Figure 4. Working model for the segregation of tumors based on immune system 

regulatory pathways in the tumor microenvironment. (A) In T cell–infiltrated tumors, 

chemokines support influx of CD8+ effector T cells, but these subsequently become 

functionally inhibited by the effects of PD-L1, IDO, Treg cells and anergy. The 

development of this phenotype appears, in part, to be promoted by type I interferon 

signaling and the CD8 α+ DC lineage; (B) In non–T cell–infiltrated tumors, there is poor 

chemokine expression and lack of T cell infiltration but also minimal presence of 

defined immune inhibitory pathways. It is speculated that these tumors also have denser 

stroma and alternative myeloid or macrophage (MΦ) populations (adapted from 

Gajewski TF, Schreiber et al., 2013) 56. 
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I. C. Soluble Traditional Cytokines in Peripheral Blood of HNSCC 

The cytokines (CKs) are secreted proteins with low molecular weight that have a specific 

effect on the interactions and communications between cells. Whenever cellular stress is 

present due to infection, inflammation or carcinogen-induced injury, cytokines are released 

in response, and their role is to help with controlling the stress inside the cells and 

minimizing the damage. If the injury is not resolved, it can produce excessive secretion 

leading to extensive tissue destruction, which is the mechanism behind different stages of 

cancer progression 37,59. In cancer, the cytokines could be pro-inflammatory (anti-

tumorigenic) or anti-inflammatory (pro-tumorigenic) 32 (Figure 2A).   

Based on their origin and biological properties, the conventional cytokines can be divided 

mainly into CKs produced by the: (i) T-helper 1 (Th1) - stimulating cell mediated immunity 

through production of pro-inflammatory cytokines; (ii) T-helper 2 (Th2) - mediating 

humoral immune response and suppressing cell mediated immunity and (iii) T-helper 17 

(Th17) - playing an important role in autoimmunity and in inflammatory response 

regulation (Figure 5) 60,61.  

Other cells, like activated macrophages mainly produce the pro-inflammatory cytokines 

like IL-1α, IL-1β, IL-6, and TNF-α. Other pro-inflammatory cytokines are IL-8, IL-12, IL-

17, IL-18, IL-20 family, IL-33, IFN-γ, granulocyte macrophage-colony-stimulating factor 

(GMCSF), and other chemokines with a chemo-attractive role for the inflammatory cells62. 

In the category of anti-inflammatory cytokines, IL-1 receptor antagonist (IL1RA), IL-4, 

IL-10, IL-11, and IL-13 are the mostly recognized. There are some cytokines that 

depending on circumstances could be either pro- or anti-inflammatory like IL-6, interferon-

alpha (IFN-α), TGF-β or leukemia inhibitory factor (LIF) 63,64. 
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Figure 5. Cytokines. Effector T-cell differentiation (Th1, Th2, Th17 and TFH), the 

expression of transcription factors, effector cytokines, chemokine receptors, and T-cell 

functions. TFH: follicular helper T-cells (adapted from Yu SL, Kuan WP et al., 2012) 61. 
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Several cytokines have been described in different studies to play a role in HNSCC 

tumorigenesis (Figure 5) .These cytokines could be classified by their different functions 

into cytokines that have a role in malignant transformation and tumor growth; or cytokines 

that are produced by the tumor cells and could be used as prognostic markers; or cytokines 

that are immunotherapeutic targets 65. 

Some studies show that in many solid tumors like renal cell carcinoma, colorectal and 

prostate cancers, there is a decrease in Th1 cytokines and an increase in Th2 cytokines. 

Bleotu et al. 66, using ELISA assay in blood, found the same tendency also in HPV+ve 

laryngopharyngeal HNSCC, showing that in early stages there was an increase of the levels 

of IL-2 and IL-12; yet in advanced stages there were decreased levels of IFN-γ and IL-2. 

They also found a correlation between loco-regional metastases and increased levels of IL-

8 and IL-10 and a significant decrease of IFN-γ. 

One important cytokine mentioned in numerous HNSCC studies is IL-8, which plays an 

important role in tumorigenesis, metastasis, and angiogenesis, and is correlated with 

advanced or aggressive disease 67,68. Increased blood levels of IL-8 were reported in 

HNSCC patients either with new disease, recurrence or metastases 68-70 as well as in the 

development and progression of laryngeal squamous cell carcinoma70,71. Cigarette smoke 

condensate can significantly stimulate activator protein 1 (AP-1) activation, resulting in 

increased IL-8 and VEGF secretion 71. In a study by Kaskas et al. 72  lower levels of IL-13 

in serum of HNSCC patients were described.  

In 2017, a study by Lee et al. 25 done on saliva and plasma evaluated the cytokine levels 

using Luminex bead-based Multiplex assay, aimed to find potential biomarkers for early 

stages of OSCC. They found IP-10 plasma biomarker levels and IL-1β, IL-6, IL-8, MIP-
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1β, Eotaxin, TNF-α and IFN-γ salivary biomarkers levels to be significantly higher 

compared to controls in early stages of OSCC. Also, a significant increase in plasma levels 

of Eotaxin, G-CSF, and IL-6 were revealed in stages III/IV compared to stages I/II of 

OSCC. In a recent study published in 2021, Laliberte et al.29 used the Luminex System to 

determine the level of CKs in saliva samples collected from 37 OSCC patients and paired 

with tumor tissue. They found an increase in the pro-inflammatory CKs IL-6, IL-8, TNFα, 

and GMCSF and proposed as a new method for monitoring the progression and prognosis 

of OSCC. IL-6 seemed to be most sensitive to early stages  OSCC patients 73. IL-1α, IL-6, 

IL-8, VEGF, GMCSF, and basic fibroblast growth factor (bFGF) were detected in the 

supernatants of squamous cell carcinoma cell lines and supernatants of freshly isolated 

primary HNSCC cultures 73. 

 

Transforming Growth Factor-Beta 1 (TGF-β1) is a multifunctional protein, regulating the 

differentiation and growth of different cell types including the endothelial, epithelial cells 

or bone modeling. Produced by multiple cell types within the tumor microenvironment 74, 

it is one of the main cytokines that can have either a pro-inflammatory or an immune 

suppressor role by suppressing the NK cells and DC and by recruiting and activating T reg 

cells 75.  TGF-β1 has crucial role in T-cell maturation, differentiation and in activation of 

Th17 cells. By attracting monocytes and neutrophils, it is associated with chronic 

inflammation and with carcinogenesis 75. 

In a study done on metastatic urothelial carcinoma in patients treated with Atezolizumab 

(an anti-PD-L1 agent) the lack of response was correlated with TGF-β signaling associated 

with fibroblastic and collagen-rich peritumoral stroma, with excluded CD8+ T cells from 
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the tumor bed 76, 77. Interestingly, at NIH there is an ongoing clinical trial started in 2020 

with anti-PD-L1/ TGF-β Trap (M7824) alone and in combination with TriAd Vaccine 

(Adenoviral vaccines targeting known tumor antigens and able to generate antigen-specific 

T cells) and N-803 (IL-15/ IL-15R alpha agonist complex, increasing both T cell anti-tumor 

activity and NK cells) done on patients with HNSCC non-HPV associated. These drugs are 

expected to shrink the tumors before the surgery or stop the tumors from relapse after 

treatment.  

Fibroblast growth factors (FGFs) are another  family of cell-signaling proteins produced 

by different types of cells, that are implicated in increased tumor fibrosis and drug 

resistance78,79. Aberrant FGF signaling contributes to the maldevelopment of joints and to 

the onset and progression of osteoarthritis. FGF18, a high affinity ligand for FGFR3, is the 

only FGF-based drug currently in clinical trials for osteoarthritis 80. FGF18 is involved in 

myofibroblast activation and other types of fibrosis. Targeting FGFs may be applicable for 

the prevention of organ fibrosis, and treating cancer driven fibrosis 81. 

 

I. D. Interferon-γ Tumor Immune Signature 

Interferon-γ (IFN-γ) is produced in the tumor microenvironment by activated T-cells, NK 

cells and natural killer T-cells (NKT) and is an important cytokine that plays a key role in 

the antitumor response, coordinating the immune processes. IFN-γ has a role in inducing 

gene response involving proinflammatory, as well as inhibitory feedback signals, a feature 

that tumors take advantage of to progress and advance. IFN-γ is a critical driver of PD-L1 

check point expression in cancer and host cells. 

In a 2017 study by Ayers et al. 82, IFN-γ tumor immune signature was described as a 
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predictive biomarker for the overall response rate to Pembrolizumab treatment. Initially, 

gene expression profile (GEP) analysis was carried on 19 metastatic melanoma patients’ 

samples and then extended to a cohort of 220 tumor samples of 9 different cancer types 

including 96 HNSCC patients obtained from KEYNOTE-012 clinical trial 22. First, they 

described and analyzed the IFN-γ 6 genes signature including IDO1, CXCL10, CXCL9, 

HLA-DRA, STAT1 and IFN-γ. Then, they finalized with the IFN-γ 18 genes signature, 

which included  pro-inflammatory cytokines/ chemokines (CXCR6, CCL5, CXCL9, 

STAT1, CMKLR1), T cell markers (CD8A, CD27, TIGIT), NK cell activity (NKG7, HLA-

E), antigen presentation (HLA-DRB1, HLA-DQA1, PSMB10), and additional 

immunomodulatory factors (LAG3, IDO1, PDCD1LG2/ PD1L2, CD274/ PD-L1, CD276) 

by using the NanoString nCounter IO-360 platform 82 (Table 2) (Figure 6). 

In addition, the combined analysis of the IFN-γ response genes signature and the extent of 

tumor mutational burden (TMB) can play a significant role in response to immunotherapy.  

In 2018, Cristescu et al. in a study done on over 300 patients’ samples, including 22 tumor 

types, demonstrated that a T cell-inflamed microenvironment (“hot “ tumors) and the TMB 

profile exhibited joint immune-oncologic predictive utility in identifying the PD-1 

antibody biomarkers to Pembrolizumab immunotherapy responders and non-responders 

and they stratified cancer tumors into 4 groups according to their different clinical response 

to Pembrolizumab as: (i) tumors with high TMB, high neo-antigenicity, and a strong T 

cell-inflamed tumor microenvironment; (ii) tumors with low TMB, stromal and/ or 

endothelial factors in the tumor microenvironment, and a low neo-antigenicity that impede 

their activity; (iii) tumors that can evade the immune response despite high TMB and high 

neo-antigenicity and (iv) tumors  with low TMB and low neo-antigenicity and  lack of   
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Table 2: IFN-γ and expanded immune gene signatures (adapted from Ayers M, Lunceford 

J et al. 2017) 82. 
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Figure 6: The IFN-γ tumor inflammation gene signature highlights the complex biology 

of the host immune microenvironment (adapted from Ayers M, Lunceford J et al. 2017; 

www.nanostring.com) 82. 
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T cell–inflamed tumor microenvironment (with the worse response to immunotherapy) 

(Figure 7) 83. Thus, the tumor inflammation gene expression signature highlights the 

complex biology of the host immune microenvironment. Baseline intra-tumoral T-cell 

infiltration may improve response to anti-PD-1 therapies, emphasizing the importance of 

further understanding of the underling tumor inflammation in HNSCC. This highlights the 

importance of advanced technology in finding precise transcriptional biomarkers useful in 

HNSCC treatment decision, monitoring, and prognosis. 
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Figure 7: Biomarker-defined responses to Pembrolizumab monotherapy identify 

targetable resistance biology. (A) Tumors have low TMB and low neoantigenicity and 

lack a T cell–inflamed TM; (B) Tumors can evade the immune response despite high 

TMB and high neoantigenicity; (C) Although T cells are present, stromal and/ or 

endothelial factors in the TME, low TMB, and low neoantigenicity impede their activity; 

(D) Tumors have high TMB, high neoantigenicity, and a T cell inflamed TME, typified 

by activated T cells and other immune cells with cytolytic roles. TMB: tumor mutational 

burden; TME: tumor micro-environment (adapted from Cristescu R, Mogg R et al., 

2018)83. 
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I. E. PD-L1, Semaphorin 4D and Osteopontin as Biomarkers in HNSCC 

PD-L1 Immune Biomarker in HNSCC 

 PD-L1 (programmed death-ligand 1) (a.k.a. CD274 or B7-H1) together with PD-L2 

(programmed death-ligand 2) has affinity to bind to PD-1 (programmed cell death protein 

1) with a role in maintaining tolerance in immune system by inhibiting T cells. PD-L1 is 

induced in cancer tumors, being rarely expressed in normal tissue. It was shown that the 

expression of PD-L1 may play a role in determining the clinical prognosis in cancer 

patients and could be utilized as antitumor immune therapy, using antibodies blocking PD-

1 or PD-L1 (Figure 8) 21. In HNSCC the expression of PD-L1 using FDA-approved assays 

and the combined positive score (CPS) in tumor tissue proved to be a predictive biomarker 

for response to immunotherapy 84. A recent retrospective study published in 2022, 

evaluating the PD-L1 IHC in 119 tissue samples showed that early T1 cancer stage 

correlated with PD-L1 positivity and that these patients would most likely respond to anti-

PD-1/ PD-L1 immunotherapy 84. However, Park et al. in another 2022 study described that 

PD-L1 has only a moderate predictive meaning in HNSCC, especially because of highly 

dynamic nature, lack of standardization and limitations of the PD-L1 assay 85.  

