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ABSTRACT 

Head and neck squamous cell carcinoma (HNSCC) arises in the upper aero digestive 

track that includes cancers of the mouth, throat, larynx and lymph nodes of the neck.  It is the 

sixth most common neoplasm in the world.  Despite advances in multi-modality treatments that 

involve surgery, radiation, and chemotherapy, the 5-year survival rate remained about 50% for 

the past 35 years. Strategies to improve the survival rate are to identity good prognostic 

biomarker(s) for early treatment and to design the novel immunotherapies that not only kill the 

target cells but also prevent cancers from recurrences.  We sought to investigate whether CD3ζ 

in peripheral T cells from patients with HNSCC may serve as a biomarker for the early detection 

of recurrent or persistent HNSCC in a longitudinal study. Using a cohort of HNSCC patients in a 

3-year longitudinal study, our current work showed that change in CD3ζ-chain expression in T 

cells is an independent predictor of disease status in HNSCC patients and supported the potential 

use of using flow cytometric measurements of CD3ζ expression of T cells for routine clinical 

application. Our clinical study suggested that an improved immune phenotype correlated with 

better disease outcome. Therefore, we are interested in developing immunotherapy that can 

overcome immunosuppression in HNSCC. Not much is known about the role of natural killer 

(NK) cells in HNSCC disease progression. NK cells could be therapeutic in inducing anti-tumor 

immunity.  First, NK cells possess effector functions to kill or produce cytokines upon direct 

target recognition. Second, NK cells can also shape adaptive T-cell immunity through cytokine 

productions and/or modulation of dendritic cell (DC) functions.  We therefore hypothesize that 

NK cells can induce effective anti-tumor immunity through its direct cytotoxicity and/or 

modulation of DC functions. Using a clinically relevant mouse model of HNSCC (AT-84), we 
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demonstrated the anti-tumor potential of IL-15 activated NK cells in regressing primary tumors 

and also in inducting protective immunity upon secondary challenge. Using in vitro and in vivo 

systems we demonstrated that IL-15 activated NK cells in addition to killing tumor cells also 

promoted anti-tumor activities via NK-DC crosstalk. Collectively, our data demonstrated that IL-

15 activated NK cells were able to reverse the immunosuppressed DCs to immunostimulatory 

states which in turn stimulate the T cell and correlated well with tumor regressions. Overall, my 

thesis work contributed in finding CD3ζ to be a strong and independent predictor of HNSCC 

disease and IL-15 NK as novel immunotherapy of HNSCC. We hope these findings will 

ultimately benefit the treatment of HNSCC patients and improve patient’s survival.  
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CHAPTER 1.0  INTRODUCTION 

1.1 General Introduction 

Head and neck cancer represents group of cancer that arises in the upper aero digestive tract 

which includes cancers of mouth, nose, salivary glands, throat, larynx and lymph node [1,2]. Due 

to the heterogeneous nature of head and neck cancer, there is variability in defining the head and 

neck cancer. Davies et al divided head and neck cancer broadly into 3 categories as (i) Readily 

visualized: cancers of lip, tongue, tonsil, oropharyngeal, mucosa falls (ii) Not readily visualized: 

hypopharynx, nose, larynx, hypopharynx (iii) potentially palpable: Thyroid, soft tissue, salivary. 

This categorization was based on site distribution diagnosed between 1999 to 2001 [3]. 

1.1.1 Epidemiology of head and neck cancer 

  Roughly 644,000 new cases of head and neck cancer are reported globally and 66 % of 

these cases are reported from developing countries.  In United States out of 39,750 new cases, 

12460 patients die of the disease and man death ratio is 3 folds higher than woman [4]. More 

African American suffers from the disease compared to white. Histology distribution suggests 

that squamous cell carcinoma is the most common type of head and neck cancer and remaining 

include adenocarcinoma, melanomas, sarcomas [1,5]. Staging of head and neck cancer is mainly 

divided into three clinical stages (i) early (stage I and stage II) (ii) locoregionally advance (stage 

III and stage IV/B) and (iii) metastatic. The division is based on TNM status of tumor. TNM 

stands for size of primary tumor (T), regional lymph node (N) and evidence of metastases (M). 

The survivals of patients depend on the disease stage. Early Stage patients have higher survival 

rate compared to late stage patients[6].  
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Figure 1.0 :Anatomical location of head and neck cancers [7] 

1.1.2 Risk factors of head and neck cancer 

In the last three decades, a substantial association, as well as a synergistic relationship, 

has been found between alcohol and tobacco use and the development of head and neck cancer 

[8-10] . Nicotine and polycyclic aromatic hydrocarbons present in tobacco are considered as 

driving factor for mutation of tumor suppressor gene, for example TP53.  It is also reported that 

consumption of alcohol excessively contributes to transformation of TP53[11]. Head and Neck 

tumor biologists have long acknowledged that smoking and tobacco as risk factors for head and 

neck cancer, as of late oncogenic strains of  human papilloma  virus (HPV), predominantly  HPV 

16 is additionally listed as risk factors of head and neck cancer. The global prevalence of HPV in 

HNSCC is not clear yet. 25.9 % were detected HPV positive out of  5,046 HNSCC when 
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compared from multiple studies [12]. E6 and E7 are the causative agent of malignant 

transformation[13]. E6 HPV proteins either degrade the tumor suppressor protein p53 or prevent 

its function by preventing the acetylation of p53 whereas E7 inactivates the other tumor 

suppressor gene retinoblastoma protein pRb. E7 protein inhibits the interaction between E2F 

transcription factor and pRb and thus arrests the cell cycle progression [14,15]. Distinct clinical 

features are reported between HPV positive and HPV negative head and neck cancer.  HPV 

positive cancer is more profound in younger people compared to HPV negative and they have 

better prognosis compared to HPV negative[16]. Immunocompromised patients or people with 

reduced immunity are susceptible for higher chances HPV infection. Sexual behavior is also 

associated with HPV carcinoma [17]. Taken together, (i) tobacco/smoking, and (ii) virus 

infections are reported as the major risk factors of head and neck cancer.  

1.1.3. Management of head and neck cancer 

Traditionally, treatment of head and neck cancer was predominantly dependent on 

surgery. Later on radiation therapy and chemotherapy were added as other two new treatments. 

These days surgery, radiation therapy and chemotherapy remains the mainstream treatment for 

head and neck cancer[18]. The choice of treatment depends on the number of factors: (i) early 

stage or locoregionally advance stage (ii) performance status (iii) organ preservation (iv) 

patient’s preferences (v) physician’s preferences[19]. Early stage disease is manageable either 

with surgery alone or in combination with radiation. However, most of patients only visit clinic 

when the disease is advanced to higher stage[20]. With surgery, it is hard to achieve complete 

resection of tumor at locoregionally advance stage. Outcomes were observed to be poor in terms 

of survival and organ preservation[18]. Radiation therapy alone was not sufficient to treat 

patients with advance stage. Therefore, combination of three multimodality treatment approaches 
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was employed to achieve higher outcome. The combination of surgery with radiotherapy 

demonstrated better outcome over single treatment alone. To improve the survival rate of 

patients with locally advanced cancer, chemotherapy was added in combination with surgery 

and/or radiation. The integration of chemotherapy as curative treatment has shown better clinical 

outcomes such as less metastatic disease, longer survival and better organ preservation [21-23]. 

Cisplatin remains the most commonly used drug for treatment of head and neck cancer. Several 

other drugs (5-FLUOROURACIL, TAXANE, HYDROXYUREA, ANTIFOLATE, 

CARBOPLATIN) are also in trials. Compared to single drug a combination of drugs enhanced 

the radiosensitization of tumor cells. Furthermore, overall survival was improved when given in 

combination with radiation [24].But, chemotherapy causes side effects such as nausea, hair loss, 

reducing number of white blood cells and vomiting. Therefore this treatment may be applicable 

for patients with good performance status [19,25]. More importantly, the drawback of these 

treatment modalities is their inability to distinguish between normal cells vs cancer cells. 

Surrounding normal cells are affected at the expense of cancer cells treatment limiting the scope 

of current treatment modalities[19]. Despite the advancement of these multimodality treatment 5 

years survival rate of head and neck remained surprisingly low (~50%) in last 4 decades[26]. 

Furthermore, majority of head and neck cancer patients die of frequent recurrences as well as 

metastasis disease[27]. This suggests that current treatment modalities may not be effective in 

inducing anti-tumor responses. Therefore there is need of better prognostic biomarkers and 

therapies to improve the survival rate of HNSCC patients.  

1.1.4. Development of HNSCC 

The HNSCC development is a multistep process and most of the information for HNSCC 

pathogenesis was derived from oral squamous cancer. Three major steps are proposed in the 
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development of HNSCC[28]. (i) Formation of patch: progenitor or adult stem cells harbor a 

number of genetic changes which include mutation in tumor suppressor gene TP53, loss of 

heterozygosity at chromosomes 3p, 9p and 17p. These genetically altered cells then form a white 

lining in the mucosal surface known as patch. Patch contains clonally related but genetically 

altered cells. At this point, surface mucosa looks normal but at molecular level rapid changes 

occur. Change in molecular level will surpass the normal growth and ultimately enter to next 

phase known as invasive carcinoma where normal mucosa are replaced by expanding patches 

also known as field[28]. (ii) Invasive carcinoma:  transformation from field to carcinoma occurs 

by additional genetic mutation and develops into clinically visible tumor. It is entirely unknown 

which genes are involved in the transformation process from field to carcinoma. There are few 

reports suggesting changes in chromosomes 9p, reduced cytokeratin 4 expression, decreased 

cornulin expression, changes in growth signaling pathway such as TGF receptor and EGFR 

contribute to transformation [20,30]. (iii) Development of metastasis:  Additional accumulation 

of genetic alterations and aneuploidy leads to metastasis stage and the tumor primarily 

metastasize to lymph node[31]. Several changes are associated to this stage such as degradation 

of extracellular matrix, correlation of CSMD1 gene on chromosome 8 [32,33]. In addition to 

genetic and phenotypic changes, it is reported that altered biological process is also involved in 

malignant transformation. The transition from epithelial to mesenchymal (EMT) step is 

considered as key biological process involved in HNSCC especially in invasive and metastasis 

steps[28,34]. 

 This concept suggests that epithelial cells are not directly involved in metastasis rather 

they first change to mesenchymal then carry metastatic phenotype. Altogether, the development 
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of HNSCC starts with forming a path and subsequently transit into field, tumor and ultimately 

becomes metastasis.   

 

Figure 1.1: Progression of HNSCC: Progenitor cells or normal stem cells acquires mutations and develops a patch. 

The patch converts into field by escaping the normal cellular division and replaces the existing epithelium layer. 

Some clonal unit in the filed again acquires more and more genetic alterations and transforms into invasive 

carcinoma. The invasive carcinoma finally progress towards metastasis [28]. 

 

The overall goal of cancer biomarkers is to recognise the patients that are at greater risk 

of developing primary and/ or secondary tumor.  The patients at higher risk can be identified by 

measuring the changes at cellular, biochemical or molecular level from various sources such as 

tissues, fluids, or cells. The early detection and evaluating the response of therapy will play 

important role in improving the survival rate of HNSCC because high rates of cases are detected 

when the cancer reaches to advanced stage [35].  
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1.1.5 Properties of candidate biomarker 

  Biomarkers are characterized as characteristics that can be measured and assessed as 

markers of normal/altered biological process or pharmacological reactions to treatment 

mediation[36]. In clinical application ideal biomarker consists of following features (i) simple to 

detect (ii) sensitive (iii) specific (iii) accuracy (iv)cost effective (v) positive predictive value (vi) 

negative predictive value [37]. Sensitivity and specificity value are important parameters that 

determine the clinical utility of given biomarkers. Usually, sensitivity test is the extent of patients 

for whom the result is sure that are accurately distinguished by the test. The specificity is the 

extent of patients for whom the result is negative that are effectively distinguished by the 

test[38]. In a given biomarker test having both sensitivity and specificity value close to 100% 

may have better clinical utility, however it is argued that the decision should not be calculated 

entirely based upon area under the receiver operating curve (ROC) but also shape of the curve 

should be taken into account [38,39]. Sensitivity and specificity are characteristics of the test and 

are not influenced by the prevalence of the disease[38]. As opposed to sensitivity, positive 

predictive value (PPV) is depends on the outcome of result i.e it depends on prevalence of 

disease. PPV is probability that determines the patient’s positive outcome under circumstances of 

having positive test result. Similarly, negative predictive value is probability that determines the 

patient’s negative outcome under circumstances of having negative test result. Like PPV, NPV is 

also influenced by prevalence of disease. There is direct co-relation between prevalence of 

disease and PPV. Higher the prevalence higher the PPV and lower NPV[42].   Sensitivity and 

specificity can be integrated using Likelihood ratio. The likelihood ratio is conducted by 

approximating two models and relating the fit of one model to the fit of another. The positive 

likelihood ratio means the ratio of true positive (sensitivity) to false negative (1-specificity). The 
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usefulness of test depends on the value of likelihood ratio i.e. higher likelihood ratio for positive 

result or lower likelihood ratio for negative result[38]. In biomarker research, Youden’s index (j) 

is used to evaluate the performance of diagnostic test. When cut off value is altered the 

sensitivity and specificity value will be altered simultaneously. Careful consideration should be 

done while deciding the best cut off value. If judgement is needed than cut off value with high 

specificity is chosen. The best way to determine the cut off value without judgement can be done 

with Youden’s index (j) which is expressed as = J = sensitivity + specificity - 1 

The value of Youden’s index ranges from zero to one. Zero indicates that the test is 

useless whereas one indicates that the test is flawless [38]. In addition to sensitivity and 

specificity, the accuracy of test also determines the quality of biomarker which is calculated 

using receiver operating curve (ROC). The graph obtained by plotting true positive (sensitivity) 

and false positive (100-specificity) at defined cut off point is called Receiver operating curve[40] 

. In simpler terms the accuracy of a test to separate normal from diseased is evaluated using 

ROC[41]. If  ROC curve appears closer to the upper left corner that determines  the overall 

accuracy of test [42]. The area under the curve (AUC) is used to quantify the performance of test 

i.e. to distinguish between the normal and diseased under given parameter. When the test is 

perfect area under the curve is 1, but in case of random guess the value would be 0.5 [38]. Apart 

from determining the accuracy of test the ROC curve can also be applied to select the best test 

depending on  the performance of outcome[38]. Collectively the quality of an ideal biomarker is 

determined by number of factors such as sensitivity, specificity, PPV, NPV and accuracy of test.  
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1.1.5.1. Types of biomarker 

(i) Prognostic biomarker:  Prognostic biomarkers are those which are associated with 

clinical outcome in the absence of treatment or in the settings of standard therapy that 

all patients are liable to receive [43,44]. Requirements of good prognostic biomarker 

consist of measuring time-to-events process, follow-ups, sample size and multivariate 

analysis.  Multivariate analysis is required to identify the independent value of 

candidate biomarker in reference to other known prognostic markers. Using logistic 

regression technique odd ratio is measured to show the impact of given biomarker. 

Greater the odd ratio better the clinical impact of prognostic marker[45].  

(ii) Predictive biomarker: Predictive biomarkers are those that distinguish patient who 

benefit from a specific therapy in comparison to other available treatment [43,44] . 

However, there is no defined criterion to distinguish between predictive biomarker 

and prognostic biomarker. A biomarker can be both predictive and prognostic [43]. 

The identifying predictive biomarkers will aid clinical benefits in terms of selection 

of right treatment and avoiding unnecessary treatment, reducing the cost of treatment 

and in improving the overall survival rate of responders[45].  Small percentages of 

predictive biomarker are in use which is reviewed elsewhere [46].  

(iii) Diagnostic Biomarker: Diagnostic biomarkers are valuable when patients carries 

disease but present no symptoms[47]. They are useful in decision making process for 

treatment strategy. For e.g to distinguish between malignant and benign often tumor 

is surgically resected. It was reported that 30 % of the lung nodules was found to have 

normal nodules when surgically resected in lung cancer. Therefore, having diagnostic 
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biomarker would have helped in avoiding the unnecessary diagnostic operation 

process[47].  

1.1.5.2. Emerging biomarkers in HNSCC 

  As discussed above each category of biomarker has their own clinical 

implications[37].There is no specific biomarker that is exclusively used for head and neck cancer 

patients treatment monitoring or surveillance[48].However, mounting evidences suggest that 

there is growing research interest in search of genomic and immune based marker that may be 

utilized as either prognostic or predictive marker in the management or decision making process 

of head and neck cancer. The emerging prognostic biomarkers of head and neck cancer are 

summarized in following Table 1.  

 

Table 1 : The emerging prognostic biomarkers of HNSCC 

Types of 

Biomarker 

Biomarker  Application Clinical/preclinical 

settings 

References 

 

Genetic 

 

P53 

 

Prognostic  

 

clinical 

 

[49,50] 

Signaling  EGFR,  

TGF 

Prognostic   Clinical,  

clinical 

[51]  

 

Cell cycle  Cyclin D1 Prognostic clinical [52] 

Angiogenesis VEGF Prognostic clinical [53] 

Immune based 

biomarker 

PDL1, PD1 

 

Prognostic clinical [54] 
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1.1.5.3. Clinical utility of CD3ζ chain as a potential biomarker for HNSCC 

 The application of biomarkers includes disease detection, monitoring of health status, 

indicating patient’s prognosis and as tool for predicting and checking of clinical response to 

mediation[36].Among the growing number of biomarkers, of particular interest to us, is CD3ζ. 

Reduced CD3ζ expression level was observed in the HNSCC patients [55].The  CD3ζ chain is a 

16-kDa molecule that contains the signaling ITAM motifs [56,57].  It constitutes part of the TCR 

complex essential for T cell recognition and TCR signaling [55].  

 

 

 

Figure 1.2: TCR CD3ζ complex: CD3ζ chain is important molecules associated in TCR complex. It is constitutes 

of short extracellular domain and long intracellular domain. It contains 3 immunoreceptor-tyrosine activation based 

motifs (ITAMS) in its long intracellular domain. Upon activation ζ recruits other catalytic and noncatalytic units and 

passes downstream signaling. By coupling with TCR which recognizes antigen, ζ chain is critical for signal 

transduction pathways [58]. 

 

 



29 
 

Down-regulation of the expression of the  CD3ζ molecules is observed in the negative 

regulation of T cell receptor signaling [59]. The underlying mechanism of the CD3ζ down-

regulation in the T cells of HNSCC patients is not well understood. Due to its critical role in 

mediating T cell function and survival, CD3ζ therefore, emerges as a clinically important 

immunological molecule in HNSCC. CD3ζ   may facilitate the early disease detection that will 

help ultimately to develop the innovative therapy that will reduce Head and Neck cancer 

recurrences. 

While these biomarkers are currently in preclinical and/or clinical trials and results of 

these trials have not been out. However, implementation of these biomarkers yet need 

comparison among multiple centers, standardization and validation of the assays across multiple 

countries in terms of sample handling as well as data analysis has become an important issue for 

assessment of the clinical efficacy of a biomarker [46]. The development of biomarkers is 

multistep process which is briefly summarized in following section.  

 

1.1.5.4. Clinical development of immune based biomarkers  

The development of biomarker is tedious, time consuming, costly and involves multiple 

steps before it translates into clinic from bench. At the initial discovery phase, the availability of 

samples, sources of samples, techniques used in samples analysis, statistical analyses and 

applications of biomarker (prognostic, predictive, diagnostic, disease classification and 

monitoring) are clearly defined. The next phase is validation phase where collected samples will 

be analyzed for candidate biomarker and statistical analysis is done. The validation of biomarker 

is critical step in the development steps of biomarker for clinical use[45]. In next phase, large 

numbers of samples are collected within and across larger multicenter, methodology is 
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standardized across multiple centers, it must be cost effective and easily adoptable by patients, 

health care professionals and research scientists.  The overall process is validated followed by 

clinical trials before it is applied in routine clinical test[39].   

The development of immune based biomarker is summarized in following figure.  

 

 

Figure 1.3 : The multistep process for biomarker development from bench to clinic[39]. There are 7 main steps 

associated with biomarker development which includes (i) Discovery phase (ii) Validation (iii) Randomized 

controlled trial (iv) Replication and validation in larger cohorts (v) Policy changes (vi) Clinical trials and (vii) 

Implementation of biomarker in routine clinical application. 

 

The number of immune based biomarkers for cancer implications is increasing in last few 

years. But not all biomarkers have translated into clinical application. It could be due to the 

complexity of the immunological process and its interaction with cancer[39]. Therefore it 

becomes essential to understand the immunobiology of cancer that may facilitate to design the 

clinically relevant biomarker as well as novel therapies.  The following section is description of 

immunobiology of cancer in context of head and neck cancer.  
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1.2. The immunobiology of head and neck cancer  

The immune system is composed of a wide network of cells, tissues and organs that 

protect the host from bacteria, parasites, fungi, viruses and the growth of tumor cells. Usually 

uncontrolled growths of cells are kept in check at different layers. The first layer is called 

“intrinsic layer” where cellular intrinsic proteins instruct abnormal cells to die in condition such 

as DNA damage and cellular stress. Immune barrier serves as second layer called “extrinsic 

layer” where infected/abnormal cells are eliminated[60].  Host immune system is capable of 

responding the foreign elements such as bacteria or virus but cancer cells are transformed from 

the normal cells that divide in uncontrolled manner. Host immune system does not efficiently 

recognize these transformed cells as it does in case of infection. The self-reactive immune cells 

are deleted during development process.  Therefore when normal cells transform to cancer cells 

these transformed cells are weakly recognized by immune cells [61,62].  The involvement of 

immune system in rejecting cancer has been well established. It was shown that 

immunocompromised mice develop cancer more rapidly compared to immunocompetent mice. 

In humans it was documented that immunocompromised patients are at greater risk of 

developing cancer [63-65].  The presence of antitumor immunity in head and neck cancer is 

supported by the correlation studies where more lymphocytic infiltrate is correlated with good 

outcome of patients [66,67]. There are contradictory reports suggesting that immune infiltrate in 

tumor site is not always correlated with positive outcome. It depends on types of immune cells 

and tumor site [68-70] . A rich immunological environment surrounds the site of the head and 

neck region. Therefore, few tumor cells are successful in ‘escaping’ from the immunological 

surveillance covered by effector cells, including T cells, natural killer (NK) cells and B cells 

[71]. The surviving tumor cells gain resistance against the immune response and are capable of 
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establishing tolerance to the immune competent environment. Surviving tumor cells not only 

interfere with the host immune system but are also able to convert the local microenvironment in 

their favor to evade the host immune system, including T, DC and NK cells.  

 

1.2.1 Recent development of immunotherapies for head and neck cancer 

Cancer immunotherapy is another exciting advancement which targets patient’s own immune 

system in fighting cancer. In comparison to conventional cancer therapy, immunotherapies are 

specific in targeting cancer cells and exert fewer side effects to surrounding normal cells. More 

importantly, immunotherapy can induce memory which can prevent from recurrences of cancer 

which we don’t get with conventional treatment. Because of these advantages of immunotherapy 

over other cancer therapies, immune-based therapies are now in preclinical and in clinical trials 

against head and neck cancer. Current anti-tumor immunotherapy for head and neck cancer 

includes (i) Checkpoint blockade (ii) Adoptive cell transfer (iii) Cancer vaccines (iv) Monoclonal 

antibodies. The progress achieved in each this area is briefly summarized here in following table.  

Table II: Current immunotherapy for head and neck cancer 

 

 

1.2.2. Immunosuppression in head and neck cancer 

HNSCC is an immunosuppressive disease[71]. Recent advances in understanding of 

HNSCC have revealed that HNSCC employs number of strategies to suppress/evade immunity. 

Types Under trials Ref 

(i)Checkpoint inhibitors αPD-1 and αCTLA-4 [72] 

(ii)Adoptive cell transfer T cell transfer  [73] 

(iii) Cancer vaccines  antigens LY6K, CDCA1, and 

IMP3 

[74] 

(iv) Monoclonal antibodies αMUC1 and cetuximab [75],  [76] 
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Upper aerodigestive track (UEDT) is home to several hundreds of bacterial species. Antigen 

presenting cells such as dendritic cells are constantly taking up the bacterial antigens and 

presented to mucosal associated lymph nodes. Due to the constant engagement of immune cells 

immune tolerance is developed. Number of immunosuppressive cytokines such as IL-10 and 

TGF-β is secreted to induce the immune tolerance in aerodigestive track. This allows normal 

microbial communities to perform their gut associated job without being attack from immune 

cells. Therefore, the tolerance environment generated at the mucosal site in upper aerodigestive 

region is favorable for transformed cells to evade the immune recognition [77-79].HNSCC evade 

the immune recognition by directly hijacking the immune response or indirectly abrogating the 

immune function by inviting other immunomodulatory immune cells to the tumor site. In the 

context of recent findings, only few of the escape strategies are mentioned here.  

(i) High levels of immunosuppressive cytokine: As Th1 responses are favorable for 

controlling head and neck cancer[80], production of the immunosuppressive cytokine, 

IL-10, suppresses the Th1 response and favors the Th2 response, promoting the growth 

of head and neck cancer [81] . A number of tumor-secreted factors have been reported, 

including IL-10, TGF-β, prostaglandin E2, vascular endothelial growth factor (VEGF) 

and granulocyte macrophage colony stimulating factor (GMCSF) [82]. These factors 

function at various levels, including blocking the differentiation of monocytes, and 

impairing DC maturation and immune tolerance [83,84]. The IFN producing capacity of 

T cells were shown to downregulate by these immunosuppressive cytokines[85]. Dual 

role of GMCSF has been documented. On the one hand GMCSF has been shown to 

promote anti-tumor activity by expanding the myeloid immune cells.  On the other hand 



34 
 

HNSCC secreted cytokines has been associated with enhancing the migration and 

growth of tumor cells [86,87].  

(ii) T regulatory Cells: The regulatory T cell is a T cell subset that suppresses the immune 

response of other cells and induces tolerance to self-antigens to avoid autoimmunity[88]. 

In head and neck cancer patients, increase in the number of these regulatory cells has 

been found to correlate with the observed immune suppression [89-91]. TGF-β was 

shown to be secreted by Treg which was documented as the underlying mechanism 

behind restricting the CTL response. HNSCC tumor environment was also shown to 

induce the Treg which in turn suppress the T cell activity [91,93]. 