As mentioned before, several types of evidence suggest that inflamed (hot) tumors 

normally have better response to SIT and eventually better survival 86, while non-inflamed 

(cold) tumors, with dense stroma, were more resistant to SIT and showed less favorable 

prognosis 57,87. Yet, some inflamed tumors proved to be resistant to immunotherapy, while 

some non-inflamed tumors were responsive to treatment 88, indicating that other 

mechanisms may be involved in determining the response to SIT. Interestingly, Feng et al. 

suggested that HPV-ve OSCC are mimicking more the immune excluded and immune-  
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Figure 8: Mechanism of action of check point inhibitors. Two step activation of T cells 

involves first the T cell receptor antigen engagement and the second is the CD28 activation. 

CTLA-4 and PD-1 activation inhibits T cell activation. APC: antigen presenting cell; 

MHC: major histocompatibility complex (adapted from Heft Neal ME, Haring CT et al., 

2019)21. 
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suppressive phenotype comparing to colorectal carcinoma, as its invasive margins showed 

the presence of more immune cells comparing to the tumor core 52. 

This highlights the importance of further understanding of immune biomarkers and the 

underling tumor immune microenvironmet in the HNSCC and its response to 

immunotherapy.  

 

Semaphorin 4D (Sema4D) as Immune Biomarker in HNSCC 

Semaphorin 4D (a.k.a. CD100 or immune Semaphorin) (Sema4D) is an emerging immune 

biomarker, a glycoprotein of class IV Semaphorin family that could be found in membrane 

bound form 89,90, or cleaved by matrix metalloproteinases (MT1-MMP), expressed on the 

surface of tumor cells into soluble form (sSema4D) 28,91,92. 

There are three main receptors for Sema4D: the high-affinity receptor Plexin-B1 (PlxnB1) 

– expressed in a wide variety of cell types (DC, endothelial cells, and epithelial cells) 93; 

the intermediate affinity Plexin-B2 (PlxnB2) – expressed in keratinocytes 94 and the low-

affinity receptor CD72 – mainly expressed on immune cells of B-lymphocytes, T-

lymphocytes, antigen presenting cells (APCs), having a role in the activation of humoral 

or T cell-mediated immunity 95,96. Plexin-C1 (PlxnC1) is also mentioned as a receptor for 

sSema4D (soluble Sema4D) on immature DC, inhibiting its migration and modulating 

cytokine production 93. 

Sema4D is involved in regulation of axon guidance, which is important in the development 

of the nervous system, in organ development, vascular morphogenesis by acting on the 

endothelial cells, as well as in bone resorption by acting on osteoclasts. It plays also an 
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important role in multiple types of cancer 97,98, as it was linked to poor prognosis in 

sarcomas, colorectal cancer and cutaneous squamous cell carcinoma 28,99-103. Sema4D was 

highly expressed in the membrane of most frequent solid tumors like breast, lung, cervical, 

ovarian, prostate, colon cancers and HNSCC 100,104-106. It plays an important role in 

tumorigenesis in terms of invasion, and angiogenesis, to promote tumor progression in 

several malignancies including HNSCC 37,77,93,107. HNSCC associated Sema4D was also 

reported to induce immune suppression through several mechanisms 28,37,108,109. It has been 

described to play a role in the pathogenesis of several autoimmune conditions, allergy, and 

chronic inflammation 110-115. It demonstrated an important role in tumor inflammation, 

being not only expressed by several tumor cell types, but also in the immune cells that are 

infiltrating the tumor islands and surrounding stroma 116,117 and it was detected in almost 

all white blood cells like T-cells, B-cells, tumor-associated macrophages (TAM), 

neutrophils, NK-cells, DC, monocytes 91,107,118-120, playing anti- and pro-inflammatory 

roles in the immune system (Figure 9A) 108,116,121,122. 

Previously, high levels of the soluble form (sSema4D) were detected in peripheral blood 

of patients with autoimmune/ chronic inflammatory conditions (AI/CI) including 

rheumatoid arthritis, osteoarthritis, lupus and allergy patients 111,114,123, as well as in other 

pathologic conditions including heart failure and HNSCC 89,111,114. sSema4D was shown to 

have a role in cytokine-induced migration and in spontaneous inhibition of myeloid 

cells107,93. In addition, our lab has described a novel role for HNSCC produced sSema4D 

in modulating an immune suppressive microenvironment through upregulation of myeloid 

derived suppressor cells (MDSC) and extracellular collagen production by fibroblasts 37,77. 

We also showed that Sema4D could be used as a biomarker for immune-scoring in 
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HNSCC, as Sema4D+ve tumor cells correlated with dense noninflamed peritumoral 

fibrotic stroma and stage III, and Sema4D-ve tumor cells correlated with inflamed stroma 

in a tumor microarray 37,77 (Figure 9B&C). Our lab was also the first to detect sSema4D in 

peripheral blood of HNSCC 77. Based on differential expression of Sema4D and PD-L1 

using IHC, our lab stratified HNSCC into 4 categories: Sema4D+ve/PD-L1–ve tumors 

(22%), Sema4D–ve/PD-L1+ve (24%), Sema4D-ve/PD-L1-ve (42%) and Sema4D+ve/PD-

L1+ve (12%). PD-L1+ve tumor cells showed statistically significant correlation with 

Sema4D+ve tumor associated inflammation (TAI) and invers correlation with the presence 

of peritumoral stromal fibrosis. That concluded in a Sema4D/ PD-L1 stratification model 

in HNSCC (Figure 10) 77
. 

All these findings highlight the importance of Sema4D and PD-L1 as immune biomarkers 

and triggered us to further investigate their potential regarding the histological 

inflammatory profile of HNSCC.  

 

Osteopontin as an Immune-Oncologic Protein in HNSCC 

Osteopontin (OPN) (a.k.a. secreted phosphoprotein (SPP1)), is a secreted, multifunctional, 

extracellular matrix (ECM), calcium-binding, and integrin-binding glycosylated 

phosphoprotein. It was first identified in 1986 in osteoblasts, as being secreted by them. It 

has a heterogeneous structure, presenting with three alternative splicing preserved isoforms 

OPN-a, OPN-b, and OPN-c, with different roles in cancer progression 124.  

 It is implicated in several normal biological functions and pathologic processes, through 

interaction with CD44 and multiple integrin receptors 125. OPN is produced physiologically 

by a broad range of cells including osteoblasts, osteoclasts, endothelial cells, epithelial  
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A. 

 

       B.                                                            C. 

              

Figure 9: (A) Sema4D expressed on the tumor and immune cells  (adapted from Franzolin 

G, Tamagnone L, 2019) 116; (B) IHC shows Sema4D+ve/high expression in tumor islands 

correlates with dense fibrotic stroma in a SCC of the maxillary sinus (p=0.0001); and 

inversely with stromal Sema4D+ve/high TAIs (p=0.011); (C) Sema4D+ve/high TAIs and 

Sema4D-ve/low tumor cells of SCC of the larynx (adapted from Derakhshandeh R, Sanadhya 

S, et al., 2018) 77. 
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Figure 10: Stratification of HNSCC tumors into four subtypes according to Sema4D and 

PD-L1 expression (adapted from Derakhshandeh R, Sanadhya S, et al., 2018) 77. 
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cells, smooth muscle cells, and other immune cells including macrophages, NK cells, or 

lymphocytes 124,126,127 (Figure 11). It has been identified in various body fluids like blood, 

saliva, and milk and in various tissues like bone, dentin, kidney, brain, playing a key role 

in bone remodeling and vascularization. 

It was described also in different pathological processes like tuberculosis, sarcoidosis or 

atherosclerosis, just to mention a few 128. OPN is also expressed by several immune cells 

including macrophages, neutrophils, DC and B and T-lymphocytes, acting as a chemotactic 

factor, as an adhesion protein, as a mediator of cell activation and cytokine production by 

upregulating expression of IFN-γ and IL-12, or by reducing production of IL-10 (essential 

in type I immunity pathway). It could act as well as an anti-apoptotic factor, thus regulating 

inflammation and immune responses 129. OPN is involved in tumor progression such as 

cell proliferation, angiogenesis, and metastasis 124 (Figure 11). It has also been shown, both 

in animal models and human tissues, to be involved in the tumorigenesis of several cancer 

types such as breast, stomach, prostate, lung, glioma, melanoma, salivary gland and 

HNSCC, acting through multiple signaling pathways to promote cell proliferation, 

adhesion, invasion, and migration 128,130,131. Upregulation of OPN plasma and tissue levels 

in several types of cancer, including OSCC, has been correlated with an advanced tumor 

stage, presence of metastasis and an overall poor outcome128,130,132, rendering OPN not only 

an independent diagnostic and prognostic biomarker, but a potential therapeutic target as 

well. 

Specifically, in OSCC, elevated levels of OPN at the tumor free surgical margins have 

proven predictive of recurrence 133,134  while overexpression of OPN by both tumor and  
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Figure 11: Osteopontin (OPN) expression and its function in tumor and bone remodeling 

(adapted from Pang X, Gong K et al., 2019) 124. 
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stromal cells have been correlated with tumor progression, reduced survival, and drug 

resistance to cis-platin and 5-fluorouracil 135-138. Plasma and serum OPN levels have been 

described as potential biomarkers in different diseases like obesity, chronic liver disease, 

type 2 diabetes, rheumatoid arthritis, myocardial infarction, even in COVID-19 patients, 

as well as in certain types of cancers like metastatic breast cancer, hepatocellular 

carcinoma, cervix cancer or even HNSCC patients139-145.  OPN levels in plasma was 

described as a possible biomarker for intensified hypoxia-specific treatment in HNSCC 

undergoing definitive chemotherapy in a cohort of 27 patients 146.  

 

So, in this context the multifactorial IFN-γ gene signature, the tumor mutational burden 

(TMB), the immuno-oncologic pathways involved, the density of the tumor stroma, the 

circulating immune cells and the soluble and traditional cytokines are among the factors to 

consider in determining the tumor microenvironment and in reading the histological 

inflammatory subtype in HNSCC.  
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II. HYPOTHESIS AND SPECIFIC AIMS 

 

Overall Objective: 

Tumor tissue represents an essential source of information that can be used in determining 

the course of treatment. Yet, in later stage malignancy, serial biopsies may not be possible. 

Soluble immune biomarkers detected in blood can potentially provide critical information 

at the initiation of treatment or at any time point of patient care to predict or monitor 

response to treatment 147-150. However, the impact of soluble immune biomarkers in 

HNSCC is still limited, requiring further studies. Our overall objective for this study is to 

identify soluble immune biomarkers signature that can read the underlying tumor immune 

profile. 

The Hypothesis of the current work is that the soluble immune cytokines in blood can serve 

as diagnostic biomarkers of the underlying histological inflammatory profile of HNSCC.  

Specific Aims: 

Aim 1: To define the histological inflammatory stromal subtypes (HIS) in HNSCC. 

Aim 2: To identify soluble immune biomarkers that read the underlying HIS in HNSCC. 

Aim 3: To investigate the mechanism by which HNSCC modulates the immune excluded 

HIS subtype / immune suppressive stromal phenotype. 

Significance: 

This study is important for better patients' stratification with the ultimate goal to enhance 

personalized patient care in HNSCC. 
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III. MATERIALS AND METHODS 

 

Tumor Tissue and Plasma Samples of HNSCC Patients  

Under the Institutional Review Board (IRB) approved protocol, University of Maryland 

School of Medicine (UMSOM) (HP-00073603), paired blood samples and whole excision 

tumor tissue were collected prospectively from 104 HNSCC patients upon informed patient 

consent. Our main inclusion criteria was tumors resected by surgery, as the initial line of 

treatment. Blood was drawn pre-operatively, in the day of surgery from each patient and 

~10ml were processed to obtain plasma within 2 hours from collection, in green sodium 

heparin tubes (catalog no. 366480; BD Vacutainer). Plasma from 51 patients with chronic 

inflammatory pathological conditions, and 11 samples from healthy donors (HD) served as 

controls, were collected under approved UMSOM IRB (HP-00074877). An additional 20 

HD plasma samples were purchased from Innovative Research (Novi, MI). The formalin-

fixed paraffin embedded (FFPE) tumor tissue was processed by the UMB Pathology 

Biorepository Services. Additionally, 20 OPSCC cases, p16+ve as the surrogate marker for 

HPV positivity in the oropharynx, were collected retrospectively upon patient informed 

consent and according to the IRB protocol (IRB HP-00088284). 

 

Immunohistochemistry 

For the Sema4D staining, the avidin-biotin complex (ABC) technique was used following 

Vectastain elite ABC kit (PK-6102, mouse IgG; Vector Laboratories, CA). Briefly, FFPE 

tissue sections were deparaffinized, then rehydrated in graded ethanol, treated with Tris- 

EDTA buffer for antigen retrieval, and quenched in hydrogen peroxide. Tissue sections 
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were blocked with 2.5% normal plasma, overnight at 4°C with Sema4D primary antibody 

(clone 30/CD100; catalog no. 610670; BD Transduction Laboratories), followed by 

biotinylated secondary antibody (catalog no. BA-9200), and Vectastain elite ABC kit 

(catalog no. PK-6102, mouse IgG; Vector Laboratories, CA). Primary antibody was 

omitted for negative controls. Diaminobenzidine chromogen (SK-4105) and Mayer’s 

hematoxylin (Sigma- Aldrich Corp.) were used. PD-L1 primary antibody (clone 28-8, 

catalog no. ab205921, Abcam), Universal HIER antigen retrieval reagent (catalog no. 

ab208572, Abcam), polymer detection kit HRP/DAB (catalog no. ab209101, Abcam), 

Amplifier and Detector, and DAB substrate kit (catalog no. ab64238, Abcam) were used 

following Abcam PD-L1 IHC protocol. 