(iii) Myeloid derived suppressor cells (MDSCs):  Myeloid derived suppressor cells are 

heterogeneous population of cells which consists of immature myeloid cells (immature 

DC, macrophages, neutrophils) and myeloid progenitors. Under pathological conditions 

such as cancer, infection and stress this population expands and has been shown to 

suppress the T cell function[94]. MDSCs were shown to secrete various factors such as 

arginase I, TGF-β, IL-10 and induction of T cells [95-97]. Evidences have shown that 

HNSCC patients treated with tadalafil reduced MDSCs, arginase expression in MDSCs 

and significantly increased the tumor-specific T cells. Along this line another study has 

shown that tadafil treatment not only reduced the Tregs and MDSC numbers but also 

increased antigen-specific CD8+T cells [98,99]. Therapeutic implication of MDSCs has 

gained considerable attention in terms of biomarker for patient selection and enhancing 

the antitumor potential[97] . 

(iv) Low expression of MHC molecules antigens and costimulatory molecules: By providing 

signal I, MHC-peptide complex plays critical role in stimulating the adaptive immune 
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response. Reduced/lack of MHC molecule has been reported in HNSCC.  This prevents 

the transformed cells from immune recognition. Evidences have also shown that HNSCC 

downregulate the costimulatory molecules B7 molecules. Costimulatory molecules are 

essential in tuning signal 2 through T cell receptor [91,100].  

(v) High expression of exhaustion marker and FasL : Exhaustion markers such as PDL-1 

and its receptor PD1 is associated with negative regulation of T cell function[101]. In 

head and neck cancer, it was reported that tumor infiltrating lymphocytes were 

dysfunctional and correlated with higher expression of PD-1 and other exhaustion 

marker TIM3[101]. Expression of FasL by HNSCC has been reported. The expressed 

FasL on HNSCC binds with Fas receptor in activated T lymphocytes and induces the 

apoptosis of tumor reactive T cells. All these factors listed above create the 

immunosuppressive environment and interfere with host immune system which in turn 

allows HNSCC to progress in immunocompetent host.   
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Figure 1.4: Immunosuppressive microenvironment in HNSCC[102]. Immune cells such as CD8+T cells, NK 

cells, CD4+Th1 cells contribute to anti-tumor immunity whereas CD4Th2 + T cells, MDSC, Treg suppressed the 

immunity against cancer. MDSC directly suppressed the antitumor immunity by releasing soluble factors such as 

Arginase, ROS, iNOS or indirectly suppressed by stimulating Treg population. In addition Tumor cells also release 

some soluble factors that block the proliferation of T cells, reduce the cytotoxicity of NK cells, downregulate the 

MHC and costimulatory expression and enhance the metastasis.  In the figure, NK : Natural killer cells, Treg: 

Regulatory T cells, MDSC: Myeloid derived suppressor cells, TAM: tumor associated macrophages. 
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1.2.3. The cancer immunoediting concept  

The concept of ‘cancer immunosurveillance’ proposed by Burnet and Thomas 

highlighted the important role of the immune system in fighting against cancer[103]. However, 

over the past two decades the ‘cancer immunosurveillance’ hypothesis has been challenged by 

observations that revealed the controversial role of the immune system in the promotion of tumor 

formation[104] . Cancer immunosurveillance could not explain why the tumors develop in 

immunocompetent host. It was later realized that immune and tumor cells interaction is much 

complex than originally thought. Therefore, the concept of ‘cancer immunoediting’ has been 

proposed recently to address the full dimension of tumor and immune cells  interaction in terms 

of antitumor immunity, tumor dormancy and escape mechanisms of immune recognition[105]. 

The cancer immunoediting model consists of three sequential phases (3E phases): elimination, 

equilibrium and escape.  

Elimination phase: The elimination phase is described with regard to the immune surveillance 

hypothesis, where the immune system is dominant compared to cancer cells. The immune system 

recognizes the altered cellular activity and tumor antigens and ultimately, eliminates cancer cells. 

During this phase, the host is free from cancer and nascent cancer cells are destroyed by the 

immune system before they may transform into tumors. But incomplete destruction of tumors 

lead to next phase known as elimination phase[105]. The role of immune system in protection 

against cancer was elucidated using RAG-/- mice. RAG-/- mice lacks key immune cells such as 

T cells, B cells, and NKT cells. Shankaran et al have shown that subcutaneous injection of 

chemical carcinogen 3-methylcholan 129/SvEv RAG-2/mice developed tumors rapidly 

compared to their wild counterparts[106]. This provides the direct evidence of immune system 

role against tumor. It was documented that NK depleted mice using anti-asialo-GM1 mAb 
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developed tumor 2 to 3 times faster compared to non-depleted mice[107] .  Taken together, both 

innate and adaptive immune systems were shown to be involved in immune surveillance steps.  

Equilibrium phase: The equilibrium phase is the second phase in which the immune system and 

cancer cells equally fight for survival. Tumor growth is maintained and prolonged tumor 

dormancy creates an environment where a rare, new small fraction of tumor cells acquire novel 

mutations that allow them to resist immune attack. Clinical scenario of equilibrium phase was 

elucidated in kidney transplantation case. It was reported that the recipient developed the tumors 

post organ transplantation. When analyzed carefully it was found that donor who donated kidney 

had been treated with melanoma cancer for 16 years before death even though she was declared 

cancer free at the time of donation. This suggests that cancer remained in equilibrium stage in 

donor. But during transplantation recipient immune system was suppressed therefore the tumor 

rapidly develops in recipient [108,109].The equilibrium phase may end up in complete removal 

of tumors or keeping tumors in equilibrium phase or may transit to escape phase.  

 Escape phase: It is the final phase in which tumor cells are no longer recognized by the immune 

system. The continuous pressure of the immune system against the cancer cells switches the cells 

from the equilibrium phase to the escape phase. The cancer cells modulate their tumor 

microenvironment favoring their growth and effectively blocking immune recognition. Thus, 

cells that survive throughout the process emerge as tumors and are visible in clinical test 

[110,111]. Evidences have shown that tumors at escape phase produce immunosuppressive 

cytokines such as TGF-β and IL-10 thereby block the immune response[112]. As well, enhanced 

number of immunosuppressive cells such as Treg and tumors associated macrophages, loss of 

HLA molecules, loss of IFN-γ receptor signaling pathways and downregulation of NKG2D in 

immune cells were also reported [110,111] . Immunosuppressive cytokines and cells promote the 
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tumor growth. At escape phase tumors modulate the immune system to support its own growth. 

Therefore, the current goal of immunotherapy is focused on the first two phases (i) elimination; 

complete removal of tumors and (ii) equilibrium phase; durable control of tumors [108].  

 

Figure 1.5: Immunoediting consists of 3 phases: (i) Elimination Phase: Immune cells remove the cancer cells 

from the host and prevent tumor development. (ii) Equilibrium: In these phase tumors cells remain dormant for 

long period of time or undergo immune editing to form the new tumor variants and (iii) Escape Phase: cancer cells 

that survive in previous phase enter to escape phase. The immune system can no longer stop the tumor cells  

proliferation and become clinically detectable [108] . 
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1.2.4 Natural killer cells and its role in cancer  

Natural killer cells (NK) represent a major effector arm of an innate immunity [112]. 

They are granules containing lymphocytes derived from bone marrow and consists of total ~15% 

circulating lymphocytes[113]. As the name implies these cells have the “natural” ability to 

recognize abnormal cells (such as virus infected cells or transformed cells) and eliminate these 

abnormal cells without prior sensitization[114].  

NK cells are armed with array of receptors called activating and inhibitory receptors that 

determine outcome of target recognitions[115]. Receptors such as Ly49A, Ly49C, Ly49D, 

Ly49P, Ly49I, KIR2DL1, HLA-C2, KIR2DL2/3, KIR2DL5, KIR3DL1 belong to inhibitory 

receptor family whereas NKG2D, NKp30, NKp44, NKp46,  NKp80 belong to activating 

receptor family[116].  A large number of NK inhibitory receptors recognizes self MHC class I 

molecules, thus providing a molecular basis of self-recognition and no activation (“missing self-

hypothesis”).  When tumor cells lack or reduce their expressions of MHC I molecules or human 

leukocyte antigen (HLA) class I, NK cells are activated because the inhibitory receptors are 

“free” from engagements that in turn favor NK-cell activation signaling[117]. In addition, NK 

cells can respond to the cellular stress ligands induced during viral invasion or malignant 

transformation through activating receptors (“induced-self hypothesis”)[118-120]. It was shown 

that MICA/MICB which are MHC class I-related chain as the ligands of NKG2D receptors. 

These ligands are upregulated during viral infection [121]. Therefore, the regulation of NK cells 

is determined by the balance of signals generated from inhibitory or activating receptors. The 

balance of signals decides the fate of its activation or inhibition[122]. NK cells provide its 

effector function by mainly 3 ways- 
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 (i) Release of cytotoxic molecules: Upon target recognition, NK cells form immunological 

synapse at the point of contact where perforin creates the pores thereby cytotoxic molecules such 

as granzymes are transferred to plasma membrane of target cells. Inside target cells, granzymes 

induce apoptosis. NK cells detaches from dying cells and searches for another target cells for 

killing[123]. It is said that NK activated by IL-2 cytokine has the ability to target up to 4 target 

cells[124]. Perforin and granyzmes were reported as the key cytotoxic molecules involved in 

mediating apoptosis of tumor cells. Lack of perforin in mice were shown to have decreased 

capacity in removing MHC-I deficient tumors [125].   

 (ii) Expression of death receptor: In addition to granule exocytosis pathway, some NK cells 

can mediate tumor cell death through another pathway known as death-receptor pathway. FASL 

or tumor-necrosis-factor-related apoptosis-inducing ligand (TRAIL) expressing NK cells when 

comes in contact with tumor cells that expresses Fas and Trail receptor that interaction leads to 

tumor cell death[126]. Evidences have shown that TRAIL deficient mice or neutralization of 

TRAIL promoted sarcoma formation [127,128].  

 Likewise studies have shown that NK cells first boosted the FAS expression in tumor and then 

eliminated by FAS-dependent manner [129]. 

(iii) Secretion of soluble factors:  Type I IFN-γ, IL-12, IL-15, IL-18, IL-2 were also reported to 

enhance the NK cytotoxic and cytokine producing functions [129,130]. As NK cells mature they 

gain the capacity to produce IFN-γ. This cytokine has been associated in augmenting antitumor 

response[131].  
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Figure 1.6: NK cells can target tumor cells by (a) release of cytotoxic molecules such as granzymes/perforin (b) 

Death-receptor pathway such as FAS-FASL (c) Release of soluble factors such as IFN-γ or the nitric oxide pathway 

[125].  
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The immunosurveillance role of NK cells was first shown in vivo by inoculating 

radiolabeled YAC-1 and RBL-5 cultured cell lines. It was found that radiolabeled tumor cells 

were rapidly cleared and  was correlated with enhanced activity of natural killer cell[132]. The 

lack of MHC molecule in tumors cells were later documented as the evidence of NK 

spontaneous killing of tumor cells both in vitro and in vivo [133,134]. Reduced NK cytotoxicity 

was documented in 11 year-long follow up human study [135].  

Immune evasion is considered as one of the key hallmarks of cancer. Despite the 

presence of killing machinery in NK cells tumors employ various strategies to evade the NK 

immunosurveillance. Functional impairment of NK cells was reported in cancer. Reduced NK 

functions and number[136], ligation of inhibitory receptor by non-classical MHC molecule such 

as HLA-G was shown to reduce the NK response[137] . It was also shown that tumors secrete lot 

of soluble molecules such as MICA and MICB which were shown to involve not only in 

shedding of tumors from NK recognition but also in downregulation of the expression of 

NKG2D, the cytolytic receptor of NK cells[138,139]. Immunosuppressive cytokines such as 

TGF-β and IL-10 produced by tumors may also affect the cytolytic function of NK cells. Tumors 

also escape from NK recognition by recruiting immunomodulatory cells such as Treg, myeloid 

derived suppressor cells which negatively regulate NK functions [140]. The following figure 

illustrates the strategies employed by tumor to escape NK attack.  
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Figure 1.7 Tumor employs number of direct or indirect mechanism to evade NK recognition. They release (A) 

soluble ligands such as MICA/B and block the NK activating receptors (C) upregulates HLA molecules (C) Secretes 

immunosuppressive cytokines  (TGF-β, IL-10, IDO),  (D) Enhances Treg cells (E) Kills immature DCs and inhibits 

NK activation (F) Tumor influences  phagocytes to release inhibitory cytokines (G) kills immature NK cells and 

reduces the NK count[141].  

 

1.2.5 NK cells in head and neck cancer 

NK cell activity was important for improving the survival of head and neck cancer 

patients[142]. Decrease number of NK cells in circulation was reported with patients with head 

and neck cancer [143,144] . It was shown that immunoregulatory subset of NK cells i.e.  CD56 

bright
 NK cells were reduced in number when analysis was carried out using HNSCC peripheral 

blood compare to controls. The reduced number of NK cells was observed in all tumor types and 

stage of HNSCC[144]. But it is not known whether the decrease in CD56
bright

 population is 



45 
 

compensated by increase in other cytotoxic subset CD56 
dim

. Previously this shift was noticed in 

breast cancer[145].Many factors were shown to suppress the NK activity in HNSCC patients. 

TGF-β1 produced by HNSCC cells contributed in reduced NK functions [146]. Using orthotopic 

murine model of HNSCC SCC VII/SF, Dasgupta et al reported that SCC VII/SF secreted TGF-

β1 downregulated the NK cytotoxic receptor NKG2D suggesting tumor derived factors 

suppresses the biological activity of endogenous NK cells in HNSCC [147]. NK cells also 

mediate its cytotoxic function by expressing tumor necrosis factor super family ligands 

(TNFSFL).  It was reported that HNSCC produces soluble TNFSFL and suppress the antitumor 

potential of NK cells in HNSCC[148]. As explained above, HNSCC employ various distinct 

strategies to avoid NK mediated immune surveillance. Therefore, deeper understanding of NK-

tumor interaction is required to design the novel immunotherapy for HNSCC.  

1.2.6 DC in head and neck cancer 

The maturation and activation status of dendritic cells regulate the functional 

activities of diverse T-cell subsets [149,150]. Steady state, immature DCs are 

tolerogenic, whereas mature DCs have acquired the ability to effectively stimulate 

specific T cell subsets, including Th1, Th2 and Th17[151]. In tumor 

microenvironment, dendritic cells stimulate the infiltrating T cells and orchestrate the 

anti-tumor immunity[152]. Tumor infiltrating dendritic cells (TIDCs) have been 

detected in many solid cancers including head and neck cancer[153].However, tumor 

microenvironment alters TIDCs. These altered TIDCs may not be  efficient in 

inducing T cell response [152]. Contradictory reports were observed in association 

between TIDC and the disease outcome. For e.g. Ni et al reported that accumulation 

of CD208+ DC into tumor in patients with oral squamous cancer did not favored 
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better survival. Whereas Reichert et al reported that densely infiltrated DC favor the 

better survival [154,155]. Therefore, in order to understand the correlation between 

TIDCs and head and neck cancer, both the quality and quantity of TIDCs may be 

important for examining their role in cancer pathogenesis. Of note, a number of 

defects in DC differentiation and function have been reported such as defects in 

differentiation, reduce expression of costimulatory molecule and resistant to 

maturation.[156,157]. Immunosuppressive cytokines such as IL-10, TGF-β, IL-6 

were reported to have worse prognosis in head and neck cancer[158]. High 

expression of exhaustion markers such as Program death ligand (PD-L1) and Program 

death ligand (PD-2) were reported as another new class of prognostic marker for head 

and neck cancer. It was demonstrated that PDL-1 negative patients had better survival 

compared to PDL1 positive patients when analysis was carried out in oral tumor 

tissues. By binding to PD-1 receptor of T cells, PDL-1 and PDL-2 negatively regulate 

T cell stimulation [159]. It is not entirely clear whether PD-L1 and PD-L2 is 

expressed in TIDC in head and neck cancer. Perrot et al reported that three sub types 

of TIDCs in human non-small cell carcinoma having low, intermediate and high 

CD11c expression. They further reported that intermediate CD11c express low levels 

of co-stimulatory molecule and high levels of PD-L1[160].  

  All these findings suggest that TIDC are constantly changing their phenotype over 

time as the disease progresses and may impact disease outcome. Understating TIDCs 

at both phenotypic and functional level, their subsets, disease stage and the factors 

involve in inducing immunosuppressive DCs may provide novel therapies in 

reversing the immunosuppressed TIDC for therapeutic application in head and neck 
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cancer. In addition to DC, T cell is another critical immune cell that is directed 

towards targeting tumor cells. Their role in context of head and neck cancer is 

discussed in next section.  

1.2.7 T cells in head and neck cancer 

  T cells are important effector lymphocytes that play a vital role in cell-mediated 

cytotoxicity and regulation of adaptive immunity (28). Activation of the T-cell receptor (TCR) of 

cytotoxic T cells requires specific recognition of the MHC class I/peptide complex (signal I)  and 

costimulatory signal that is generated by priming B7 molecules present in DC  and CD28 on T 

cell (signal II)[161]. In context of tumor, tumor cells release tumor associated antigen (TAA).  

Antigen presenting cells such as dendritic cells pick up the tumor antigens and present to T cells. 

After getting right priming and costimulatory signal, T cells then leaves lymph node in search of 

tumor cells in the periphery. When T cells arrive to tumor site they mediate their killing effector 

function and destroy tumor cells[162]. Cytotoxic T cells destroy tumor cells either by lytic 

mechanism such as perforin/granzyme or receptor mediated such as Fas/FasL mechanism and by 

nonlytic mechanism such as IFN-γ production[163]. Therefore, T cells play majority of the role 

in killing tumor cells. Memory T cells also play important role in protection against the 

secondary recurrences of cancer[164]. Despite this effector function of T cells in regressing both 

primary and secondary recurrences, cancer can evade immune system. There are multiple ways 

cancer cells can evade immune system in head and neck cancer. For e.g. a decrease in the 

absolute cell counts of specific T cell subsets has been observed in HNSCC patients [165,166]. 

Downregulation of MHC molecules have been reported in HNSCC. Therefore, HNSCC escapes 

cytotoxic T cell recognition via downregulation of MHC class I molecules [166,167]. Increased 

number of immunosuppressive cells such as Treg and myeloid derived suppressor cells were 
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reported in HNSCC. By releasing immunosuppressive cytokines such as TGF-β and IL-10 these 

cells were shown to prevent the killer T cells to execute their function in patients with oral 

squamous cancer [168]. Intrtumoral Treg were shown to have higher immunosuppressive effects 

compared to circulating Treg, suggesting that tumor microenvironment may have edited the 

infiltrating T cells in their favor[169]. Higher infiltration of CD8+ cells and CD4+ cells were 

documented as the independent prognostic factor for head and neck cancer [170]. Using breast 

cancer model Huang et al has reported that the switching of CD4 Th1 cells from early stage to 

Treg cells in late stage [171]. However, it is not known whether similar phenomenon exists in 

head and neck cancer. The mechanism by which infiltrated T cells subsequently become 

functionally inhibited in context of head and cancer is not clear. Whether the expression of 

exhaustion marker (PD1, PDL-1, and PD-L2) or other tumor derived factors may influence the 

infiltrating T cells at functional level is yet to understand. Greater understanding of the tumor-

immune cells interaction may be helpful in designing effective immunotherapy against this 

deadly cancer. Recently, apart from tumor and immune cells interaction, interaction between two 

important immune cells such as NK and DC has gained considerable attention due to their ability 

to instruct adaptive immune system. Their role in context of cancer is discussed in following 

section.  

1.2.8 NK: DC crosstalk in cancer  

In addition to their direct effector functions against tumor cells, NK cells are 

immunoregulatory cells that can orchestrate and tune the adaptive immune responses. For e.g. 

NK cells also interact with other immune cells such as dendritic cells (DC) and augment each 

other functions [172,173]. Depending on their maturation and activation states, DC acquire 

specific ability to induce immunological tolerance or to stimulate functionally distinct T cell 
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subsets (such as Th1, Th2 and Th17) effectively[151]. The collaboration of NK and DC 

(crosstalk) is bi-directional, comprising multiple soluble factors and direct cell-cell contacts 

[174,175]. Regulation of DC maturation/functions by NK cells is vital in directing both arms of 

immune system (innate/adaptive) that orchestrate anti-tumor and anti-microbial responses in vivo 

[174-176]. In bi-directional crosstalk between NK and DC cells [177,178], activated NK cells 

were able to either activate or kill immature DC whereas DC can reciprocally stimulates NK 

cells to enhance their effector functions [176,179,180]. Indeed, NK-DC crosstalk can also be 

exploited in the development of protective immunity against cancer[178]. Vujanovic et al 

demonstrated that recombinant adenovirus engineered dendritic cells activated NK cells and 

promoted NK antitumor effect against leukemia [181]. Chinnery et al have shown the robust 

IFNγ production in culture supernatant when NK cells and DC are co-cultured together in the 

presence of hemagglutinin-neuraminidase (HN) expressing B16.OVA tumor cells[182].  

Interestingly, mice challenged with B16.OVA-HN tumor cells activated NK cells when 

compared to B16.OVA tumor cells. Depletion of NK cells and CD8+ cells failed to generate 

anti-tumor immunity. Authors speculate that the NK-DC cross talk could be important in 

protection against tumor. However, they did not examine the  DC response in NK depleted mice 

to support their logic[178]. Fernandez et al. reported that DC was able to trigger NK-cell 

cytotoxicity and cytokine production in vitro, and adoptively transferred DC triggered the anti-

tumor functions in NK cell dependent manner. [183].  Kanako et al demonstrated that BMDC 

immunization generated long term NK anti-tumor immunity and that long lasting anti-tumor NK 

response required endogenous DC[184]. Depletion of NK cells in animal tumor models (such as 

melanoma, colon cancer) impaired cytotoxic T cell proliferation, activation and protective anti-

tumor responses [185,186]. Interestingly, gene silencing of Wiskott - Aldrich syndrome protein 
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in DC impaired NK-DC conjugate formation, and the ability of NK cells to control tumor [187]. 

Conditional IL-27 KO mice demonstrated impaired NK-DC crosstalk and protective anti-tumor 

responses against B16 challenge. Reconstituting IL-27 in this animal model restored NK 

activation and inhibition of tumor growth, demonstrating a role of IL-27 in NK-DC crosstalk in 

anti-tumor immunity [188] .  Using TS1A mouse model of mammary adenocarcinoma, Morandi 

et al recently documented the in vivo DC editing by NK cells. They observed that inoculation of 

NK-sensitive YAC-1 in mice not only activated NK cells but also edited CD11C+DC. Such 

editing of DCs promoted selection of the most immunogenic DCs in the expansion of CTL that 

result in enhanced survival of mice upon a lethal challenge of tumor cells [175]. All the earlier 

and recent findings documented the importance of NK-DC crosstalk in orchestrating anti-tumor 

immunity in vivo.  They also provided a rationale for the rational designs of anti-tumor 

immunotherapy that enhance NK-DC crosstalk in vivo[189].   

1.2.9 Factors affecting NK-DC crosstalk 

NK cells regulate dendritic cells (DC) maturation/functions via direct cell contacts and/or 

soluble factors [177,174]. Piccoli et al demonstrated that both contact dependent and soluble 

factors such as TNF-α were important for stimulation of NK-DC interaction. Using transwell 

system, they have shown that NK cells when separated from contact  with DC no longer matured 

dendritic cells. Also, blocking TNF-α reduced DC-maturation[174]. Ferlazzo et al reported the 

involvement of NK surface receptor NKp30 in NK-DC recognition[176]. Except soluble factor 

TNF-α and surface molecule NKp30 it is not yet fully understood which other surface receptors 

and soluble factors are involved in this interaction. Apart from cell-contacts and/or soluble 

factors NK-DC ratio also plays important role in NK-DC interaction. It was shown that high NK-

DC ratio negatively influence this interaction because high number of NK cells may kill all 
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surrounding DCs and prevent the amplification signals required for DC maturation. Whereas low 

ratio of NK-DC amplifies the DC maturation signals. Low number of NK is not sufficient to kill 

all DCs rather it provides amplification signal for surrounding DCs for maturation[174]. It is 

hypothesized that DC mediated NK activation takes place at peripheral sites such as spleen, 

blood, bone marrow and at the site of infection. NK cells are found abundantly in peripheral sites 

such as blood, spleen and bone marrow. Also, when pathogens or an inflammatory stimulus is 

received, DCs produces chemokines to recruit NK cells to site [174,176]. Therefore it is thought 

that NK-DC interaction takes place in these sites. In tumor it can be speculated that NK-DC 

recognition may take place around tumor sites. However, there is no clear evidence supporting 

this hypothesis.  

 

1.2.10 Enhancing NK-DC crosstalk for head and neck cancer immunotherapy 

The importance of NK-DC cross-talk has been shown in context of head and neck cancer. 

Ferris et al measured the antitumor response in terms of IFN-γ production by cetuximab 

activated NK cells. Cetuximab activates NK cells by binding with Fc γ RIII receptor on NK cells. 

They showed that cetuximab activated NK cells incubated together with PCI-15B HNC cells and 

IFN- γ activated Dendritic cells produced significant amount of IFN- γ when compared to 

isotype control and Cetuximab activated NK cells incubated without dendritic cells[189].  The 

authors concluded that the NK-DC crosstalk was critical in priming CD8+ T cells.  In addition to 

antibody dependent function, previously it was shown that cytokines activated NK cells (IL-15, 

Il-12, IL-18, IL-21) demonstrated the antitumor activity in other tumors such as melanoma, renal 
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tumors [190-193]. It would be interesting to examine whether cytokines activated NK cells 

mediate anti-tumor function by influencing DC function in HNSCC.   

 

Figure 1.8: Bidirectional interactions of NK cells and DC: NK cells regulate DCs function by enhancing DC 

maturation, cytokine production that in orchestrate the T cell immunity. Soluble factors such as TNF-α, IFN-γ, 

HMGM contributes in NK dependent regulation of DCs. Reciprocally, DCs can also regulate NK cell function by 

enhancing its cytotoxicity, ability to secrete pro-inflammatory cytokines, proliferation. factors such as MICA and 

MICB, surface molecules like NKp30, NKp46 and other soluble factors like IL-12 and IFNs contributes in DC 

dependent NK cell regulation[194]. 