Scoring for the Histological Inflammatory Subtype (HIS)  

Scoring for the histological inflammatory subtype (HIS) was carried using scanned digital 

slides on Leica Aperio ScanScope and viewed via the Aperio ImageScope software. The 

labeling index (LI) reflecting the intensity and extent of staining in the tumor cells (TC) 

and the immune cells (IC) was defined semi quantitatively using intensity and percentage 

of staining as (0) negative, (1) focal or diffuse weak staining, (2) focal strong positivity 

≤25%, and (3) for diffuse strong positivity >25%. Scoring was validated independently by 

3 board-certified surgical pathologists. The combined positive score (CPS) counted the 

intensity of stain for both the TC and IC positivity. Histological features scored included 

the extent of peritumoral stromal fibrosis, the extent of inflammation, the size of the tumor 

islands in relation to the number of immune IC infiltrate. The HIS subtype was scored 

according to Sema4D positive IC infiltrating into the tumor core, IC excluded by thin 

peritumoral fibrous rim or only at the tumor margin, or no IC in the stroma.  
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RNA Extraction for the nCounter and nSolver Analysis 

 

For RNA extraction, 3 to 5 unstained, 5 mm thick, FFPE tissue sections from 10 cases were 

used. Tumor tissue including 1-3 mm peritumoral stroma, was mapped manually (micro 

dissected) and scratched out the slides, guided by one H&E-stained section of each tumor. 

RNA extraction and quality check were done at the UMB Translational Genomic Core 

Facility, using RNeasy FFPE kit (catalog no. 73504; Qiagen). RNA quality control (QC) 

analysis was run on nanochip, to ensure required 200nt in 50-300ng with no prior 

amplification or enzymatic reaction. The 770 genes code sets nCounter Human Pan Cancer 

IO-360 code set+ panel standard (catalog no. XT-CSPS-HIO360-12) and Master Kit-NAA-

AKIT-012 platform were purchased from nanoString Technology (Seattle, WA). 

Hybridization was carried in a regular thermal cycler. The hybridized mix was purified 

using magnetic beads in the nCounter machine in the Institute of Genome Sciences, UMB. 

Data analysis was carried using IO-360 platform, using the nSolver 4.0 software basic and 

advanced custom analysis. 

Sema4D ELISA 

To detect the soluble Sema4D concentration in plasma samples we used direct ELISA as 

previously described 37. Briefly, we used the Immulon 4 HBX microtiter plates (Thermo 

Scientific, Waltham, MA) and coated with 50ul of undiluted plasma/ well, washed with 

ELISA washing buffer, then incubated with anti-human CD100 antibody (clone: 133-1C6; 

catalog no. 14-1009-82; Invitrogen, eBioscience, CA) overnight. Then, next day followed 

by Goat anti-mouse IgM- Heavy chain, HRP conjugate secondary antibody incubated for 

2h (catalog no. 62-6820; Invitrogen USA, IL), followed by detection with TMB (catalog 
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no. 421101, Biolegend, CA) and Stop Solution (catalog no. 77316; Biolegend, CA). The 

concentrations of Sema4D were calculated applying the standard curve established using 

recombinant Sema4D (catalog no. 310-29, PeproTech, Rocky Hill, NJ). The detection limit 

was 3.1ng/ml-1000ng/ml. Plates were read at 450nm wavelength using BioTek Epoch 

microplate spectrophotometer. All samples were run in triplicates. 

Luminex Bead-Based Multiplex Assay  

The Luminex Bead-based Multiplex Assay was performed on plasma samples at the 

University of Maryland Center for Innovative Biomedical Resources, Cytokine 

Laboratory. Plasma samples collected from 10 HNSCC out of the 104 cases, patients of 

which 5 HIS-immune inflamed (HIS-INF)/ low levels of soluble Semaphorin 4D (LsS4D) 

and 5 HIS-immune excluded (HIS-IE)/ high levels of soluble Semaphorin 4D (HsS4D) 

were analyzed. Additional 5 plasma samples collected from patients with AI/CI conditions 

and 5 from HD were used as controls.  The Human Cytokine/ Chemokine Luminex™ 

System (Panel A38 – Millipore Sigma) Millipore kit no. HCYTMAG-60K was used 

following the manufacturer recommendations to detect the 38 Th1, Th2 cytokines/ 

chemokines in plasma: EGF; FGF-2; EOTAXIN; TGF-A; GCSF; FLT-3L; GMCSF; 

FRACTALKINE; IFN-A2; IFN-G; GRO; IL-10; MCP-3; IL-12 P40; MDC; IL-12 P70; 

IL-13; IL-15; CD40L; IL-17A; IL-1RA; IL-1A; IL-9; IL-1B; IL-2; IL-3; IL-4; IL-5; IL-6; 

IL-7; IL-8; IP-10; MCP-1; MIP-1A; MIP-1B; TNF-A; TNF-B; VEGF and two of Th17 

cytokines/ chemokines: IL-17E and IL-17F. TGFB-MAG-64K kit was used for detection 

of TGF-β1 levels. Using Luminex MagPix reader, the plates were read at 450 - 660 beads 

in a tube and the readings were expressed as the median fluorescence. For the plate control 
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each individual analyte was monitored between plates for variations in their % CV 

(coefficient of variation) both within each plate and between plates. 

Tissue Culture, Sema4D siRNA and Osteopontin Treatment 

 HNSCC cell lines WSU-HN6 (T3N2bM0) and WSU-HN4 (T4N1M0) of the base of the 

tongue, NOKSI (normal oral-keratinocytes), and DOK (dysplastic oral keratinocytes) cell 

lines were used. The WSU-HN6 and NOKSI were DNA authenticated at Johns Hopkins 

Genetic Resources Core Facility, Baltimore. DOK was a gift from Dr. Abraham Schneider. 

Cells were cultured in DMEM media with FBS. The siRNA system Hs_SEMA4D_6 

(20nM), (catalog no. SI03053701; Qiagen Inc, Germantown, MD), siRNA system 

Hs_PLXNB1_6 (20nM), (catalog no. SI02757566; Qiagen Inc, Germantown, MD), 

HiPerFect transfection reagent (catalog no.301705; Qiagen Inc, Germantown, MD) were 

used for Sema4D and respectively Plexin B1 gene silencing. Recombinant Human-OPN 

protein (catalog no. 120-35-50UG; PeproTech) was reconstituted and diluted in the tissue 

culture media at different concentrations to treat the HN6 cell lines. 

 

Western Blot  

Conditioned media (CM) was collected, and cells were harvested in SDS cell lysis buffer 

with the protease inhibitor tablet (catalog no. 11836170001; Roche Diagnostics). CM was 

concentrated using Millipore Amicon Ultra centrifugal filter units (catalog no. 

UFC900308) or Vivaspin tubs (catalog no. VSo2H11). Whole-cell lysate and concentrated 

CM were separated using SDS-PAGE Western Blot. As primary antibodies were used: 

Sema4D (30/CD100, catalog no. 610671; BD Biosciences/ Pharmingen, San Diego, CA), 

Plexin B1 (catalog no. sc-28372; Santa Cruz Biotechnology), Plexin B1 (catalog no. 
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ab90087; Abcam), Osteopontin (catalog no. 100-401-404S; Rockland), GAPDH (14C10, 

catalog no. 2118S; Cell Signaling Technology, Danvers, MA), phospho-AKT (S473) 

(catalog no. 9171T; Cell Signaling Technology, Danvers, MA); phospho-AKT (T308) 

(catalog no.4056S; Cell Signaling Technology, Danvers, MA), phospho-ERK (P-

p44/42MAPK) (catalog no. 4370S; Cell Signaling Technology, Danvers, MA), total-ERK 

(p44/42 MAPK (ERK1/2)) (catalog no. 4695S; Cell Signaling Technology, Danvers, MA), 

total-AKT (C67E7, catalog no. 4691T; Cell Signaling Technology, Danvers, MA), 

Phospho-S6 Ribosomal Protein (S240/244) (catalog no. 2215S; Cell Signaling 

Technology, Danvers, MA), total-S6 Ribosomal Protein (5G10) (catalog no. 2217S; Cell 

Signaling Technology, Danvers, MA), Fractalkine (CX3CL1) (catalog no. ab89229; 

Abcam). The secondary antibodies used were anti-rabbit IgG (catalog no.7074S; Cell 

Signaling Technology, Danvers, MA) or anti-mouse IgG (catalog no. sc-2302; Santa Cruz 

Biotechnology). Immobilon Forte (catalog no. WBLUF0100; EMD Millipore Corporation, 

Burlington, MA) was used for exposure. Image J software, version 1.53k, was used for the 

immunoblot quantification analyses. 

TGF-β, FGF-2 and FGF-18 ELISA in Conditioned Media (CM) 

To determine the TGF-β1, FGF2 and FGF18 levels in CM collected from WSU-HN6 and 

WSU-HN4 we used Legend Max Total Human TGF-β1 ELISA kit (catalog no.436707; 

BioLegend, San Diego, CA), Human FGF-basic ELISA kit (catalog no. 434309; 

BioLegend, San Diego, CA), FGF18 ELISA kit colorimetric (catalog no. NBP3-06766; 

Novus Biologicals, Centennial, CO) following manufacturer recommendations. Plates 

were read using BioTek Epoch microplate spectrophotometer at 450nm within 15 min. All 

samples were run in triplicates. 
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In Vitro Cytokine Analyses 

Human Cytokine Array Kit from R&D System (catalog no. ARY022B) for 104 cytokines 

detection in CM was used according to the manufacturer protocol. CM was concentrated 

using Millipore Amicon Ultra centrifugal filter units (catalog no. UFC900308) and added 

to the activated membranes overnight. Membranes were washed and the detection antibody 

cocktail was added and incubated for 1 hour at room temperature. Streptavidin-HRP was 

added to each membrane and incubated 30 minutes at room temperature on shaker. Chemi 

Reagent Mix was used for exposure. 

Statistical Analysis 

 

The distribution of sSema4D and other scale variables were compared between groups of 

patients using non-parametric statistics, the independent-samples Mann-Whitney U test in 

case of two groups, and the independent-samples Kruskal-Wallis test in case of three or 

more groups. Associations between scale variables were quantified using Spearman’s rank 

correlation coefficient, Rs, and tested against the null hypothesis of Rs=0. Categorical 

variables were summarized as frequency distributions with indication of the relative 

frequency and its 95% confidence limits in parenthesis when relevant. All p-values are 

two-tailed; statistical significance was called for p < 0.05. A Bonferroni correction was 

applied to adjust for multiple comparisons, whenever relevant. Binary logistic regression 

was used for multivariable analysis of patient- and disease-characteristics associated with 

having elevated sSema4D levels. Statistical analysis of patient engagement, and survey 

data was conducted using IBM® SPSS® Statistics for Windows, release 24.0.0 (IBM 

Corp., Armonk, N.Y., USA). nSolver 4.0 analysis uses the student t-test with statistical 

significance p < 0.05. 
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Prism/ Graph Pad software was used for the distribution of the 40 plasma cytokines among 

the groups, the two-group comparison was carried using the t-test or Mann–Whitney U 

test. For multiple comparison using either three groups (HNSCC, AI/CI and HD) or the 

four groups (HIS-INF, HIS-IE, AI/CI, and HD) independent-samples Kruskal–Wallis test 

was used. Statistically significant was considered a p-value of less than 0.05 (*); less than 

0.01 was (**) or <0.0001(***). Prism/ Graph Pad software and Excel were used for 

statistical analyses. No mathematical correction was made for multiple comparisons. The 

global cytokine clustergram was plotted using MORPHEUS Versatile matrix visualization 

and analysis software. For the nSolver 4.0 analysis student t-test was used, with statistical 

significance of p < 0.05.  
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IV. RESULTS 

IV. A. Stratification of HNSCC Tumors According to the Histological Inflammatory 

Subtype and Immune-Oncologic Profile 

1. Immunohistochemical Analysis of the HIS Subtypes in HNSCC Using Immune 

biomarkers Sema4D and PD-L1 

Histological patterns of tumor inflammation were described before, using the 

Immunoscore of T cell infiltration in the tumor microenvironment 51,55. Sema4D is an 

immune biomarker that may be informative for the global immune contexture and hence 

facilitate visualization of all leukocytes in the tumor core and peritumoral stroma instead 

of scoring T cells only. 55,77,107,119,151. To describe the pattern of histological inflammatory 

subtypes (HIS) in the current cohort, we performed IHC to assess Sema4D expression on 

the 104 tumor samples from HNSCC (Figures 12 & 13). Out of the 104 cases, 8 cases were 

excluded due to lack of peritumoral stroma. We examined the Sema4D positive immune 

cells (IC) infiltrate at the tumor invasive front, peritumoral stroma, and tumor core. 