 

1.2.11 Mouse models of HNSCC  

As the role of host immune system in providing anti-tumor immunity became evident; 

search for relevant animal models became essential in studying the tumor-immune interaction 

and to monitor the therapeutic efficacy of drugs and/or immune based therapy.  Even though 

single model may not recapitulate all aspects of HNSCC, having clinically relevant animal model 

is beneficial in designing appropriate treatment and diagnosis.  Mouse models are useful to test 

the effect of therapeutic agents before taking to clinics [195]. The strength and weakness of some 

available mice models for HNSCC are summarized here.  
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Table III: Available mice model for HNSCC 

 

Each of these models have their own limitations and strength, the immunotherapy 

assessment should be done in more than single mouse model before clinical transition. Among 

these models, orthotopic models were considered as better models because they can mimic 

HNSCC tumor in terms of their location, pathways of metastasis like in human HNSCC, and 

predict clinical response[205].However, establishing orthotopic mice models are not only 

technically challenging but also difficult to measure the antitumor response for immunotherapy 

assessment. Internally implanted orthotopic tumors could be measured if the lab is well equipped 

Model  Strength Weakness Ref 

Chemically induced 

carcinogenesis model (4-

nitroquinoline 1-oxide) 

Useful to study the 

effect of carcinogen, 

cancer detection 

Time consuming, 

tumor formation in 

other location GI 

track and paws, do 

not recapitulate 

HNSCC as no 

invasive carcinoma 

developed 

[195],[196], [197] 

Xenograft transplantable 

model 

a) Subcutaneous 

Xenograft 

 

 

b) Orthotopic 

Short time interval 

for tumor formation, 

convenient in Tumor 

size monitoring 

 

 

Closely mimic 

human HNSCC, 

few tumor cells are 

required, 

suitable for treatment 

model  and 

pathogenesis 

Immunocompromised 

system, 

infrequent metastasis, 

lack of metastasis in 

local tissue 

 

Very few cell lines  

are available, 

lacks host immunity 

[198] 

 

[199],[200] 

 

 

 

[201] 

Transgenic mouse model Useful to study the 

role of cancer 

specific genes 

Costly, tedious model 

development and 

breeding protocols, 

may not reflect the 

human HNSCC 

[202],[203], [204] 
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with advance technology such as small-animal magnetic resonance imaging or other tools such 

as positron emission tomography; reporter genes with specific fluorescence properties[205]. 

1.2.12 AT-84 transplantable tumor model 

   In this study, AT-84 transplantable tumor model is used to study tumor immunology and 

immunotherapy. AT-84 squamous cells carcinoma is derived from oral mucosa of the C3H 

immunocompetent mice. These mice accept the AT-84 cells without immune rejection.  

Therefore, AT-84 model is more realistic model because it can be grown in immunocompetent 

mice where host tumor immunity is intact as compared to immunosuppressed model or nude 

mice[206]. The in-vitro cultured AT-84 cells were subcutaneously transplanted in C3H 

syngeneic mice. The tumor grows rapidly to a large size within a week. The in vivo growth of 

tumor can be easily monitored.  AT-84 model is suitable to study the host immune responses to a 

syngeneic tumor and to examine the array of immunotherapeutic.  AT-84 tumor cells can be 

grown with ease in both in vitro and in vivo therefore this model is also suitable for adoptive 

immunotherapy[207]. AT-84 tumors could be grown both in orthotopic (oral) and heterotopic 

(flank) sites.[206]. AT-84 tumors resemble closely to human tumors. Earlier AT-84 tumor cells 

were characterized and shown that tumor cells were spindle-shaped having sarcomatoid pattern. 

Nuclei were stretched to oval having granulocytes and lightly eosinophilic cytoplasm[206].  It 

was shown that orthotopic AT-84 resembles closely to human HNSCC in terms of histological 

appearance, growth pattern, and lung metastasis pattern. Also,   mice with orthotopic AT-84 died 

in 28 days whereas none of the mice died with heterotopic tumors. Previously, it was also shown 

those AT-84 transplantable tumor models were suitable for testing the immunotherapy and were 

susceptible for oncolytic virus. SCC VII/SF model was another transplantable syngeneic model 

available in C3H background. However, compared to AT-84, SCC VII/SF derived cell line was 
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less characterized, resistant to immunotherapy [206,207]. SCC VII/SF was also regarded as less 

realistic model as compared to AT-84 because SCC VII/SF was derived from abdominal tissues 

whereas AT-84 from oral tissues[205]. 

AT-84 transplantable tumor has many advantages. But this tumor cell is derived from 

immunocompetent mice it as already gone through the 3 E phase of immunoediting. The 

tumorigenesis of AT-84 may not reflect like the de novo. Despite this, transplantable tumor 

(orthotopic/ heterotopic) remains valuable tool to evaluate the therapeutic potential of 

immunotherapy[208].  

 

1.2.13 IL-15 signaling in NK Cells  

Binding of IL-15 to IL-15Rβ/ϒ+ NK cells leads to activation of JAK1/JAK3 which in turn 

phosphorylates the IL-15Rβ/ϒ receptor chain. STAT5 molecules are then recruited to the 

phosphorylated sites of IL-15Rβ/ϒ and subsequently get phosphorylated before they are 

transported to nucleus to induce the gene expression. STAT5 targets multiple genes needed for 

NK cell survival (MCL1), tumor killing genes (Tnf,  GZmb) and cell proliferation (cdk4/6). The 

inhibition of IL-15 signaling occurs when STAT5 induces the Cish molecule. Cish translates the 

protein CIS which in turn binds to JAK1/3 and the IL-15Rβ/ϒ complex via its SH2-domain. This 

activity inhibits the JAK1 activity and downregulates IL-15 signaling [209-11].  

 

 



56 
 

CHAPTER 2.0 GAP OF KNOWLEDGE, STUDY RATIONALE, 

HYPOTHESIS AND OBJECTIVES 

2.1 Gap of Knowledge and study Rationale : Head and neck squamous cell carcinoma 

(HNSCC) is the sixth most common neoplasm in the world [212]. It has a fairly aggressive 

disease process with most of tumor related events taking place within first 2 years.  Despite 

advances in multi-modality treatments (surgery, radiation, and/or chemotherapy that target tumor 

cells primarily), HNSCC patients have the lowest 5-year disease-free survival rate (≤ 50%) 

compared to other major cancers[26].   Efforts in managing HNSCC treatment have been largely 

focused on the direct killing of tumor cells, which may be inefficient in augmenting the host anti-

tumor immunity in the patients.  Also, the follow protocols currently in practices do not seem to 

diagnose treatment failures and recurrences early enough.  A strategy to overcome these 

problems is to identify biomarker(s) that will support early detection of recurrent or persistent 

disease, and to develop innovative immunotherapy that will reduce Head and Neck cancer 

recurrences. Earlier publications from our group and others reported reduced level of CD3ζ chain 

in both tumor infiltrating lymphocytes and peripheral blood lymphocytes in small cross-sectional 

studies [55,56]. In addition, due to its critical role in mediating T cell function and survival, 

CD3ζ therefore, emerges as a clinically important immunological molecule in HNSCC [56]. Its 

relevance as a prognostic biomarker of HNSCC, however, has not been formally addressed.   

Natural killer (NK) cells play essential role in cancer immunosurveillance. In addition to their 

direct effector functions against tumor cells, they are immunomodulatory cells that can regulate 

the diverse function of other important immune cells such as dendritic cells. Dendritic cells are 

professional antigen presenting cells that can tune the adaptive immune response upon priming 
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with T cells. The stimulatory ability of dendritic cells depend on it’s the maturation and 

activation status. It was shown that tumor influences the stimulatory capacity of dendritic cells 

which in turn silence the T cell stimulation. However, it is not known whether recruiting Natural 

killer (NK) cells to HNSCC exposed dendritic cells can enhance the DC functions which in turn 

modulate the T cell function. Therefore, in this study I plan to harness the properties of 

exogenously activated NK cells in context of HNSCC.  

2.2 Hypothesis: Part I: A longitudinal analysis of the CD3ζ molecules of the HNSCC patients 

over time and during medical interventions will provide supports for its use as a functional 

biomarker in disease progression and prognosis. Part II: NK cell-based immunotherapy can 

induce effective anti-tumor immunity through its direct cytotoxicity and/or modulation of DC 

functions 

2.3 Overall Objectives: To evaluate the feasibility of using CD3ζ chain levels in peripheral 

blood lymphocytes as a prognostic marker and indicator of disease control and to develop 

immune based therapy to restore/augment anti-tumor immunity in HNSCC. 

2.4 Specific Objectives: 

1) To develop a method that conducts longitudinal flow cytometric analysis of a candidate 

biomarker, such as CD3ζ, in patients with HNSCC. 

2) The second objective of this prospective study was to compare the level of baseline pre-

treatment CD3ζ chain expression of HNSCC patients with that of healthy controls and its 

relation to known prognostic factors for HNSCC. Also to determine whether the change 

in level of CD3ζ chain expression on serial longitudinal follow-ups can predict the 

oncological outcomes for patients with HNSCC 
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3) To examine whether and how exogenously activated NK cells can mediate anti-tumor 

function against HNSCC.  
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3.0 CHAPTER  MATERIALS AND METHODS 

3.1 Study cohort: Our prospective study, approved by Research Ethics Board at the University 

of Manitoba, included 47 consecutive consenting HNSCC patients with loco-regional disease 

(M0), out of 55 such patients who were treated at Head and Neck Surgical Oncology Service, 

CancerCare Manitoba, Canada with curative intent, between August 2009 and August 2012. 

CancerCare Manitoba is a comprehensive cancer care centre associated with the University 

teaching hospital. The patient demographics, the extent of disease at initial presentation, the 

treatment details, cancer recurrence during follow-up and oncological status on 31 August 2015 

were recorded.  Blood samples were drawn before initiating any treatment (baseline) and at 6-

month follow-up intervals.  All patients were followed up for at least 3 years with a median 

period of 45 months (range=36-72 months). Blood samples drawn from 53 unidentified males 

and females, in the same age group and without any evidence of immunosuppression, were used 

as healthy controls. 

3.2 Antibodies and Flow cytometry: Anti-mouse CD3ε, NK1.1, DX5, CD11c, CD40, CD80. 

CD86 were all purchased from eBioscience (San Diego, CA). Flow cytometric analyses were 

carried out with a FACSCanto II (BD) and obtained data were analysed using FlowJo software. 

10,000 cells were acquired for each test. Fc blocker (ebioscience) was added to block the 

nonspecific staining of antibodies followed by surface staining. Surface molecules on NK, DC 

and T cells were stained using surface staining protocol with respective antibodies for different 

cell type as described previously [173,213].  

3.3 Freezing and thawing of PBMCs. PBMCs were isolated from the whole blood of healthy 

donors and HNSCC patients using Ficoll gradient centrifugation, as previously described 
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[56,55], and washed once in complete medium, consisting of RPMI-1640, 

penicillin/streptomycin/L-Glutamine and 10% fetal bovine serum (Thermofisher Scientific, Inc., 

Ontario, Canada). Viable cell numbers were determined by a B4005 hemocytometer and trypan 

blue viable cell exclusion dye (VWR International, Ontario, Canada)[214]. PBMCs were 

cryopreserved at -196˚C in aliquots in complete medium, which contained a final concentration 

of 10% dimethyl sulfoxide, using a Mr. Frosty™ Freezing Container (Thermo Fisher Scientific, 

Inc., Waltham, MA, USA), according to the manufacturers protocol. The cryopreserved PBMC 

was removed from liquid nitrogen, and rapidly thawed in a 37˚C water bath prior to the cells 

being transferred to 10 ml pre-warm complete media. The cell pellet was collected and 

resuspended in 1 ml of fresh, warm complete media at 37˚C. The viable cell count was 

determined, and the thawed cells were used directly for flow cytometric assays.  

3.4 Flow cytometric analyses of CD3ζ expression: Sequential staining was performed to 

evaluate CD3ζ expression in T cells using flow cytometry. Surface CD3ε, a marker of T cells, 

was stained using specific fluorescein isothiocyanate (FITC) mouse anti‑human CD3 

monoclonal antibody (clone, UCHT1; cat no. 55916; dilution, 1:66; BD Biosciences, Franklin 

Lakes, NJ, USA). Following surface staining, PBMCs were fixed in 1% paraformaldehyde 

(Sigma‑Aldrich, Ontario, Canada) for 10 min at room temperature, followed by two rounds of 

washing with phosphate‑buffered saline (PBS). In total, 2 ml of cell permeabilization buffer 

(0.1% saponin and 0.05% sodium azide in PBS; Sigma‑Aldrich) was added to the PBMCs. The 

PBMCs were kept on ice for 15 min in the dark, washed once with cell permeabilization buffer 

and resuspended in 0.2 ml of the cell permeabilization buffer. The expression of CD3ζ was 

detected intracellularly, using a specific phycoerythrin (PE)‑conjugated monoclonal antibody 
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(clone, 2H2D9; ca no. IM3169; dilution, 1:10; Beckman Coulter, Inc., Brea, CA, USA). An 

immunoglobulin (Ig)‑G1 isotype control (eBiosciences, San Diego, CA, USA) was used to 

distinguish specific CD3ζ binding from non‑specific binding during flow cytometry. The 

optimal amount of antibody was determined by titration and the cells were analyzed by BD 

FACSCanto™II flow cytometer (BD Biosciences). A total of 10,000 events were acquired and 

the expression levels of CD3ζ in T cells (gated on CD3ε+) were analyzed using FlowJo software, 

version 9.6.2 (FlowJo, LLC, Ashland, OR, USA) by the mean florescence intensity (MFI). 

3.5 Internal control for flow cytometry. The present study collected PBMCs from 5 healthy 

donors. The PBMCs of the healthy donors were pooled and stored in small aliquots in liquid 

nitrogen until use. In each flow cytometric assay, one of these vials was thawed (0.5x106 cells) 

and used in the staining process along with the patient samples. To evaluate the intra and 

inter-assay variation, the same internal control was thawed and the CD3ζ expression was 

analyzed 3 times using flow cytometry at 3 time points in weekly intervals. The MFI of the 

CD3ζ chain expression was measured within an individual experiment for intra-assay variability 

and between multiple experiments for inter-assay variability. 

3.6 Determination of cell viability and exclusion of dead cells from the analysis. To 

determine the cell viability and to exclude the dead cells from the analysis, Fixable Viability Dye 

eFluor® 780 (eBioscience, Inc., San Diego, CA, USA) was used, according to the manufacturer's 

protocol. The cells were washed with flow buffer (0.05% FBS, 10% sodium azide in PBS) and 

surface staining was performed using an anti-CD3ε monoclonal antibody. The cells were then 

kept in the dark at 4˚C for an additional 30 minutes prior to intracellular staining for CD3ζ. Live 
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T cells, gated from the dead cells using either the fixable viability dye or forward scatter/side 

scatter (FSC/SSC), were analyzed for CD3ζ chain expression. 

3.7 Data normalization. CD3ζ expression (expressed as the MFI) was determined in the PBMCs 

of the internal control, healthy controls and patients using an individual flow cytometric assay. 

Data normalization was performed by transforming the MFI values of the test samples (patients 

and healthy donor) to a common scale using the following equation: Final relative fluorescence 

intensity = MFI of the test sample / MFI of the internal control. 

 

3.8 SEB and CEF T cell stimulation assay: Cryopreserved PBMCs from patients and healthy 

donors were thawed and washed. Cells were then re-suspended (0.5×10
6
/ml) in complete 

medium (RPMI 1640 plus 10% FCS and penicillin/streptomycin) in 24-well plates and incubated 

for 6 hours before stimulation. For antigen (Ag) non-specific T-cell stimulation assays, PBMCs 

were stimulated by the addition of staphylococcal enterotoxin B (SEB) (Sigma-AlDRICH, USA) 

superantigen to the cells for a final concentration of 3.0 µg/ml as described previously [215]. For 

Ag-specific T cell activations, PBMC were stimulated with CEF peptide pool (Anaspec inc, 

USA) (CEF peptide pool consists of 32 peptides derived from cytomegalovirus, Epsten-Barr 

virus, and influenza virus) with a final concentration of 20 µg/ml (stock: 4mg/ml), as previously 

described [216,217]. Following SEB or CEF stimulations, anti CD28/anti-CD49d (BD 

Biosciences, USA) costimulatory reagents were added to the stimulated cells at a final 

concentration of 5 µg/ml.  Unstimulated cells were used as negative control. 1 µl Golgiplug (BD 

Bioscience, USA) was added to final volume of 0.5×10
6
/ml for every cell culture. Cells were 

further kept at 37
o
C for additional 6 hours before detecting IFN-γ (Biolegends, USA) by 

intracellular staining for CD3ε+ cells. IFN-γ+CD3ε+ cells were gated, and the percentage (%) 
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and the mean fluorescence intensity (MFI) of IFN-γ producing cells were measured using flowJo 

software (flowJO, LLC, USA). 

3.9 Statistical analysis: Comparisons of CD3ζ expressions between patients and healthy groups 

were performed using Mann-Whitney nonparametric analysis (GraphPad prism version 5, San 

Diego, CA) as the healthy group had non normal distribution.   All differences with a p value of 

> 0.05 were considered statistically not significant (NS). After confirming the assumption of 

normality, the level of baseline CD3ζ expression in patients was compared with known 

demographic and prognostic factors such as age, gender, site of primary tumor, primary tumor 

(T) and lymph node (N) stages using analysis of variance (ANOVA).  Categorical data were 

compared using the Pearson Chi-square test with continuity correction. Disease free survival 

(DFS) and cause specific survival (CSS) were estimated and plotted by Kaplan-Meir method and 

compared by log rank test using SPSS 22.0 for windows (SPSS Inc., Chicago, IL).  Receiver 

operating characteristic (ROC) curve with area under the curve (AUC) was used to assess the 

accuracy of percent change in CD3ζ expression from the baseline in predicting the likelihood of 

presence/absence of persistent and recurrent disease and to identify the optimal percent change in 

CD3ζ expression for this prediction.  Youden index was used to identify the best cut off percent 

change in CD3ζ expression [218]. The independent influence of percent change in CD3ζ 

expression from the baseline and other known prognostic factors on disease control and survival 

were evaluated in multivariable models using Cox Proportional Hazard model after checking 

proportional hazard assumption. For mice study, one way anova using Bonferrioni post-test was 

applied to compare all pairs of column in all experiments except figure 6.2 and figure 6.3. For 

figure 22 and figure 23 two way anova was applied to compare all the groups in the experiment.  
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3.10 Mice:  C57BL/6, BALB/c mice were purchased from Central Animal care services 

(University of Manitoba).   C3H/HeJ, C57BL/6-Tg(TcraTcrb)1100Mjb/Crl (OT1), and (C.Cg-

Tg(DO11.10)10Dlo/J) mice were purchased from Jackson Laboratory (Bar Harbor, Maine, 

USA). All animal experiments were approved by University of Manitoba’s Review Board.  

3.11 Isolation, purification and in vitro expansion of NK Cells:  NK Cells were purified using 

NK negative selection kit (Stem cell Technologies, Canada) from spleen of C57BL/6 , BALB/c 

and C3H mice. Before purification process splenocytes were isolated using density gradient 

centrifugation using Ficoll-plaque (GE Healthcare , Sweden) as described previously [173].  

Purified NK cells were expanded using 50ng/ml IL-15 (peprotech) for 4 day.  The purity of the 

NK cells was analyzed by using CD3ε
-
NK1.1

+
 (C57BL/6) and CD3ε

-
DX5

+
marker   BALB/c, 

C3H by flowjo and found to be >90 % before using for experiment.   

3.12 Cell lines and conditioned medium obtained from AT-84 cell line: AT-84 conditioned 

medium (CM) was obtained by seeding 8*10
6
/175 cm

2
 and cultivated until it reaches 90% 

confluence. Culture supernatant (CM) were obtained by centrifugation, aliquot and stored at -80 

until use.  

3.13 Bone marrow derived dendritic cells (BMDCs) culture and exposure to AT-84 

conditioned medium (CM) :  Bone marrow derived dendritic cells from C57/B6, BalbC and 

C3H mice were cultured in complete RPMI 1640 medium ( Hyclone, Thermo Fisher Scientific , 

Rockford, USA) supplemented with 1 % penicillin/streptomycin/L-Glutamine (Invitrogen), 10 % 

Fetal bovine serum (FBS) , 2-ME and 20ng/ML GM-CSF (petroTech, Rocky Hill, NJ, USA) as 

previously described in work [173]. Briefly, BM cells were fed with GM-CSF supplemented 

medium on every 2 day. On 7
th

 day, supernatant were removed and dendritic cells were cultured 
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in AT-84 conditioned medium (CM) for 24 hours. Immature BMDC and BMDC matured with 

lipopolysaccharide (LPS), ployIC were set up as negative and positive control respectively. 

CD11c+CD40+, CD11c+CD80+, CD11c+CD86+ cells were gated and the expression of CD40, 

CD80 and CD86 was analyzed. 

3.14 NK: DC co-cultures: BMDC exposed to CM were co-cultured with or without IL-15 (Day 

4) activated and expanded NK cells overnight in presence of complete mouse medium in final 

volume of 200μl. The NK: DC ratio was set up at 1:1 ratio. Next day, the non-adherent NK cells 

were removed first. Then adherent DCs were removed from the plate, washed and CD40, CD80 

and CD86 expression was assessed by flow cytometry using CD11c DC marker. To quantify IL-

12 production, supernatant was collected for ELISA. DCs thus obtained were taken out from co-

culture, washed with PBS and further used in DC: T cell co-culture experiment.  

3.15 Isolation of splenic T cell and CFSE proliferation assay: Splenocytes from OT1, DO11, 

C57/BL6 were prepared by homogenized tissue through 40 μm nylon filter. After splenocytes 

preparation, T cells were purified using T cell negative selection kit (Stem cell Technologies, 

Canada). The T cells obtained were labeled with 3μm CFSE (ebioscience) at room temperature 

for 8 min. The labeling was stopped using 100 % FBS followed by 3 round of wash before use. 

BMDC and tumor infiltrating DC obtained from various experimental settings were co-cultured 

at 1:10 (DC:T) ratio on round bottom 96 plate for 72 hour. Supernatant was collected for 

measurement of IFN-γ cytokine by ELISA and to measure T cells proliferation, non-adherent 

cells were gently removed from the plate and stained with anti-CD3 and analyzed by flowJo.  

3.16
 51

Chromium-release cytotoxicity assay: Day 4 IL-15 cultured NK cells were tested for 

cytotoxic activity against YAC-1, P815 and AT-84 cell using 4-h 
51

Cr-release assays as 
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described before in our work [219]. Briefly, Target cells were labelled with 20 μCi (GE 

Healthcare Bio-Sciences, Quebec) for 1 h in tubes in water bath followed by two rounds of 

washing. Thus labelled target cells and effector cells were incubated in 96-well V-bottomed 

plates (Nunc, Roskilde, Denmark) for 4 hour at 37 °C and 5% CO2. The E:T ratios are indicated 

in figure legends. Supernatant were collected after centrifugation and the chromium release was 

counted in a gamma counter by following Dr. Ellison previously established protocol.  % of 

target-specific lysis was calculated using following formula:  

% killing = [(experimental release − spontaneous release)/(total release − spontaneous release)] × 

100. 

3.17
 
Establishment of AT-84 subcutaneous Tumor Model: Tumor model was established 

using AT-84 cell line obtained from C3H oral cancer as described previously in our work [220]. 

Briefly, AT-84 cells were cultured in RPMI 1640 medium (Hyclone, Thermo Fisher Scientific, 

Rockford, USA) supplemented with 10 % Fetal bovine serum (FBS) and washed with PBS 

before injection. 10
7 

AT-84 squamous cancer cells were injected s.c. per mouse in 100μl of PBS. 

To calculate tumor volume, size of individual tumor was measured three axes (l*b*h) by using 

calipers. The growth of tumor was monitored for more than 2 weeks.  

3.18
 
Construction of Vpr and GFP expressing lentiviral vector: The lentivirus vector 

expressing HIV-1 Vpr and GFP was constructed as described previously [220]. Briefly, pHR′-

CMV-EGFP and pHR′-CMV-Vpr were used as transducing plasmids, pCMVΔR8.2VprX was 

used as packaging plasmid and pVSV-G was used as envelope plasmid. Finally, Vpr and GFP 

lentivirus were prepared by cotransfecting 293 T cells followed by ultracentrifugation.  
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3.19 Hematoxylin (H) and Eosin (E) staining: Tissues from tumor bearing mice treated with 

direct injection of IL-15 NK in complete RPMI medium supplemented with low dose of IL-2 

medium and only IL-2 medium (control) were taken for H and E staining. For histological 

analysis, tumor tissues were fixed in 10% buffered formalin. Tissues were then embedded in 

paraffin. Before H and E staining the tissues were dewaxed and stained with hematoxylin for 7 

minutes followed with rinsing with water. These were then destained in 1 % HCL in 70 % 

ethanol followed with rinsing with water. Thus prepared slides were further stained with eosin 

for 5 minutes and rinsed with tap water. Slides were dried before examined under light 

microscope. The staining process was done at histomorphological services, Department of 

human anatomy and cell science , U of M[221].  

3.20 Adoptive NK cell transfer: When the volume of tumor reached ~200mm
3
, 1*10

6
 syngenic 

DX5
+
 NK cells were injected in intratumorally per mouse in complete medium supplemented 

with low dose of IL-2 (100μ/ml).  These NK cells were expanded in vitro for day 4 prior to 

injection to tumor site using 50ng/ml IL-15 (peprotech). PBS and only IL-2 were used as control.  

3.21 Tumor infiltrating DC isolation: Tumors were removed on day 13 from IL-15NK treated 

and control animals and cut into small pieces (~1mm) before enzymatic digestion. The tumors 

were then dissociated with tumor dissociated medium (Stem cell technology, Vancouver, British 

Columbia, Canada) at 37 
0
C for 2 hour. Following digestion process, the single cell suspension 

were prepared using 18 gauge syringe  and incubated additional 5 minute adding 10 nm of final 

concentration of EDTA .Tumor infiltrating CD11c
+
DC were isolated by positive selection using 

EasySep mouse CD11c+ selection kit (Stem Cell Technology, Vancouver, BC, Canada) 

following manufacturer’s instruction. The obtained purity was found to be >90 %.  
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3.22 Quantification of cytokine production: To determine the level of IL-12 and IFN-γ 

production from the supernatant of NK alone, DC alone, and NK: DC and DC: T cell co-culture, 

sandwich ELISA was used in accordance with manufacture’s (Biolegends) instruction. Briefly, 

Capture antibody was coated on the plate overnight with monoclonal anti-mouse IL-12 C15.6 

(for IL-12 measurement) and IFN-γ XMG1.2 (for IFN-γ measurement). Supernatant was added 

to the plate after washing followed by secondary biotinylated anti-mouse IL-12 C17.8 and IFN-γ 

R4-6A2 as detection antibody. Streptavidin-alkaline phosphatase and PNPP substrate were added 

to detect the binding.  