Sema4D showed moderate to strong membranous and cytoplasmic staining of the IC. In 

the tumor cells (TC), Sema4D showed membranous and/ or cytoplasmic staining that 

ranged from negative/ weak to moderate/ strong staining. IC infiltration into the tumor 

islands was observed in 50 tumors (52%) that were scored as inflamed HIS (HIS-INF) 

(Figures 14 A&B) 28. IC infiltration mainly at the tumor invasive front, or between the 

tumor islands, but excluded by a thin peri-tumoral fibro-myxoid/ fibrous rim, was a 

discriminatory factor to score as HIS-IE. This was observed in 38 cases (40%) (Figures 14  
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Figure 12: Experimental outline and the workflow. Paired whole excisional tumor tissue 

and peripheral blood collected from 104 HNSCC patients at the same time point to allow 

for real time analysis of sSema4D and/ or traditional cytokines in plasma in correlation to 

HIS and DGE. sSema4D: soluble Sema4D; IHC: immunohistochemistry; FFPE: formalin-

fixed paraffin-embedded tissue; HIS: histological inflammatory subtype; IFN-γ TIS: 

Interferon-gamma tumor immune signature; DGE: differential gene expression; IO-360, 

770 DGE: Immuno-Oncologic 770 gene set.  
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Figure 13: Demographics and clinico-pathologic characteristics of the 104 HNSCC 

patients including location of the tumor, gender, race, smoking or alcohol consumption 

status, staging of the tumor and distribution by age groups. 
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C&D) 28. The stroma was almost deserted of IC infiltrate in 8 cases (8%) and was scored 

as histologically immune deserted (HIS-ID) (Figures 14 E&F) 28.  

The intensity of PD-L1 staining for the tumor cells and the inflammatory cells was almost 

the same, hence did not provide the stratification potential as Sema4D staining, as it was 

difficult to discern the inflammatory cells from the tumor cells using PD-L1, in most of the 

sections (Figure 15). 

To investigate if the HIS stratification model is applicable in the OPSCC, an additional 20 

HPV+ve HNSCC cases were retrospectively collected, and all confirmed with p16 positive 

staining. Most of the cases where from base of the tongue or tonsillar/ tonsillar sulcus area. 

We considered and evaluated exclusively 19 cases out of 20, after excluding one case of 

uncertain location. Using Sema4D IHC scoring criteria described above, the HPV+ve 

OPSCC cases were represented by nine tumors with HIS-INF (47%), where the IC are 

infiltrating into the tumor islands (Figure 16A-C) and 10 cases of HIS-IE (53%), where the 

IC were located mainly outside the tumor islands (Figure 16D-F).  
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Figure 14: Defining the HIS subtypes using Sema4D IHC staining in HNSCC tumor 

tissue. (A, B) HIS-INF HNSCC tumors demonstrating IC infiltrate into the core of the 

tumor islands; (C, D) HIS-IE in HNSCC (C) base of tongue SCC (D) shows IC excluded 

from tumor island by a rim of PTSF (C) or FMX rim (D); (E, F) HIS-ID in HNSCC 

showing cold non-inflamed fibrotic dense stroma deserted of IC. IHC: 

immunohistochemistry; HIS: histological inflammatory stroma subtype; INF: inflamed; (0 

- negative, 1 - weak, 2 - positive (≤25%), 3 - strongly positive (>25%)). Extent of INF: 

extent of inflammatory cell present independent of the pattern (HIS-INF or HIS-IE), IE: 

immune excluded; D: immune deserted; FMX: fibro-myxoid; PTSF: peri-tumoral stromal 

fibrosis; TC: tumor cell, IC: immune cell, CPS: compound positive score (adapted from 

Younis RH, Ghita I et al., 2021) 28. 
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Figure 15: PD-L1 IHC stain in HNSCC tumor tissue. (A) immune inflamed (HIS-INF); 

(B) immune excluded (HIS-IE) and (C) immune deserted (HIS-ID) (0 - negative, 1 - weak, 

2 - positive (≤25%), 3 - strongly positive (>25%)). 
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Figure 16: HPV+ve OPSCC HIS subtypes using Sema4D IHC staining. (A) H&E stain of 

nonkeratinizing HPV+ve OPSCC; (B) Sema4D IHC staining illustrating the tumor 

inflammation (HIS-INF); (C) high power view of the same section as in (B); (D) H&E 

stain of basaloid SCC of the base of tongue; (E) Sema4D IHC staining illustrating the 

immune excluded tumor inflammation (HIS-IE); (F) High power of view of same section 

as in (E). OPSCC: oro-pharyngeal squamous cell carcinoma   
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2. Correlation of the HIS Subtype with Demographics and Clinico-Pathological 

Characteristics 

After exclusions, out of the 104 cases, 87 were conventional OSCC of the oral and mobile 

tongue. Out of this group 49 (56%) were HIS-INF/ID and 38 cases (44%) HIS-IE. 

Interestingly, the HIS-IE/ID subtype of the OSCC correlated with younger age (with a 

median of 62.5-year-old) (p value = 0.008) and high-risk location sites like tongue or floor 

of the mouth (p value = 0.0497). The peritumoral stromal fibrosis (PTSF) correlated with 

male patients (p value = 0.0043), smokers (p value = 0.0455) and alcohol drinkers (p value 

= 0.0044).  PTSF also correlated with prior history of radiotherapy (p value = 0.0488), 

increased tumor size (p value = 0.0054) and higher stage (stages III and IV) (p value = 

0.002).  

Further, we wanted to see if there was any difference in terms of clinico-pathological 

characteristics and demographics between the HPV+ve and HPV-ve in the current cohorts 

of patients. For these analyses we had a total number of 120 patients, out of which 101 

(84%) HPV-ve cases (selected from the initial group of 104 patients) and 19 HPV+ve, 

representing 16%.  The predominant race in both groups was Caucasian with 84 cases out 

of 101 for HPV-ve and 18 out of 19 for HPV+ve. 

Regarding the histological subtype for the HPV-ve group we had 52% HIS-INF and 48% 

HIS-IE/ID. For the HPV+ve group we had almost equal numbers with 47% (9 cases) HIS-

INF and 53% (10 cases) HIS-IE/ID (Figure 17). 
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Figure 17: HPV+ve versus HPV-ve - correlation with the HIS subtype. HPV-ve 101 cases 

(84%), HPV+ve 19 cases (16%); histological subtype: for HPV+ve group - 47% HIS-INF 

and 53% HIS-IE/ID; for HPV-ve group - 52% HIS-INF and 48% HIS-IE/ID (p = 0.8033). 
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Out of the 101 HPV-ve patients, 59 were males and 42 females and with a mean age of 

66.52 and a median age of 66 years old. In the other group, out of the 19 HPV+ve cases, 

13 were males and 6 females and with a mean age of 64.73 and a median age of 65 years 

old (Figure 18).   

We did not find any statistically significant correlation within the HPV+ve group, neither 

with age, gender, smoking, location, nor stage. Interestingly, there was a very significant 

statistical correlation between HPV+ve and alcohol drinking patients (p < 0.0001) (Figure 

18). 

When we analyzed only the 19 HPV+ve OPSCC cases and correlated the histological 

inflammatory profile with demographics, we found that 10 patients (53%) were HIS-IE, 

and 9 patients (47%) were HIS-INF. Within the HPV+ve group, there was no statistically 

significant correlation between the 2 histological inflammatory subtypes with any of the 

demographics or clinico-pathological characteristics. And there was no statistically 

significant correlation between the presence of PTSF with any of the demographics or 

clinico-pathological characteristics within the HPV+ve cohort (Figure 19). 
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Figure 18: HPV+ve versus HPV-ve - correlation with the demographics and clinico-

pathologic characteristics including age, gender, location, smoking or alcohol consumption 

and stage. 
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Figure 19: The HIS subtype (INF vs IE) in HPV+ve cases and correlation with 

demographics and clinico-pathologic characteristics including age, gender, stage, smoking 

or alcohol consumption.  
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3. Validation of the HIS Subtypes on Immuno-Oncological Transcriptional Level 

 

To validate the HIS subtypes stratification observed upon Sema4D IHC scoring, we used 

the nanoString immune-oncologic platform to investigate the underlying tumor IFN-γ 

signature (TIS), previously described to predict response to SIT in HNSCC, as well as other 

tumor types 82  (Table 2, Figure 6). 

Indeed, using a representative number of samples, the HIS-IE and HIS-INF, that were 

scored histologically using Sema4D, segregated on principal component (PC.1) analysis 

(Figure 20A) 28. The refined 6 gene tumor immune signature (IDO1, CXCL10, CXCL9, 

HLA-DRA, STAT1, IFNG) (Table 2) was carried on a sample of cases representative of 

the Sema4D HIS subtypes using basic nSolver analysis (Figure 20B) 28. The expanded 

IFN-γ 16 gene signature (CD3D, IDO1, CD3E, CCL5, GZMK, CD2, HLA-DRA, 

CXCL13, IL2RG, NKG7, HLA-E, CXCR6, LAG3, CXCL10, STAT1, GZMB) was also 

run on individual samples and on grouped samples (Figure 21) 28. Furthermore, the final 

validated T cell inflamed 18 gene signature (PSMB10, TIGIT, NKG7, PDCD1LG2, HLA-

E, CCL5, CXCL9, STAT1, LAG3, IDO1, CD8A, CD27, CXCR6, HLA-DRB1, CMKLR1, 

HLA-DQA1, CD274, CD276) (Figure 6) was carried on grouped samples representative 

of the three HIS subtypes (Figure 20C) 28. Interestingly, Sema4D HIS-INF tumors showed 

a positive IFN-γ 6 gene signature, and the HIS-IE and HIS-ID were negative for the IFN-

γ 6 gene signature (Figure 20B) 28. The same distribution was observed using the expanded 

16 gene signature (Figure 21A&B) 28 and the final validated IFN-γ 18 gene signature 

(Figure 20C) 28. So, the HIS-INF subtype corelated mostly with high/ positive (green) for 

the TIS, while the HIS-IE/ ID subtypes were mostly low/ negative (red) for the IFN-γ TIS 

(Figure 20B&C and Figure 21A&B) 28. 
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A.                                                                

 
B.                                                                                C. 

               

Figure 20: Validation of the Sema4D HIS subtypes using PCA and IFN-γ signature on 

nSolver 4.0 analysis. (A) PCA analysis of the HIS-IE and HIS-INF; (B) Heat map of the 

refined six IFN-γ-signature in representative HIS tumors; (C) Heat map illustrating final 

IFN-γ 18 gene signatures between grouped cases of the three HIS subtypes (OSCC 5&6 - 

INF), (OSCC 7&8 - IE), (OSCC 9&10 - ID). INF: inflamed; IE: immune excluded; ID: 

immune deserted; SF: stromal fibrosis; PCA: principal component analysis. Green is 

positive; red is negative (adapted from Younis RH, Ghita I et al., 2021) 28. 
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A.                                                                  B. 

 

Figure 21. Validation of the HIS subtypes on Immuno-oncologic transcriptional level using 

the 16 gene IFN-γ Tumor Inflammation Signature (TIS). (A) Heat map illustrating 

individual tumors using IFN-γ expanded 16 genes signature; (B) Heat map of expanded 

IFN-γ 16 genes signature between grouped cases of the three HIS subtypes (OSCC 5&6 - 

INF), (OSCC 7&8 - IE), (OSCC 9&10 - ID)).  INF: inflamed; IE: immune excluded; ID: 

immune deserted (adapted from Younis RH, Ghita I et al., 2021) 28. 
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IV. B. Soluble Inflammatory Cytokines in Plasma of HNSCC Distinguishes the 

Underlying HIS Subtype 

 

1. sSema4D in Plasma of a Cohort of HNSCC Patients  

 

High levels of sSema4D (HsS4D) have been described in chronic inflammatory conditions 

like osteoarthritis (OA), rheumatoid arthritis (RA), other autoimmune conditions (AI), and 

allergic reactions, like asthma (A) 111,114. sSema4D was also previously described in plasma 

of HNSCC 37.  