3.23 Blocking CD40 experiment: DC isolated from NK: DC (1:1) co-culture were pre-

incubated with blocking CD40 antibody (anti CD40, mouse IgG1 Biolegend, isotype control 

Biolegend) at 50µg/ml for 45 min at 4
o
C before co-culturing them with T cells.  
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CHAPTER 4.0 DEVELOPMENT OF A STANDARDIZED FLOW 

CYTOMETRIC ASSAY FOR LONGITUDINAL ANALYSES 

4.1 Standardization of CD3 ζ chain for longitudinal analysis: The result of longitudinal study 

is presented in chapter 5. This chapter describes the validation method needed to conduct 

longitudinal study.  

4.2 Specific Introduction and rationale  

 Head and neck squamous cell carcinoma (HNSCC) is located in the upper aerodigestive 

tract. Although it is the sixth most common neoplasm in the world, advances in multi-modality 

treatments, including surgery, radiation and chemotherapy, have not increased the 5-year 

survival rate of ~50% over the past 35 years[222,207]. Identifying biomarkers in the blood or 

other body fluids of an individual may aid in the diagnosis of disease and predict treatment 

outcomes in patients with HNSCC [223,224]. In a cross-sectional study, analysis of a candidate 

biomarker uses single time-point sampling from population data [225]. By contrast, a 

longitudinal analysis involves using multiple samples from a single patient at various time 

points; therefore, this type of analysis reveals quantitative alterations in the candidate biomarker 

in the patient, which may be associated with improved health, treatment outcomes and clinical 

status of the patient [226]. However, to quantify a candidate biomarker in a longitudinal study, a 

standardized assay that supports robust and consistent inter-assay data collection is critical for 

statistical analyses [227].  

Flow cytometry is a laser-based technology for the analysis of physical and chemical 

properties of cells or cellular components. Advances in flow cytometer designs and novel 

fluorochromes for the chemical conjugation of antibodies have facilitated robust, 
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multi-parametric analysis at a single cell level. The technology has been widely used in basic 

research [248], clinical analysis of patient immune responses [228], hematological malignancies 

and minimal residue disease [229-231], and enumeration of lymphocyte populations in 

immunodeficient diseases and cancer[232,233]. 

The present study aimed to evaluate whether the expression of cluster of differentiation 

(CD) 3ζ in peripheral T cells from patients with HNSCC may serve as a biomarker for the early 

detection of recurrent or persistent HNSCC in a longitudinal study. The present study used 

commercially available anti-CD3ζ antibodies in flow cytometry to determine CD3ζ expression in 

a cohort population of patients with HNSCC prior to and following clinical treatments. However, 

while comparing the longitudinal data obtained over multiple time points, the present study 

observed that numerous ranges of CD3ζ expression were exhibited in the flow cytometric assays. 

The present study developed and described a method that conducts longitudinal flow cytometric 

analysis of a candidate biomarker, such as CD3ζ, in patients with HNSCC. 

4.3 Results 

4.3.1 Flow cytometric analysis of CD3ζ chain expression. To evaluate the specificity of 

anti-CD3 antibodies in flow cytometry, fluorochrome-conjugated isotype controls, consisting of 

the PE-mouse IgG1/κ antibody for CD3ζ detection and the FITC-IgG1/κ antibody for CD3ε 

detection, were used in the surface and intracellular staining of PBMC. The present study 

demonstrated that,when compared to the isotype controls, anti-CD3ζ and anti-CD3ε antibodies 

were specific (Figure. 4.0). 



71 
 

 

Figure 4.0. Expression of CD3ζ in CD3+ T cells using flow cytometry. (A) Graphical representation of isotype 

control staining for CD3ε+/CD3ζ+ cells. (B) Graphical representation of staining of CD3ε+/CD3ζ+ cells. (C) 

Histograph representing the staining for CD3ζ and the isotype control IgG1. (D) Histograph representing the 

staining for CD3ε and the isotype control IgG1 κ. Expression of the ζ chain was investigated in 0.5x106 cells of 

quickly thawed peripheral blood mononuclear cells. Surface staining was performed using anti-CD3ε monoclonal 

antibody followed by intracellular staining using anti-CD3ζ monoclonal antibody in the saponin-permeabilized cells 

with their respective IgG1, κ and IgG1 isotype controls. The cells were investigated using a BD FACS Canto flow 

cytometry where 10,000 events were acquired. The CD3ε+/CD3ζ+ cells were analyzed by gating the lymphocyte 

population using FlowJo software. CD, cluster of differentiation; Ig, immunoblobulin. 

 

4.3.2 Freezing and thawing of PBMCs may induce cell death and affect the present analysis. 

Using a commercial fixable viability dye, the present study observed that the percentage of dead 

cells in the thawed samples were in the range of 2-23% (Figure. 11). To measure CD3ζ chain 

expression using MFI in live cells, the present study separated live cells from dead cells using 

the viability dye prior to the analysis of CD3ζ expression in the CD3ε+ T cells. In addition, the 
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present study compared the differences in CD3ζ expression when the live cells were gated by 

either the viability dye or the FSC/SSC properties of the total cells acquired. The present study 

observed that there were no significant differences in the MFI determined by these two methods 

of live cell gating (Figure. 4.1). 

 

Figure 4.1. Live-cell gating by either viability dye or forward/scatter properties of the total cells acquired did 

not affect the MFI analyses of the CD3ζ chain expression. (A) MFI of the CD3ζ chain measured in the viable 

cells, gated by viability dye. In total, 0.5x106 cells of the thawed peripheral blood mononuclear cells were washed in 

PBS and suspended in 200 μl of serum-free PBS. A total of 0.2 μl fixable viability dye was added to the cells, 

incubated for 30 min at 4˚C prior to subsequent washing and surface and intracellular staining of CD3ε and CD3ζ, 

respectively. Using BD FACS flow cytometry 10,000 events were acquired. Based on FSC/SSC properties, 

lymphocyte populations were gated for subsequent discriminations of dead and viable cells by the Fixable Viability 

Dye eFluor® 780 (eBioscience, Inc.). Only the viable cells were gated in the MFI analyses of the CD3ζ chain in 

CD3ε+/CD3ζ+ cells. (B) MFI of the CD3ζ chain was determined by live-cell gating using the FSC/SSC properties 

of the total cells. Live lymphocyte populations were gated by their FSC/SSC properties. MFI of the CD3ζ chain in 

the CD3ε+/CD3ζ+ T cells were determined. (A and B) These experiments were generated from the same 

experiment, except the use of the viability dye in (A). (C) No significant difference in the MFI of the CD3ζ 

expression in the CD3ε+/CD3ζ+ cells was observed when the two methods of live-cell gating were compared. The 

statistical analysis was performed using Student's t-test (GraphPad Prism 5; 5 experiments were performed in total). 

MFI, mean fluorescence intensity; CD, cluster of differentiation; PBS, phosphate-buffered saline; FSC/SSC, forward 

scatter/side scatter; ns, non-significant. 
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Subsequently, the present study calculated the standard deviation for the inter-assay and 

intra-assay variations in MFI of CD3ζ expression using various aliquots of the identical PBMC 

sample thawed and assayed at various time points (weekly intervals for 3 consecutive weeks) for 

the inter-assay, and triplicate measurements of 1 aliquot of PBMC sample thawed and assayed in 

a single flow cytometric assay for the intra-assay. The ranges of the variations observed within 

an assay and between multiple assays were 407-412 and 407-477, respectively. The standard 

deviations for intra-assay and inter-assay were 2.16 and 28.6, respectively (Figure. 4.2). 

 

Figure 4.2. Intra-assay and inter-assay variations in the flow cytometric analyses of CD3ζ expression. 

Peripheral blood mononuclear cells from normal healthy donors was isolated by Ficoll-Paque density gradient 

centrifugation and stored in multiple cryovials. (A) Intra-assay analyses, 1 cell vial was thawed and the cells were 

distributed into a minimum of 3 flow cytometry test tubes (0.5x106 per tube) for the subsequent surface and 

intracellular staining of CD3ε and CD3ζ, respectively, and flow cytometric data acquisitions. The standard deviation 

of CD3ζ chain expression in the intra-assay was 2.16. The intra-assay variation in CD3ζ chain expression was 

measured by analysing the MFI of the CD3ζ chain in the CD3ε+/CD3ζ+ cells obtained from the 3 samples 

performed on the same day. (B) Inter-assay analyses, a cell vial of the same sample was thawed at each time point, 

in weekly intervals, and the MFI of the CD3ζ expression in CD3ε+/CD3ζ+ cells was determined and acquired at 

each time point. Data obtained in these independent flow cytometric experiments were collected and analyzed. The 

standard deviation of CD3ζ chain expression in the inter-assay was 28.6. CD, cluster of differentiation; MFI, mean 

fluorescence intensity. 
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4.3.3 Data analysis with or without normalization. Despite efforts to perform flow cytometric 

assays under identical conditions, the present study observed larger inter-assay variations in the 

MFI values of CD3ζ expression during the last 36 months. The present study noted that the MFI 

values of CD3ζ expression of the identical internal control varied between 378 and 1,106. It was 

reasoned that an internal control provided not only a quick way to examine MFI variations 

acquired using various equipment or the same equipment under identical photomultiplier (PMT) 

voltages, but also a reference value for data normalization in the inter‑assays (Table IV). 

 

 

Table IV. Raw and normalized data of the MFI of CD3ζ expression in CD3+ T lymphocytes. MFI values of the 

same PBMC samples (internal control or a test sample) were examined and analyzed in flow cytometry at various 

time-points. In total, 3 representative experiments are exhibited to illustrate the wide range of variations in the MFI 

values observed. Using the MFI value of the internal control obtained in each run, the raw data was normalized to 

represent the relative alterations in the MFI. MFI, mean fluorescence intensity; CD, cluster of differentiation. 

 

Therefore, the present study applied a normalization procedure to the data sets of CD3ζ 

expression in the PBMC samples of the patients with HNSCC, which represented a low range 

(MFI, 378; Table V) and a high range of CD3ζ MFI (MFI, 1,106; Table VI). In addition, the 

present study incorporated a data set collected under an extreme MFI (MFI, 3,106; Figure. 13; 

Table VII) to additionally test the normalization procedure. As revealed in Tables V-VII, 

normalization transformed the data in the low, high and extreme MFI groups into more 

consistent values. 

 
 
Run no.  

 
 
Prior  
normalization 

 
 
Following  
normalization 

 
 
Prior  
normalization    

 
 
Following 
normalization 

1. 378 1.00 281 0.74 
2. 1106 1.00 999 0.90 
3. 3106 1.00 2213 0.71 

Internal control Sample 
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 Prior to normalization Following normalization 

Value Patient Healthy Donor Patient Healthy Donor 

 185 253 0.48 0.66 

MFI 248 238 0.65 0.62 

 209 256 0.55 0.67 

 260 378 0.68 1.0 

 282 392 0.74 1.03 

 282 340 0.74 0.89 

 257 304 0.67 0.80 

 212 238 0.56 0.62 

 

Table V. Data normalization of the MFI of CD3ζ on CD3+ T lymphocytes in a low MFI range prior to and 

following data normalization. The MFI value for the internal control determined using flow cytometric analysis 

was 378. This value was used to normalize the raw MFI data of healthy donor (n=7) and patients (n=8) samples. 

MFI, mean fluorescence intensity; CD, cluster of differentiation. 
 

 Before Normalization After Normalization 

Value Patient Healthy Donor Patient Healthy Donor 

 611 1271 0.55 1.14 

MFI 515 1106 0.46 1.0 

 597 1337 0.53 1.20 

 989 675 0.89 0.61 

 601 880 0.54 0.79 

 614 820 0.55 0.74 

 566 583 0.51 0.52 

 471 674 0.42 0.60 

 

Table VI. Data normalization of the MFI of the CD3ζ on CD3+ T lymphocytes in a high MFI range prior to 

and following data normalization. The MFI value for the internal control determined using flow cytometric 

analysis was 1,106. This value was used to normalize the raw MFI data of healthy donor (n=7) and patient (n=8) 

samples. MFI, mean fluorescence intensity; CD, cluster of differentiation. 
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Figure 4.3. MFI of the CD3ζ varied when acquired at various time points in a long-term longitudinal study. 