To investigate the potential of sSema4D in peripheral blood as a soluble immune biomarker 

that can read the pattern of inflammation in HNSCC patients, we analyzed the level of 

sSema4D in the plasma obtained from paired blood samples of the same 104 HNSCC 

patients on which we initially described the IHC analyses of HIS stratification (as described 

under Aim 1/ chapter IV.A.1) and compared it to the control groups of healthy donors (HD) 

and patients with autoimmune/ chronic inflammatory (AI/ CI) conditions (including AI, A, 

and OA) (Table 3) 28. Our data showed that there was no statistically significant difference 

between sSema4D levels among the AI/A/OA conditions (p = 0.07). The level of sSema4D 

was highest within the collagenous AI (Col AI) group (p = 0.011), and in the RA group, 

compared to other Col AI diseases (p = 0.012) (Figure 22 A&B) 28.  

sSema4D levels were significantly higher in the AI/A/OA group compared to HNSCC (p 

= 0.003, adj p = 0.009) and HD (p < 0.001, adj p = 0.001). There was no statistically 

significant difference observed between the sSema4D level in HD comparing to HNSCC 

(p = 0.051, adjust p = 0.152) (Figure 23) 28.  
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Table 3: Descriptive analysis of the AI/A/CI controls for sSema4D in plasma (adapted 

from Younis RH, Ghita I et al., 2021)  28. 
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Figure 22. sSema4D in plasma of AI/A/OA. Box and whisker plot illustrating 

independent-samples Kruskal-Wallis test showing (A) sSema4D level in plasma of 

AI/A/CI; (B) sSema4D in RA versus other Col AI conditions. AI: autoimmune diseases; 

A: asthma; CI: chronic inflammation (osteoarthritis); RA: rheumatoid arthritis; other Col 

AI: other collagenous AI diseases (adapted from Younis RH, Ghita I et al., 2021) 28. 
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Figure 23. sSema4D levels in plasma of HNSCC vs CI (AI/A/OA) vs HD patients. Box 

and whisker plots illustrating independent-samples Kruskal-Wallis. HNSCC: head and 

neck squamous cell carcinoma; HD: healthy donors; CI: chronic inflammatory conditions 

(adapted from - Younis R.H., Ghita I. et al., 2021) 28. 
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However, 75% of HNSCC cases had higher sSema4D levels in plasma than the median of 

the HD (above 83ng/ml). There was no statistically significant association observed 

between sSema4D levels in plasma and other clinical or demographic characteristics 

including smoking or alcohol drinking (Table 4) 28. The HPV+ve cases, and various racial 

groups were limited in number, which prevented conclusive results related to these 

variables in this current cohort of 104 HNSCC patients.  
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Table 4: HNSCC (104 cases) – patients’ demographics and correlation with sSema4D in 

blood (adapted from Younis RH, Ghita I et al., 2021).  28 

 
 
Decimals are rounded to the nearest whole number. # AJCC 8th edition staging system. Only significant p 

values for the HNSCC racial groups are mentioned. Caucasian versus African American$ and Caucasian 

versus Asian ɸ. HPV+ve: 1 oropharyngeal and 3 oral SCC. HNSCC patients with history of dysplasia showed 

less level of sSema4D in plasma compared to other HNSCC groups 28.  
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2. sSema4D in Plasma Reads the Underlying HIS Profile 

 

To investigate the potential of sSema4D as a soluble immune biomarker that can read the 

underlying tumor inflammatory stromal subtype, we analyzed the level of sSema4D in 

plasma with the paired tumor HIS subtype. The paired plasma and tumor tissue were 

collected at the same time point to allow for real time analysis (Figure 12). We defined a 

patient as having elevated levels of sSema4D (HsS4D) if the value exceeded 155ng/ml, the 

95th percentile of the levels measured in HD. Using this definition, 25.0% (95% CI, 16.7% 

- 34.9%) of patients with HNSCC presented with elevated sSema4D (Figure 23) 28 (Table 

5) 28. Our data showed a statistically significant association between HIS and HsS4D in 

plasma, P = 0.007. This is driven by HIS-IE, where the proportion of cases with HsS4D is 

42% with exact binomial confidence limits (26%, 59%) as compared with HIS-INF where 

14% (6%, 27%) presented with HsS4D (Figure 24A) (Table 6) 28.   

The tumor was scored for the Sema4D and PD-L1 in IC and TC. Interestingly, sSema4D 

levels in plasma correlated significantly with Sema4D+ve TC (p = 0.018) (Figure 24B) 28 

and PD-L1+ve IC (p = 0.038). Furthermore, Sema4D+ve TC also correlated with PD-L1+ve 

IC (p = 0.031). There was no statistically significant correlation observed between 

sSema4D and Sema4D in IC, PD-L1 in TC, nor PD-L1 or Sema4D CPS (Table 7) 28.  
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Table 5: Descriptive analysis of age, race, and sSema4D in plasma of HNSCC patients, 

AI/A/OA, and HD (adapted from Younis RH, Ghita I et al., 2021) 28. 
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               A. 

        B.   

 

Figure 24. sSema4D and HIS scoring. (A&B) Box and whisker plots illustrating 

independent samples Kruskal–Wallis test of (A) the sSema4D in relation to the HIS 

subtypes (INF, IE, ID); (B) sSema4D levels correlate with Sema4D scoring in TC. TC: 

tumor cell; HIS: histological inflammatory subtype; INF: inflamed; IE: immune excluded; 

ID: immune deserted. The circles and asterisks represent samples with higher level brackets 

(adapted from Younis RH, Ghita I et al., 2021) 28. 
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Table 6. HsS4D in plasma is associated with HIS-IE (adapted from Younis RH, Ghita I et 

al., 2021)  28.  

 

 

 

 

 

 

 

 

 

 

 

 



 
 

69 
 

Table 7: Sema4D and PD-L1 scoring in tumor cells and immune cells in relation to 

sSema4D in plasma (adapted from Younis RH, Ghita I et al., 2021)  28. 

  
Decimals are rounded to the nearest whole. 0 - negative, 1 - weak, 2 - positive, 3 - strongly positive. Extent 

of INF: extent of inflammatory cell present independent of the pattern (INF or IE); TC: tumor cells; IC: 

immune cells; CPS: compound positive score.  
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We performed a multivariable logistic regression analysis to identify patient-level factors 

associated with elevated HsS4D in patients with HNSCC. Patient-level factors tested in the 

model were age, gender, race, stage of disease, lympho-vascular invasion, smoking history, 

alcohol use, HIS, PD-L1 in IC, and PD-L1 in TC. Among these, HIS was highly 

statistically significant in the final model, P = 0.0014 (Likelihood ratio test) in a model 

adjusting for PD-L1 in TC (P = 0.035). The post-hoc test showed that most of the contrast 

related to HIS was between HIS-IE and HIS-INF, with an odds ratio for presenting with 

elevated sSema4D of 6.3 with 95% CI (2.2, 18.4), P = 0.0007 for patients with HIS-IE 

tumors. This analysis suggests that the information on HIS conveyed by Sema4D is 

independent of PD-L1. 

We further analyzed the final 18 gene IFN-γ signature (Table 2; Figure 6) 28 in a sample of 

10 cases in relation to the level of sSema4D in plasma, using basic nSolver 4.0 analysis. 

The 10 cases were selected to include replicates of the HIS patterns (INF versus IE and/or 

ID), and Sema4D+ve and -ve tumor cells. They were also selected to include replicates of 

Sema4D/ PD-L1 co-positive tumor cells versus Sema4D-ve/ PD-L1+ve tumor cells, as 

previously characterized 77 (Figure 25) 28. The reference cut off value >155ng/ml for high 

sSema4D (HsS4D) in plasma was used. Four cases that were scored as HIS-IE or HIS-ID 

revealed HsS4D in plasma and clustered as a negative IFN-γ immune signature. On the 

other hand, two cases of HIS-INF were LsS4D in plasma and clustered as a positive IFN-

γ signature. The remaining four cases represented a gray zone of IFN-γ expression, two of 

which were HIS-IE with a group of downregulated IFN-γ genes, and HsS4D in plasma that 

clustered more towards the positive IFN-γ signature (Figure 25) 28. 
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Figure 25. HsS4D in plasma of HNSCC is associated with a negative IFN-γ signature. 

Tumor tissue heat map for the IFN-γ 18 gene immune signature with corresponding HIS 

scoring and sSema4D levels in plasma. The 10 samples were mainly selected based on the 

HIS, and Sema4D in TC. HIS: histological inflammatory subtype; INF: inflamed; IE: 

immune excluded; ID: immune deserted; HsS4D: high sSema4D in plasma; LsS4D: low 

sSema4D in plasma; TC: tumor cells; green - positive; red - negative (adapted from Younis 

RH, Ghita I et al., 2021) 28. 
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One case of HIS-IE, with considerable number of downregulated IFN-γ genes, was LsS4D 

in blood and clustered towards IFN-γ positive. One case of the HIS-INF, with IFN-γ 

positive signature, was HsS4D. Interestingly, this case had a group of downregulated IFN-

γ genes (Figure 25) 28. 

The biological association between HsS4D and HIS-IE raises the question whether 

Sema4D is of potential use as a predictive biomarker for the underlying tumor 

inflammatory stromal subtype. To answer this question, we performed a receiver operating 

characteristic (ROC) curve analysis. The area under the receiver operating characteristic 

(ROC) curve for Sema4D as a predictor of HIS-IE was 0.59 with 95% CI (0.46, 0.71). This 

was not statistically significantly different from the null hypothesis of AUC = 0.5, P = 0.17. 

The sensitivity of elevated HsS4D for predicting HIS-IE was 42% with 95% CI (26%, 

59%) and the specificity was 86% with 95% CI (74%, 73%) (Figure 26) 28. 
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Figure 26: ROC curve sSema4D ELISA blood assay in HNSCC. ROC curve of the 

specificity and sensitivity of the HsS4D as a predictive marker of HIS-IE (sensitivity 42% 

with 95% CI (26%, 59%), specificity 86% with 95% CI (74%, 73%)) (adapted from Younis 

RH, Ghita I et al., 2021) 28. 
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3. The Underlying Immune-Oncologic Profile of the HsS4D Compared to the LsS4D in 

HNSCC 

We then investigated the underlying immune-oncologic profile of the HsS4D compared to 

the LsS4D. We used the IO-360, 770 genes representative of the oncogenic pathways, 

tumor inflammation and tumor microenvironment. RNA was extracted from mapped FFPE 

tumor tissue. Using the sSema4D as a predictor variable, with a customized, advanced 

nSolver analysis, differential gene expression of ~ 40 genes with significant fold change 

was observed in the LsS4D versus the HsS4D (Figure 27) 28.  

OPN, ULBP2, COL11A1, and MMP7 were among the most upregulated in HsS4D 

compared to the LsS4D. The T cell inflamed tumor biomarker CD274 (PD-L1) was 

significantly upregulated in the LsS4D in addition to BATF3, CD247 (CD3ζ), CD80 

among others (Figure 27) 28.  

The distribution of the IC type demonstrated total tumor infiltrating leukocytes (TILs) to 

predominate in LsS4D tumors (Figure 28A) 28. Analysis of the IC type relative to total 

TILs, showed Tregs to be the most numerous followed by B cells, exhausted T cells, then 

cytotoxic T cells in the LsS4D. Cytotoxic T cells were low in the LsS4D but were still 

higher than in HsS4D samples. Interestingly, the HsS4D had more mast cells, 

macrophages, and neutrophils in the TILs (Figure 28A) 28.  

A trend plot of the immune-oncologic signaling pathways showed that the highest was the 

lymphoid component, followed by costimulatory signaling, cytokines/ chemokines, 

immune cell adhesion and migration pathways. IFN-γ, antigen presentation, and 

cytotoxicity pathways were also elevated. JAK-STAT and NF kappa B pathways were also 

among the upregulated pathways in the LsS4D compared to the HsS4D. In the HsS4D the  
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Figure 27: Immuno-oncologic analysis of HNSCC tumor tissue using sSema4D as a 

predictor variable. DGE volcano plot, presenting linear regression of 770 genes using IO-

360, in LsS4D/ HIS-INF versus baseline of HsS4D/ HIS-IE. Table presents the top 20 

significant DGE genes. Duplicates of LsS4D/ HIS-INF with IFN-γ+ve (SCC 05, SCC 06), 

were compared to HsS4D/ HIS-IE with IFN-γ −ve (SCC 08 & SCC 10) and HsS4D/ HIS-

IE IFN-γ +ve (SCC 01 and SCC 04) (guided by Figure 25). DGE: differential gene 

expression; LsS4D: low level of sSema4D in plasma; HsS4D: high level of sSema4D in 

plasma. P < 0.05 is significant (adapted from Younis RH, Ghita I et al., 2021) 28. 
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hypoxia and the Wnt signaling pathways were the most upregulated, followed by the 

Hedgehog pathway, metabolic stress, and TGF-β1 signaling (Figure 28B) 28. Taken 

together, these findings suggest that HsS4D in plasma reads the underlying non-inflamed 

tumor, hypoxic and metabolically stressed microenvironment. 

Interestingly, using the NanoString platform, when we looked into pathways in cancer 

differential expression between HIS-INF/ LsS4D group and HIS-IE/ HsS4D group, having 

the last group as a baseline, we found the FGF pathway significantly downregulated in the 

HIS-INF/ LsS4D, suggesting that FGF plays a role in the HIS-IE phenotype (Appendix 1). 

 

 

 

 



 
 

77 
 

 

Figure 28: Immuno-oncologic analysis of HNSCC tumor tissue using sSema4D as a 

predictor variable. (A) Immune cell type; (B) Oncologic pathways (adapted from Younis 

RH, Ghita I et al., 2021) 28. 
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4. Soluble Traditional Cytokines in Plasma of a Cohort of HNSCC Patients Read the 

Underlying HIS Subtype 

To investigate the differential level of expression of soluble inflammatory cytokines in 

plasma of HIS-INF and HIS-IE, we used the ELISA-Luminex™ system for analyses of 41 

traditional cytokines, 38 Th1, Th2; 2 Th17 and TGF-β1 in the paired plasma of 10 

representative cases of the collected HNSCC tumor tissue (Table 8) 152. Plasma from HD 

and AI/CI conditions patients were used as controls (Table 9) 152. 

Macrophage-derived chemokine (MDC) was excluded from the analysis because the 

values lay beyond the detection limit, except for the HIS-INF group. IL3 was also excluded 

because the values were lower than the detection limit of the assay in the HIS-INF. One 

case of HIS-INF was excluded because in addition to the HNSCC diagnosis, the patient 

had gout disease.  

The values of each cytokine were normalized to the corresponding values of HD for global 

observation. The distribution of most of the cytokines was highest in the AI/CI group 

followed by the HIS-IE, then by the HD. Most of the cytokines showed the lowest levels 

in the HIS-INF group, except for Eotaxin, IL6, IL-10 (Figure 29 and Figure 30) 152. There 

were significant differences between the groups for all cytokines in cluster A (Figure 29), 

except for IFN-γ. In other clusters GM-CSF, IL-5, Eotaxin, IL-8, and GRO were also 

different between the groups, whereas string tendency to significance was observed for IL-

10 (p = 0.0538) and IP-10 (p = 0.0507) (Figure 29) 152. 
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Table 8: Demographics and clinico-pathological information of the HNSCC cases selected 

for the Luminex assay (adapted from Ghita I, Piperi E et al., 2022, “in press”; 

DOI: 10.3389/froh.2022.993638) 152. 

 

                     

Fisher exact test was used for categorical variables. Two-way ANOVA test was used for age, stage and 

sSema4D. sSema4D expressed in ng/ml.  
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Table 9. Control samples (HD vs AI/CI) selected for the Luminex assay. Demographics 

and sSema4D levels (adapted from Ghita I, Piperi E et al., 2022, “in press”; 

DOI: 10.3389/froh.2022.993638) 152. 

 

           

Fisher exact test was used for categorical variables. Two-way ANOVA test was used for age, stage and 

sSema4D. AI/CI: autoimmune/ chronic inflammation (myasthenia gravis, sarcoidosis, asthma, rheumatoid 

arthritis with acute tonsilitis and rheumatoid arthritis); HD: healthy donors. sSema4D expressed in ng/ml. 
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Figure 29:  Global cytokine differential expression in plasma among HD, AI/CI, HIS-IE, 

HIS-INF. Heatmap of log2-transformed cytokine concentrations measured in the tested 

samples. Cytokines were clustered using Spearman rank correlation with complete linkage. 

The major clusters are sequentially labeled A - D to the right of the heatmap. The heatmap 

was constructed using Morpheus. The bar graph on the right shows negative log2-

transformed p-values for each cytokine based on Kruskal-Wallis analysis across the four 

groups. The line crossing some of the bars at the 4.322 value corresponds to the p value of 

0.05. HD: healthy donors; AI: autoimmune conditions; HIS-INF: HIS inflamed; HIS-IE: 

HIS immune excluded (adapted from Ghita I, Piperi E et al., 2022, “in press”; 

DOI: 10.3389/froh.2022.993638) 152. 
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Figure 30: Traditional soluble cytokine levels in HD, AI, HIS-IE, and HIS-INF. Each 

cytokine is normalized to its corresponding values in HD. MCP3 is omitted in the AI for 

better data visualization (adapted from Ghita I, Piperi E et al., 2022, “in press”; 

DOI: 10.3389/froh.2022.993638) 152.                                                 
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Multiple comparison analysis of HD, AI/CI and HNSCC, showed that the HNSCC group 

was higher than the HD in IL-8, IP-10 (CXCL10) and IL-1RA (Figure 31A&B) 152. Under 

two group analysis, only IL-8 maintained significance. Upon HNSCC HIS stratification, 

the IL-8 and IP-10 were statistically higher in HIS-IE (p = 0.028, and p = 0.0496, 

respectively), and IL-10 were higher in HIS-INF compared to HD (p = 0.048) (Figure 31C- 

E)152. IL-10 maintained significance on the two-group comparison. 

The HIS-IE was similar to the AI/CI and significantly higher than the HIS-INF in most of 

the cytokines (cluster A) (Figure 29) 152 using multiple comparison and/ or two group 

analyses. The same cytokine cluster was lowest in the HIS-INF. Also, GRO, MCP-1 

(Cluster D), and IL-2 showed higher levels in the HIS-IE compared to HIS-INF (Figure 

29; Figure 31 F-M; Table Appendix 2) 152. 

The AI/CI group was significantly higher in IL-1RA, IL-1A, and IL-1B, in addition to 

Fractalkine, IL12P40, and IL-9 from Cluster A, compared to the HD, using two group 

analysis (Table Appendix 2). IL-1RA, IL-5, IL-9 and IL-17E were higher in AI/CI 

compared to HNSCC and most retained significance using multiple comparison analyses 

(Figure 32A-C) 152. Upon HNSCC HIS stratification most of the forementioned cytokines 

were significantly higher in AI/CI compared to HIS-INF but not with HIS-IE. Only Eotaxin 

was significantly lower in the AI/CI group compared to the HNSCC, even after HIS 

stratification, it was significantly lower in the AI/CI compared to HIS-INF (Figure 32 D-

L; Table Appendix 2) 152. 
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Figure 31: Plasma cytokine levels of HNSCC versus HD or of HIS-IE versus HIS-INF. 

(A&B) Plasma cytokines demonstrating significant difference in expression between 

HNSCC and HD or (C-E) upon HIS-stratification (HIS-IE or HIS-INF) versus HD; (F-M) 

Differential cytokine expression between AI/CI versus HIS-IE versus HIS-INF. Multiple 

comparison analysis using Kruskal-Wallis test (adapted from Ghita I, Piperi E et al., 2022, 

“in press”; DOI: 10.3389/froh.2022.993638) 152. 
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Figure 32: Plasma cytokine levels of the AI/CI group versus HD versus HIS-IE versus 

HIS-INF. (A-D) Cytokines in AI/CI versus HD or HNSCC; (E-L) Cytokines in AI/CI 

versus stratified HNSCC HIS-INF and HIS-IE (multiple comparison Kruskal-Wallis test) 

(adapted from Ghita I, Piperi E et al., 2022, “in press”; 

DOI: 10.3389/froh.2022.993638)152. 
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IV. C. Mechanism of Modulation of the Histological Subtypes in HNSCC 

1. Sema4D/ AKT/ ERK in HNSCC Cell Line and the Effect on TGF-β, FGF2, FGF18 

and Fractalkine 

TGF-β1 is a multifunctional cytokine with an important role in modulating the activity and 

proliferation of immune cells, and it has an important role in cancer. TGF- β1 is also known 

as the master of fibrosis. Our lab has previously showed, in an in vitro fibrosis assay, 

decreased extra-cellular production of collagen by fibroblasts grown in CM of Sema4D-

sh-RNA HN6 cell line. In addition, inhibition of Sema4D/ Plexin-B1 in HNSCC decreases 

TGF-β1 production 77. Taken together, this suggests HN6 as an in vitro model of HNSCC 

induction of dense PTSF and immune suppression 37,77. 

Based on all these findings, we aimed to investigate if the HIS-IE HNSCC tumor phenotype 

is modulated through the Sema4D/ AKT/ ERK / TGF-β1 pathway, by silencing Sema4D 

in HN4 and HN6 cell lines, using Sema4D-siRNA. First, we used different Sema4Dsi 

titrations, respectively 5nM, 10nM and 20nM, and we concluded that 20nM was the ideal 

concentration for our experiments in both cell lines. The inhibition of Sema4D modulated 

the ERK phosphorylation (Figure 33) and decreased the TGF-β1 level in CM when 

silencing Sema4D in HN4, but not in HN6 (Figures 33, 34 & 35). In the HN6 cell line the 

inhibition of Sema4D decreased AKT (T308) and ERK phosphorylation (Figure 33C and 

Figure 34A) and in contrast, the TGF-β1 levels were increased in CM after Sema4D siRNA 

treatment (Figure 34B).  

In HN4 cell line Sema4D silencing lead to downregulation of pAKT (Th308) and pS6 

together with downregulation of TGF-β1 (Figure 34A&B).  
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Figure 33: Sema4D/ p-ERK and CM TGF-β1 levels in HN4 and HN6 HNSCC cell lines. 

(A) Western blot analysis of HN4 cell line after Sema4D downregulation using si-RNA at 

different concentrations (10nM, 20nM); (B) The levels of TGF-β1 in CM of HN4 in the 

same conditions as described in (A) determined by ELISA experiment; (C) Western blot 

analysis of HN6 cell line after Sema4D downregulation using si-RNA at different 

concentrations (5nM, 10nM, 20nM) and Ctrl Si-RNA; (D) The levels of TGF-β1 in CM of 

HN6 in the same conditions as described in (C) determined by ELISA experiment. Samples 

were collected at 48 hrs after transfection, and at 40 hrs after changing media. 
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Figure 34: Sema4D/ p-AKT/ p-ERK and CM TGF-β1 levels in HN4 and HN6 cell lines. 

(A) Western blot analyses of different signaling pathways in HN4 and HN6 cell lines after 

downregulation of Sema4D (20nM) (S4Dsi), compared to no treatment control cells 

(NoTx) and Ctrl. si-RNA (Ctrl. Si); (B) The levels of TGF-β1 in CM of HN4 and HN6 in 

the same conditions as described in (A), determined by ELISA experiment. CM: 

conditioned media. Samples were collected at 72 hrs after transfection and at 48 hrs after 

changing media. 
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          A. 

 
               B. 

 
 

Figure 35. Time-dependent changes in the levels of TGF-β1 in CM of HN6 cell line upon 

Sema4D inhibition. (A) TGF-β1 detected using ELISA after downregulation of Sema4D 

using specific si-RNA (20nM) at 24 hrs, 48 hrs and 72 hrs determined by ELISA 

experiment; (B) Western blot time-dependent changes of different signaling pathways 

analyzed at 24 hrs, 48 hrs and 72 hrs after downregulation of Sema4D using specific si-

RNA (20nM) in HN6 cell line. 
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Further, we checked the time-dependency in the TGF-β1 expression. Indeed, we found a 

decrease in p-ERK by Sema4D silencing, and a statistically significant decrease of TGF-

β1 at 72 hrs in Sema4Dsi compared to control si-RNA, suggesting a time-dependent role 

in TGF-β1 regulation in HN6 cell line (Figure 35A&B). In conclusion, TGF-β1 reduction 

upon inhibition of Sema4D seems to be cell type specific and that other cell signaling 

molecules might play a role in downregulating TGF-β1 upon inhibition of Sema4D.  

To further investigate the HIS-IE phenotype, we checked the levels of the fibroblast 

stimulating cytokines FGF2 and FGF18 in CM of HN6 cell lines upon inhibition of 

Sema4D. FGF18 previously showed upregulation on the immune oncologic analysis 

volcano plot in the HIS-IE subtype, and FGF2 showed statistically significant higher values 

in the HIS-IE compared to HIS-INF in our cytokine experiment using the Luminex assay 

(Aim 2/ Chapter IV.B.4). Interestingly, here we observed significant downregulation of 

FGF18 upon Sema4D inhibition at early time point (24hrs) in HN6 cell line, that recovered 

and increased at a later point (72 hrs), but no significant change in FGF2 was observed 

(Figure 36A&B).  

Fractalkine (CX3CL1) is the ligand for the chemokine receptor CX3CR1 with a 

chemotactic role in T cells, monocytes, and NK cells, having an important function in 

proliferation, adhesion, and migration. Interestingly, this was one of the CKs grouped in 

cluster A (Figure 29), showing high differences between the HIS-IE and HIS-INF and 

statistically significant higher in the AI/CI patients comparing with HIS-INF subgroup 

(Aim 2/ Chapter IV.B.4).  

Using Western blotting, we initially checked the Fractalkine levels between HN6 cancer 

cells and NOKSI (normal oral keratinocytes) and we found that the later expressed very  
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A.                                                                      

 

B. 

 

Figure 36: Time-dependent changes in the levels of FGF18 and FGF2 in CM of HN6 cell 

line upon Sema4D inhibition. (A) ELISA detection of FGF18 in CM of HN6 cell line after 

downregulation of Sema4D using specific si-RNA (20nM) at 24 hrs, 48 hrs and 72 hrs. (B) 

ELISA detection of FGF2 in CM of HN6 cell line after downregulation of Sema4D using 

specific si-RNA (20nM) at 24 hrs, 48 hrs and 72 hrs. CM: conditioned media. 
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low levels of Fractalkine compared to HN6 (Figure 37A). We also found that Fractalkine 

levels were significantly downregulated in HN6 cell line after Sema4D silencing (Figure 

37B), supporting a role of Sema4D in modulating the immune profile in the HIS-IE 

subtype. This suggests that Fractalkine might be an important cytokine marker for the HIS-

IE subtype. 

As a validation, after silencing Sema4D using si-RNA in HN6 cell line, we found 

downregulation of p-AKT (S473) and p-ERK and, as expected, we found downregulation 

of OPN levels in Sema4Dsi comparing with Ctrl Si, confirming that there is a direct relation 

between Sema4D and OPN (Figure 37B).  

Taken together, these findings suggest that Sema4D / ERK/ AKT pathway may play a role 

in the immune suppressive subtype of HIS-IE through modulation of certain cytokines like 

TGFβ1, FGF18 and Fractalkine. 
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Figure 37: (A) Sema4D and Fractalkine levels in HN6 cell line versus normal oral 

keratinocytes cell line (NOKSI) by Western blot; (B) Changes in different signaling 

pathways analyzed by Western blot in HN6 cell line upon downregulation of Sema4D 

using specific si-RNA (20nM) compared to control si-RNA.  
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2. Sema4D Modulates the Cytokine Production of HNSCC HN6 Cell Line 

The immune suppressive potential of several HNSCC cell lines was previously described. 

Sema4D positive tumor cells were associated with noninflamed dense stroma 28,77. In vitro 

studies have shown that Sema4D associated HN6 cell line plays a role in upregulation of 

MDSC 37,109 and that Sema4D inhibition in HN6 caused downregulation of extra cellular 

matrix deposition by fibroblasts 77. All these suggest that HN6 cell line could be an in vitro 

model that mimics the Sema4D positive histologically immune excluded (HIS-IE) tumor 

cells. This triggered us to investigate if Sema4D plays a role in the inflammatory cytokine 

profile associated with HN6.  

We first tested the soluble cytokines in the CM of NOKSI and compared to the HN6 cancer 

cell line. The CM was collected after 3 days of growing cells in 5% FBS. HN6 CM showed 

higher levels of the GROα, OPN, FGF19, M-CSF, Pentraxin 3 (PTX-3), Vit D BP and 

Macrophage Inhibitory Cytokine 1 (MIC-1) compared to NOKSI. On the other hand, IL-

1α, IL1-RA, Angiogenin, Angiopoietin 2, soluble interleukin 1 receptor-like 1 (IL1RL1/ 

ST2), Transferrin receptor protein 1 (TFR), PDGF-AB/BB and -AA were higher in CM of 

NOKSI compared to the HN6 (Figure 38A&B) 152. To explore the effect of Sema4D on the 

inflammatory cytokine production by HNSCC, we transfected HN6 cell line with Sema4D-

siRNA and collected the CM after three days and checked the cytokines levels in it. 

Interestingly, decrease of Sema4D levels resulted in significant downregulation of several 

cytokines produced in the CM of HN6 cell line, including GRO-α, OPN, Vit D BP, PTX-

3, Brain-derived Neurotrophic Factor (BDNF). In addition, a slight reduction in TFR1, 

Thrombospondin-1 (THBS1, TSP-1), Kallikrein 3 (PSA, KLK3), and urokinase type 

plasminogen activator receptor (uPAR) was also observed (Figure 39A&B) 152. (Figure 

37B) is showing Sema4D silencing in HN6 cell line in the same experiment. 
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Figure 38: In vitro cytokine expression in CM of (A) NOKSI cell line versus (B) HN6 

HNSCC cell line. CM: conditioned media. Exposure time: 180 seconds; RS: reference 

spots (exposure time: 45 seconds) (adapted from Ghita I, Piperi E et al., 2022, “in press”; 

DOI: 10.3389/froh.2022.993638). 

 

. 
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Figure 39: In vitro cytokine expression in HNSCC HN6 cell line upon Sema4D inhibition. 

(A) CM of HNSCC HN6 cell line after 3 days of control si-RNA transfection versus (B) 

Sema4Dsi-RNA transfection. CM: conditioned media. Exposure time: 340 seconds; RS: 

reference spots (exposure time: 60 seconds) (adapted from Ghita I, Piperi E et al., 2022, 

“in press”; DOI: 10.3389/froh.2022.993638). 

. 
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3. OPN Upregulates Sema4D in HNSCC HN6 Cell Line  

We have previously described that HsS4D correlated with HIS-IE and higher 

transcriptional level of OPN in HNSCC tumor tissue compared to tumors with LsS4D, on 

the volcano plot (Figure 27) 28. OPN is a soluble cytokine implicated in several aspects of 

tumorigenesis 153,154. To investigate if OPN plays a role in regulation of Sema4D, initially 

we checked the basal levels of Sema4D and OPN in HN6 and HN4 cancer cell lines, normal 

cell lines NOKSI and potentially malignant cell lines DOK. Interestingly, the immunoblot 

showed that Sema4D and OPN were overexpressed in HN4 and HN6 compared to NOKSI 

and DOK (Figure 40A) 152.  

To check if OPN plays a role in expression of Sema4D by the tumor cells we evaluated if 

treatment of HN6 cell line with recombinant human (rh) OPN protein would affect Sema4D 

expression. We found that Sema4D was increased in the tumor cells upon treatment with 

OPN starting at a low concentration, the maximal effect being observed at 1.25ug/ml, 

showing a plateau at 5ug/ml (Figure 40B) 152. To further investigate if OPN would rescue 

Sema4D expression upon inhibition, we transfected HN6 cell line with Sema4D-siRNA 

and treated with rh-OPN at different concentrations. Indeed, OPN treatment rescued 

Sema4D expression in the Sema4D-siRNA HN6 cell lysate, with significant increase at 

2.5ug/ml OPN treatment. Furthermore, the sSema4D production in HN6 CM was increased 

mostly at higher concentrations of OPN treatment 5ug/ml and 10 ug/ml, that corresponded 

with less intracellular repertoire (Figure 40C&D)152. 

Next, to investigate the pathway mediating this mechanism, we checked if p-AKT or p-

ERK are changed in the HN6 cell line treated with rh-OPN protein at different 

concentrations. We found that p-AKT (S473) was decreased in a dose-dependent manner  
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Figure 40: OPN induces upregulation of Sema4D in HNSCC HN6 cell line. (A) 

Immunoblot analysis demonstrates the basal level of OPN in HN6, HN4, DOK and 

NOKSI; (B) treatment of HNSCC with rh-OPN at different doses upregulates Sema4D in 

the cell lysate; (C) Sema4D inhibition in HN6 using Sema4D-siRNA (20nM). OPN rescues 

Sema4D expression in HN6 cell lysates and (D) in the CM, after Sema4D-siRNA. 

(Ponceau S red-stained blot – loading control) (adapted from Ghita I, Piperi E et al., 2022, 

“in press”; DOI: 10.3389/froh.2022.993638) 152. 
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in response to treatment with OPN. Interestingly, the p-AKT (T308) did not exhibit the 

same trend, showing a drastic decrease at 1.25ug/ml and apparently being rescued at 

5ug/ml (Figure 41A).  

Similarly, p-S6 was changed following the same Sema4D trend, with a notable 

upregulation at 1.25ug/ml OPN treatment. On the other hand, p-ERK did not show 

significant differences in these conditions. (Figure 41A). However, the expression of 

Plexin B1, the receptor for Sema4D, was inversely correlated with OPN concentration, 

showing downregulation at increased concentrations of rh-OPN, specifically at 5ug/ml and 

10ug/ml.  

These results were further confirmed after downregulation of Sema4D using specific si-

RNA and treatment with rh-OPN at different concentrations. In these conditions, treatment 

with OPN leads to enhanced levels of Sema4D, and subtle increased levels of 

phosphorylation of AKT (at both S473 and T308), S6 and ERK (Figure 41B), supporting 

the involvement of these molecular pathways in the tumorigenic effects of OPN/ Sema4D.  
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Figure 41: (A) The dose-dependent effect of OPN treatment with rh-OPN in HN6 cell line 

on relevant pathways (AKT, ERK); (B) Effects of OPN treatment in HN6 cell line in which 

Sema4D was downregulated using si-RNA and compared with Ctl. Si on same relevant 

pathways (AKT, ERK).  
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V. DISCUSSION 

The current work used a novel scoring methodology utilizing Sema4D expression in the 

immune cells. Interestingly, the percentage of INF/ immune high versus IE/ immune low 

using Sema4D scoring in the current cohort is in concordance with the previously reported 

Immunoscore using CD3/ CD8 in HNSCC 51,58,155. The percentage of HIS-INF versus HIS-

IE was also similar in the HPV+ve OPSCC.  

More importantly, the scoring utilizing Sema4D revealed significant correlation with some 

demographics and clinico-pathological parameters and illustrated a differential cytokine 

panel in peripheral blood of HNSCC, that can distinguish the underlying HIS profile 

(Figure 42) 152. 

Biologically, our findings imply that the HsS4D in HNSCC is associated with a fibrotic 

type of tumor stromal inflammation similar to chronic collagenous inflammation. It can 

promote immune mediated reactions in cancer patients characterized by a stromal 

phenotype that acts as an immune exclusion barrier.  

The histopathological scoring for inflammation of the OPSCC lesions was more 

challenging than the oral and mobile tongue because these carcinomas arise from the crypt 

reticular lympho-epithelium of the lingual or palatal tonsils that are part of the Waldeyer’s 

lymphatic ring, with normal and distinct lymphoepithelial features. Often, it is very 

difficult to differentiate between the normal lymphoepithelial structures present in the area 

and tumor associated or induced inflammation.  

In the OSCC cohort we found that the HIS-IE/ID histologic subtype correlated with 

younger age patients, showing almost one decade difference comparing with HIS-INF.  
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Figure 42: Differential cytokine expression in plasma distinguishes the HIS subtypes of 

HNSCC. Low cytokine levels in plasma are associated with HIS-INF, while elevated 

cytokine levels in plasma are associate with HIS-IE subtype. Sema4D and OPN positive 

feedback is higher in the HIS-IE subtype (adapted from Ghita I, Piperi E et al., 2022, “in 

press”; DOI: 10.3389/froh.2022.993638) 152. 
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The HIS-IE/ID corelated also with sites like tongue or floor of the mouth, which are 

considered the high-risk cancer locations. The cases presenting PTSF correlated with male 

patients, with smokers, with alcohol drinkers, with prior history of radiotherapy, and with 

increased tumor size and higher stage (stages III and IV). 

 In a study published by Desrichard et al. in 2018, using data retrieved from Cancer 

Genome Atlas, they emphasized the effects of smoking in altering the immune 

microenvironment by decreasing the tumor inflammation and the IFN-γ signaling 156. The 

alcohol consumption was shown to have effects in decreasing the tumor inflammation in 

oral cancer as well 157. This is in alignment with our findings of HI-IE correlation with 

smoking and alcohol drinking.  

Interestingly, there was a very significant statistical correlation (p < 0.0001) between 

HPV+ve and alcohol drinking patients (Figure 18), confirming previously published 

studies on association between increased risk of HPV+ve prevalence of infection and the 

amount of alcohol consumed (especially in male patients) 158.  

The current work demonstrates a statistically significant association between HIS and 

HsS4D in plasma that was driven by the HIS-IE subtype (P = 0.007). The nanoString 

analysis of a sample of the HsS4D-paired tissues was mostly IFN-γ signature negative, 

high in the myeloid component, in OPN and COLL11A gene expression, Wnt, hypoxia 

and TGF-β signaling (Figures 27&28). Interestingly, a recent study based on TCGA and 

GEO data set analysis in HNSCC showed that COL11A1, TGF-β and SPP1 were among 

the highest scored and selected hub genes. High SPP1 and high TGF-β expressing HNSCC 

were associated with a lower overall survival rate than the low expressing tumors 159. 
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LsS4D patients had more HIS-INF tumor pairs, that were positive for IFN-γ signatures 

with high lymphoid compartments and costimulatory signals. The T regs predominated the 

lymphoid compartment in the LsS4D paired tissue. Interestingly, high T regs in the tumor 

invasive margins and core were reported to correlate with better survival in HNSCC 

independent of HPV status 160. In addition, a recent study showed that the proximity of T 

regs to CD3/ CD8 cells can be a more precise estimate for overall survival of patients with 

HNSCC rather than summative assessment 52. 

Previous studies showed that inhibition of Sema4D in an in vivo tumor model facilitated 

IC infiltration into the tumors and decreased the MDSC component 108,161. Humanized anti-

Sema4D antibody (Anti-Sema4D monoclonal antibody VX15-2503) is currently under 

investigation in cancer and autoimmune neurogenic disorders. It is well tolerated and the 

immune cell levels at baseline and progression-free survival were consistent with an 

immune-mediated mechanism of action 162,163. Future studies to investigate the level of 

sSemaD in plasma in response to Sema4D inhibitory antibody and in combination with 

standard immunotherapy would be informative. The current work suggests that Sema4D 

levels in blood should be maintained within the healthy donor range to keep the physiologic 

homeostasis that Sema4D regulates in the immune and the nervous system 119,164. 

 

Our initial cohort of 104 patients is mainly HPV-ve HNSCC of the oral and mobile tongue, 

treated with surgery as the initial line of treatment. It is mainly immunotherapy naïve, and 

accordingly provides basal level of the immune biomarker sSema4D in peripheral blood. 

Although the high level of sSema4D in plasma of AI/A/OA is a limitation to the current 

technology, none of the patients included in this study had a medical history of any of these 

conditions.  
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Our data suggest that the Sema4D+ve TC can be the source of the sSema4D in blood but 

does not rule out the production of sSema4D in blood by activated circulating immune 

cells. Intriguingly, cancer patients can demonstrate both pro-inflammatory and anti-

inflammatory response, as the patient’s immunity at the tumor tissue level and in the 

circulation is altered at different stages of tumor development. 

 

The current work illustrates that HNSCC histological pattern of inflammation can present 

with differential cytokine profile, reflecting a distinct underlying disease mechanism 

(Figure 42). Interestingly, the HIS-INF was the lowest in plasma cytokines compared to 

the HIS-IE, the AI/CI and even the HD group (Figures 29&30). This suggests that in the 

HIS-INF subtype, the immune system recruits the inflammatory cells to the tumor bed, to 

an extent that it drains the peripheral circulation rendering the patient in a systemic immune 

suppressed status. On the other hand, the high pro-inflammatory cytokines in plasma of the 

HIS-IE, which were comparable to the AI/CI group, suggest that the excluded 

inflammatory cells at the tumor bed keep sending positive chemotactic signals that can be 

detected in the peripheral circulation. Whether these two HIS subtypes are independent 

phenotypes or a continuum, is yet to be investigated.  

In considering the soluble cytokine expression in peripheral blood of HNSCC, attention to 

underlying AI/CI would be warranted 115. Comparing the chronic inflammation and fibrotic 

nature of most of the collagenous autoimmune diseases 165 to the peritumoral fibrotic rim 

and excluded inflammatory cells in the HIS-IE, as well as the shared cytokine cluster 

observed between the AI/CI and HIS-IE, suggest that HIS-IE may adopt a chronic 

inflammatory process similar in part to autoimmunity. More patients bearing HNSCC, and 
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AI/CI diagnosis need to be investigated to see if both cytokine profiles can be discerned in 

the same patient.  

IL-1RA, a physiological inhibitor of pre-formed IL-1, can have significant translational 

aspect in this context, since our data showed that it is highest in AI/CI followed by HNSCC 

compared to HD, indicating underlying chronic pathological condition. Interestingly, 

blockade of IL-1RA demonstrated a central role in controlling several autoimmune 

diseases 166. 

Our data is in concordance with previous reports detecting higher levels of IL-10, IP-10 

(CXCL10) and IL-8 in peripheral blood of HNSCC compared to HD 167,168. Yet, the HIS 

stratification multiple comparison model illustrated in the current work, revealed 

differential expression of IL-10 in the HIS-INF, IP-10 and IL-8 in the HIS-IE compared to 

HD. IL-10 is a key anti-inflammatory immune suppressive cytokine that inhibits myeloid 

cells 169 and IFN-α activation 170. On the other hand, IP-10 is a cytokine secreted in response 

to IFN-γ by several cells, which may include monocytes, endothelial cells, and fibroblasts. 

IP-10 has a proinflammatory role as a chemoattractant to T cells, NK cell, monocytes/ 

macrophages, and DC. Interestingly, IP-10 is involved in several autoimmune 

conditions167,168 and chronic infectious diseases 171,172. In lung cancer, the degree of 

malignancy has been correlated with the level of secretion of IP-10 by the tumor. Less 

progressive lung carcinoma secretes more IP-10 173. Whether this is true in HNSCC needs 

to be further investigated. It is worth mentioning that previous transcriptional analysis 

demonstrated that the HIS-IE tumor bed expresses lower IFN-γ gene and IFN-γ associated 

signature compared to the HIS-INF 28.  
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IL-8 is a proangiogenic factor and is chemoattractant to neutrophils 174. Moreover, other 

cytokines like GRO and MCP-1, grouped with IL-8 in cluster D of the heat map of the 

current work (Figure 29) were higher in plasma of the HIS-IE group compared to HIS-INF, 

and are predominantly myeloid chemoattractants. GRO has neutrophil chemoattractant 

activity and it decreased significantly upon inhibition of Sema4D in the HN6 cell line. 

These findings are in concordance with previous transcriptional analysis that showed 

myeloid cells to be higher in the tumor bed of HIS-IE/ HsS4D, especially neutrophils, 

compared to the HIS-INF/ LsS4D 28.  

In addition, previous transcriptional analyses have shown higher hypoxic phenotype of the 

HIS-IE/ HsS4D 28. Hypoxia induces several inflammatory and proangiogenic cytokines; 

cluster A included quite a few proangiogenic cytokines 175,176  (Figure 29). Among these is 

IL-1B, a major mediator of innate immunity that plays a central role in several human 

autoinflammatory conditions and malignancies. It has been reported to be expressed more 

in invasive carcinomas and correlated with lung cancer incidence 177,178.  

In vitro studies have shown that VEGF and MMP can act synergistically with OPN to 

induce a metastatic phenotype on some cancer cells and promote angiogenesis and 

invasion133,176. Additional angiogenic and hematopoietic growth factors of cluster A 

cytokines, are FMS-like tyrosine kinase 3 ligand (FLT-3L) and CD40L 179 (Figure 29). 

FLT-3L is a hematopoietic growth factor, its receptor is upregulated under hypoxia and 

can propagate B cell growth, and dysfunction. Vaccinations against FLT-3L and GM-CSF 

can protect from malignancies formation in murine models 180,181. CD40L also propagates 

B cell development and germinal centers and is constitutively expressed in B cells and 

myeloid cells and regarded as a potential immune check point therapeutic target 182.   
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Other cytokines differentially expressed in cluster A (Figure 29) can further explain the 

histological features of HIS-IE. Interestingly, FGF2 is associated with resistance to 

antiangiogenic therapy, poor survival 79, and increased tumor fibrosis that can impede 

intratumoral drug accumulation 78. In addition, IL12P40 induces a negative feedback loop 

by competitively binding to the IL-12 receptor, and is also a chemoattractant for 

macrophages 183 that can be induced upon activation of NK cells and macrophages against 

HNSCC 184. While IL-9 is mainly involved in autoimmunity, allergic reactions and 

parasitic infections, and is a growth factor of T cells and mast cells, revealed increasing 

attention to the role of IL-9-skewed CD8+ T (Tc9) cells, mast cells and Vδ2 T cell-derived 

IL-9 in tumor immunity 185,186. 

IFN-α is a major player in innate immune responses. Recent reports suggest IFN-α 

immunostimulating is an attractive target to restore the Th 2 HNSCC immune 

microenvironment 170. The HNSCC suppression of IFN-α is mainly due to several 

cytokines acting synergistically, the HNSCC micro milieu showed to severely depress IFN-

α secretion, specifically through IL-10 alone, but not trough IL-8 170. This is in concordance 

with the differential expression of IFN-α, and IL-8 in the HIS-IE group versus IL-10 in the 

HIS-INF, observed in the current study. 

For the in vitro experiments, we used HN4 and HN6 cancer cell lines because our lab 

previously showed that these 2 cell lines mimic the HIS-IE HNSCC tumor subtype.  

TGF-β1 is a multifactorial protein that is produced by multiple cell types, which acts by 

modulating the activity and proliferation of immune cells, functioning under autocrine or 

paracrine mechanism in the tumor environment. Interestingly, our results demonstrate in 

both HN4 and HN6 cell lines that Sema4D expression modulates TGF-β1 levels, likely 
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through AKT and ERK phosphorylation. Moreover, in HN6 these effects on TGF-β1 were 

time-dependent (with a maximum reached at 72 hrs) and can recover. The mechanism of 

recovery is yet to be investigated. The nanoString pathways in cancer differential 

expression analyses showed downregulation in the FGF pathway in the HIS-INF subtype. 

Interestingly, FGF-18 showed downregulation in response to Sema4D inhibition, that 

recovered at a later time point. In a study by Zhang et al., FGF 18, an important cytokine 

in FGF signaling, showed to have an important role in promoting gastric cancer cell 

differentiation by controlling the activity of tumor microenvironment and cancer cells, 

acting through ERK-MAPK signaling pathway 187,  and showed to play a role in drug 

resistance 81. In the case of FGF 2, it was significantly higher in our HIS-IE patient’s plasma 

compared to the HIS-INF, but no difference was detected in vitro upon inhibiting Sema4D.  

Last, but not least, the Fractalkine expression was upregulated in the HN6 cancer cell lines 

compared to NOKSI and diminishing expression levels of Sema4D led to significant 

reduction in Fractalkine. Fractalkine was expressed in different cancer types like gastric, 

colon, pancreatic or breast cancers. In colorectal cancer, it showed to play a role in 

increasing the T cell infiltrate and decreasing the tumor size 188. Furthermore, the molecular 

analyses of the signaling pathways revealed that AKT/ mTOR/ S6 pathway is involved in 

this mechanism.  

Phosphorylation of AKT at Serine (S473) was gradually decreased by increased 

concentration of OPN. In contrast, not the same effect was observed in phosphorylation of 

AKT at Threonine (T308). A similar pattern was observed in the case of S6 

phosphorylation. No changes were found in the case of ERK phosphorylation in response 

to OPN treatment. 
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VI. CONCLUSIONS, LIMITATIONS AND FUTURE DIRECTIONS 

 

Conclusions 

Soluble immune biomarkers are promising informative indicators of the stromal and 

immune phenotype of HNSCC that could be obtained through noninvasive techniques and 

could help advance tumor stratification and personalized patient care, and hence achieve 

better response to treatment with better patient outcome. 

This is a pilot model showing that by using a simple blood test for detecting this plasma 

cytokine panel of diagnostic biomarkers, we can determine the underlying histological 

inflammatory profile (that was validated trough IHC stratification and at transcriptional 

level using IFN-γ TIS) in HNSCC tumors and predict the response to immunotherapy 

(Figure 43). 

Our work demonstrates that this soluble cytokine panel detected in the blood of HNSCC 

patients can serve as a multifactorial predictive diagnostic biomarker, informative of the 

underlying stromal and immune phenotype. Specifically, in HNSCC we would have IL-

1RA, IP-10 and IL-8 elevated when compared to HD patients. In the HIS-INF subtype we 

have LsS4D and increased IL-10 and decreased IL-17E while in the HIS-IE we have 

HsS4D and elevated levels of IP-10 and IL-8 when compared with HD. To differentiate 

between HIS-IE and HIS-INF, in the HIS-IE group we have plasma HsS4D associated with 

a panel of elevated levels of cytokines: FGF2, FLT-3L, IFN-A2, MCP 3, IL-1B, IL12 P40, 

CD40 and IL-17A.  
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Our in vitro experiments show that the effects of Sema4D are mediated through changes 

in phosphorylation of ERK1/2 and AKT, and that certain cytokines like TGF-β1, FGF18 

and Fractalkine might be involved.  

We described a novel association between high OPN transcriptional level and HsS4D/ HIS-

IE HNSCC tumors. We also demonstrated direct in vitro evidence that OPN treatment of 

HNSCC HN6 cell line increased Sema4D in the cell lysate as well as the cleaved soluble 

form in CM. It was also interesting that the opposite was true, that Sema4D inhibition 

decreased OPN production in the HNSCC HN6 cell lysate and CM, suggesting that there 

is a positive feedback loop between the two molecules, and its direct effect on the HIS 

subtype can be further investigated.  

There is increasing evidence that restoration of HNSCC induce immune bias could be 

improved by the inhibition of the immune cell cytokine receptors 170. This would be the 

topic of a subsequent larger study.  
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Limitations and Further Directions  

The current work presents a pilot model for detecting a soluble cytokine panel in plasma 

that is differentially associated with the underlying HIS subtype. This can bear diagnostic 

potential for the underlying immune subtype and open new avenues for patient 

stratification and personalized treatment in the field of HNSCC and other solid tumors 

through a simple blood test, that is differentially associated with the specific underlying 

HIS subtype. 

As a pilot study, one of the main aims was to obtain the initial data and stratify the HNSCC 

into HIS-INF versus HIS-IE/ID. Starting from here we want to extend the study to a higher 

number of samples and more complex analyses. As we had a limited number of samples 

for the Multiplex Cytokine analyses and the NanoString analyses, the study should be 

continued and extended to include more samples and correlate the results with the HIS 

subtypes. Also, more HPV+ve oropharyngeal cancer patients will be included, and the 

inflammation within the tumor will be graded and correlated with the study parameters. 

We will extend the Multiplex Cytokine analyses and the NanoString analyses to the 

HPV+ve cases, as well. This way we might find more parameters showing statistical 

significance between the groups.  

Further, it would be interesting to carry out more analyses involving demographics. For 

example, to increase the number of patients of different races, other than Caucasian, that 

represented most patients in our study. Also, to extend the clinico-pathological analyses 

and check for any correlations with the tumor tissue along with advanced stratifications of 

the tumors using the PD-L1, CD8 and CD3 IHC staining.  
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It would be interesting to carry out OPN IHC staining and stratification of the tumors and 

correlate the HIS with demographics and clinico-pathological parameters. Using ELISA, 

we will determine the OPN levels in plasma samples as we did for sSema4D and corelate 

with IHC findings. Using flow-cytometry techniques it would be interesting to detect the 

cell population for each HIS group and compare. 

Further investigations to demonstrate the direct evidence of the source of HsS4D in plasma 

of HNSCC patients and its correlation with disease progression and patient survival are 

warranted. This can include future comparative analysis of pre-operative versus post-

operative levels of sSema4D in plasma of HNSCC or to check the sSema4D levels in 

peripheral blood throughout the course of the immunotherapy treatment and compare with 

the levels found at the beginning of treatment. 

In vitro, it would be interesting to see the relation between Sema4D/ OPN by inhibiting the 

OPN in HN6 cell lines and checking the levels of Sema4D and eventually checking the 

Sema4D/ OPN correlation through different pathways and to extend also to other HNSCC 

cancer cell lines. Another idea is to try different in vitro treatments to see how we can make 

the HIS-IE subtype more immune permissive using Sema4D, OPN or other cytokines as 

anticancer therapy. 

It would be intriguing to extend the in vitro findings to in vivo studies. For example, OPN 

is a multifunctional protein expressed in several tissues for different functions. If OPN can 

be used as an anticancer therapy, the optimal approach in animal models is to use a lymph 

node metastasis model of nude mice. An inducible short-hairpin RNA vector against OPN 

has been used to reduce the metastatic potential in vitro in cell lines and in vivo in a lymph 

node metastasis model of nude mice. Tetracycline-Regulated Expression System will be 
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used to express OPN siRNA without viral transactivators. This expression system will 

allow us to study the link between Sema4D and OPN roles in metastasis. 

The observed associations also raise the hypothesis that changes in the plasma cytokines 

can monitor the underlying dynamics of tumor and stromal inflammation in real time. It 

further highlights soluble cytokines as targets for inhibition to be further investigated as a 

method to sensitize HNSCC to immunotherapy. 
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Figure 43: Conclusion and future directions. The differential cytokine levels in plasma can 

distinguish the underlying HIS subtype and accordingly the immune-oncologic phenotype. 
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Appendix 1:  Pathways in cancer differential expression in LsS4D/ HIS-INF vs HsS4D/ 

HIS-IE (baseline)(nanoString).
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Appendix 2: Descriptive and statistical analysis of the soluble cytokines in plasma (adapted 

from Ghita I, Piperi E et al., 2022, “in press”; DOI: 10.3389/froh.2022.993638). 
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