(A) Graphical representation of MFI of ζ in CD3+ T lymphocytes performed under the same PMT voltage at various 

time intervals. The expression of ζ chain in terms of MFI was analyzed by FlowJo software gated in CD3ε+/CD3ζ+ 

cells. (B) An internal control was used in flow cytometry, under the same PMT voltage, at 4 time points. Various 

MFI values were obtained in these inter-assay analyses. CD, cluster of differentiation; MFI, mean fluorescence 

intensity, PMT; photomultiplier.  
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 Before Normalization After Normalization 

MFI Patient Healthy Donor Patient Healthy Donor 

 2096 2758 0.67 0.88 

MFI 2019 2694 0.65 0.86 

 2356 2701 0.75 0.86 

 2276 3364 0.73 1.08 

 2092 3106 0.67 1.0 

 1972 2358 0.63 0.75 

 2215 2108 0.71 0.67 

 2113 2080 0.68 0.66 

 

Table VII. Data normalization of the MFI of the CD3ζ on CD3+ T lymphocytes in an extreme MFI range 

prior to and following data normalization. The MFI value for internal control obtained using flow cytometric 

analysis was 3,106. This value was used to normalize the raw MFI data of healthy donor (n=7) and patient (n=8) 

samples. MFI, mean fluorescence intensity; CD, cluster of differentiation. 

 

4.3.4. Analysis of CD3ζ expression in healthy controls and patients with HNSCC. Previous 

small cross-sectional studies have reported a reduced level of the CD3ζ chain in the peripheral 

blood lymphocytes of patients compared with healthy controls (12,13). Therefore, the present 

study compared the MFI of CD3ζ expression in the healthy controls and the HNSCC patients 

prior to and following the normalization process. The present study measured the MFI of CD3ζ 

individual and patient samples and normalized the data using the internal control under identical 

conditions in each experiment. Prior to normalization, no significant difference was observed 

between the MFI of CD3ζ expression in the healthy controls and the patients with HNSCC. By 

contrast, following normalization, CD3ζ expression was observed to be significantly decreased in 

the patients with HNSCC compared with the healthy controls (Figure. 4.4).  
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Figure 4.4. Validation of the data normalization procedure using PBMC samples from the HNSCC patients. 

MFI of CD3ζ in CD3+ T lymphocytes of healthy and HNSCC patients was analyzed prior to and following 

normalization. Prior to normalization, there was no statistically significant difference between the CD3ζ expression 

in the PBMC of the healthy and HNSCC patients. Following normalization, the downregulation of the MFI of the 

CD3ζ chain on T cells from HNSCC patients was statistically significant compared with that of the healthy donors. 

***P=0.0003; n=24. PBMC, peripheral blood mononuclear cell; HNSCC, head and neck squamous cell carcinoma; 

CD, cluster of differentiation; MFI, mean fluorescence intensity; ns, non-significant. 

 

 

Subsequently, the present study validated the normalization procedure in the analyses of 

CD3ζ expression in a longitudinal study. The present study used longitudinal PBMC samples 

from a single patient to illustrate the feasibility of using the normalization procedure in a 

longitudinal study. As revealed in Figure. 6, the use of the internal control during normalization 

standardized the flow cytometric CD3ζ MFI data acquired at various time points, which in turn 

allowed each subsequent follow-up sample to be compared to the previous sample, including the 

baseline data obtained prior to the patient receiving any type of clinical treatment (Figure. 4.5). 
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Figure 4.5. Longitudinal analysis of CD3ζ expression in flow cytometry. P was collected prior to treatment 

(baseline) and post-treatment (follow-up every 6 months). The expression of CD3ζ was investigated using the 

standardized flow cytometric method demonstrated in the present study, and was normalized against the IC. 

Following normalization, the relative CD3ζ expression in the head and neck squamous cell carcinoma sample 

obtained at multiple time-points were in a closer range. CD, cluster of differentiation; P, peripheral blood 

mononuclear cells of head and neck squamous cell carcinoma patients; IC, internal control. 
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CHAPTER 5.0 CD3 ζ CHAIN EXPRESSION IS AN 

INDEPENDENT PREDICTOR OF DISEASE STATUS IN HEAD 

AND NECK CANCER PATIENTS 

5.1 Specific introduction and rationale:  

The frequent recurrences of both locoregional and metastatic disease have been 

considered as the failure of current treatment practices and related with low survival rate. [234] 

[235,236]. Post treatment follow- up program may be helpful in detecting the tumor at early 

stage. Poor salvage rate of recurrent disease results in high cancer related mortality [237]. 

Current follow up protocols are clearly inadequate to diagnose early recurrences at a stage that 

they can be salvaged for cure. There is urgent need to identify biomarker(s) that will help in early 

detection of recurrent or persistent disease before it is clinically or radiologically evident, thereby 

enabling the treating oncologist to institute an effective treatment plan to improve survival of 

their individual patients. The CD3ζ chain is a 16-KDa molecule that constitutes part of the TCR 

complex essential for recognition (activation) of the antigenic peptide that is presented by the 

MHC on antigen presenting cells (e.g. DC) or tumor cells [238,239]. Down-regulation of the 

expression of the CD3ζ molecules has been associated with the negative regulation of T cell 

receptor signaling [55,240-242]. Earlier publications from our group as well as others have 

reported reduced levels of CD3ζ chain in both tumor infiltrating lymphocytes and peripheral 

blood lymphocytes in small cross-sectional studies [55,56]. However, to date its relevance as a 

prognostic biomarker of HNSCC has not been formally addressed in a longitudinal study.   

The first objective of this prospective double blinded study was to compare the level of 

baseline pre-treatment CD3ζ chain expression of HNSCC patients with that of healthy controls 
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and its relation to the known prognostic factors. The second objective was to determine whether 

the change in level of CD3ζ chain expression on longitudinal follow-ups can predict the 

oncological outcomes for patients with HNSCC. 

5.2 Results 

5.2.1 Patients Cohorts 

Our study cohort of 47 patients included 36 (76.6 %) males and 11(23.4 %) females with 

a mean age of 61.9+11 years. The clinical characteristics and the treatment details of the study 

cohort are summarized in Table VII. P16 expression was used as surrogate marker for HPV 

positivity in oropharyngeal cancers and all of them were p16 positive. All patients with any 

evidence of distant metastasis at the time of initial presentation were excluded from the study. 

Post hoc power calculation showed that our study had a power of 0.99 for alpha of 0.05 while 

comparing the levels of baseline CD3ζ between the study (N=47) and control groups (N=53). 
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Table VIII: Clinical characteristics and the treatment details of the study cohort (N=47) 

 

Clinical Characteristic Number of Patients (%) 

Tobacco  use 

None 

Current user 

Ex user (>10 years back) 

 

 

9 (19.14) 

20 (42.55) 

18 (38.29) 

 

Alcohol  status 

None 

Current user 

Social 

EX user(>10 years back) 

 

 

9 (19.15) 

16 (34.0) 

20 (4255) 

2 (4.26) 

 

Primary Tumor (T stage) 

T0 

T1 

T2 

T3 

T4 

 

 3 (6.38 ) 

12 (25.53) 

15 (31.91) 

 10 (21.27) 

 7  (14.89) 

Primary Tumor (N stage) 

N0 

N1 

N2 

 

23(48.93) 

4 (8.51) 

20 (42.55) 
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Tumor site 

Larynx/hypopharynx 

Nasopharynx 

Oral cavity 

Oropharynx 

 

 

8 (17.02) 

2 (4.25) 

26 (55.31) 

11 (23.40) 

Initial treatment 

Surgery + Adjuvant RT/CT+RT 

CT+RT/RT 

 

 

30 (63.82) 

17 (36.17) 

 

5.2.2  Baseline CD3ζ- chain expression in the T cells of the HNSCC cohort: 

I did not observe any statistical differences in the percentages of the CD3 ε+ T cell subset 

present in the PBMC of the HNSCC patients and the healthy controls but the relative mean MFI 

of the CD3 ζ expression in the T cells of the HNSCC patients was significantly lower than that of 

T cells of the healthy controls (Figure 5.0).  

 

Figure 5.0: CD3ζ-chain expressions in the T cells of HNSCC patients were significantly lower than the 

healthy controls in a cross-sectional analysis.  A, CD3ζ-chain expression in relative mean fluorescence intensity 

(MFI). B, % of T cells in PMBC from HNSCC patients and healthy controls. *** indicates p value of <0.001. 
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To examine the functional activities of these T cells in vitro, I examined IFN-γ responses 

of the PBMC stimulated by either Staphylococcus SEB super antigen or physiological CEF 

peptides in an Ag-recall assay in vitro.  I observed that the percentage of T cells that responded 

to SEB stimulations were similar in both of the HNSCC patients and healthy controls as there 

was also no difference in their IFN-γ responses (MFI of the IFN-γ production determined by 

intracellular staining in flow cytometry) when their T cells were stimulated by a potent SEB 

super-antigen (Figure 5.1 B, D).  However, T cells from the HNSCC patients produced a 

significantly weaker IFN-γ response in comparison to the healthy controls, when they were 

stimulated by the recall viral CEF peptide Ag (Figure 5.1 A, C).  
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Figure 5.1: IFN-γ responses of the PBMC from HNSCC patients were impaired in a physiological CEF 

peptides Ag-recall assay in vitro.  PBMC from HNSCC patients and healthy controls were stimulated with CEF 

viral peptides (A, C) or super-antigen SEB (B, D).  IFN-γ responses were determined by flow cytometry. MFI (A, 

B) and % (C, D) of T cells producing IFN-γ were analyzed in the CD3Ɛ
+
IFNγ

+
 gated cells. No IFN-γ response was 

detected in unstimulated PMBC.  In the figure, *** indicates a p value of 0.0001, and * indicates a p value of 0.030 

(N=11). 

 

 

I found the baseline CD3ζ-chain expression to be independent of age of the patient at 

diagnosis (p=0.219; NS), gender (p=0.379; NS), T stage (p= 0.162; NS) and N (p=0.164; NS) of 

head and neck cancer, tobacco (p= 0.312; NS) and alcohol use (p=0.274; NS). However, site of 

tumor had a significant influence on the CD3ζ-chain level (p=0.003) with larynx and 

hypopharynx showing maximum suppression (mean MFI = 0.62+0.18) and oropharynx (mean 

MFI= 0.94 + 0.22) showing maximum CD3ζ-chain expression.  
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5.2.3 Change in CD3 ζ chain expression in baseline and last follow ups 

In our longitudinal analysis, laboratory data was obtained without knowing the clinical 

status of the patients and that correlation was done at the end of the study.  Before co-relation, 

first we analyzed the status of CD3 ζ at baseline and last follow ups in this longitudinal study. 

We observed that CD3 ζ improved significantly in last follow ups as compared to baseline.  

  

Figure 5.2: Status of the CD3ζ expression in the post-treatment follow-up and baseline (before treatment) 

without knowing the disease status (N=47). Statistical analysis was done using pair t test. In figure *** indicates P 

value of <0.0001.  

 

5.2.4 Change in CD3 ζ chain expression in baseline and last follow ups with regard to 

gender 

Using the current cohort, we determined whether gender affected CD3 ζ-chain expression 

in the HNSCC patients. We compared the CD3ζ-chain expressions in male and female patients in 

the follow-ups to their baselines (before treatment).  We observed that CD3ζ-chain expression 
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was significantly increased in the last follow-ups (post treatment) compared to their baseline 

(before treatment). This change was observed in both male and female patients before disease 

status was known.  

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Association of changes of CD3ζ expression with Gender in the comparison of baseline (before 

treatments) and last follow-ups (after treatments) in the participating HNSCC patients:  of 47, 36 were male 

(A) and 11 were female (B). CD3ζ chain expression was improved significantly in both males and females during 

follow-ups (after treatment) compare to baseline (before treatment). Statistical analysis was done using pair t test. In 

figure *** indicates P value of <0.0001 and ** indicates P value of <0.001. 

 

 

 

5.2.5 Change in CD3 ζ chain expression in baseline and last follow ups with regard to 

treatment modalities 

Of the 47 patients followed in the cohort, Surgery in combination with adjuvant therapy 

(RT/CT+RT) was given to 30 patients whereas 17 patients were treated with chemotherapy with 

RT/RT. We observed that CD3ζ-chain expression was significantly increased in the last follow-

(B) 

(A) 
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ups (post treatment) compared to their baseline (before treatment). This change not affected by 

treatment modalities. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4: Status of the CD3ζ expression in the post-treatment follow-up and baseline in regard to treatment 

modalities. CD3ζ chain expression was improved significantly in patients treated with surgery with adjuvant 

therapy (A) and chemotherapy with RT/RT (B). Statistical analysis was done using pair test. In figure *** indicates 

P value of < 0.0001 and * indicates P value of <0.01. 

 

5.2.6 Correlation of CD3ζ-chain level with survival: 

In our study, 47 patients were followed up for minimum of 36 month (range=36-72 months) with 

median follow-up of 45 months. Levels of CD3ζ-chain expression were measured at 117 follow-

up visits at six-month intervals. ROC  curve was plotted for correlating the percent change in 

CD3ζ expression from the baseline visit with any evidence of persistent or recurrent disease  and 

the AUC  was  0.81 (95% CI=0.68-0.94) indicating  a very good accuracy (Figure 5.5) . 

  (A)  (B) 
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Figure 5.5: Receiver operating characteristics curve for sensitivity and specificity of the assay. 
 

 

 The optimal cut off point for change in the level of CD3ζ expression for confirming absence of 

cancer was identified as a 12% increase in CD3ζ-chain expression at 6-month follow-up visit 

from the baseline level by Youden index. The specificity and sensitivity for this cut off were 

87.50% (95% CI=60.41-97.40%). and 79.21% (95% CI=69.76- 86.39%) respectively with a 

positive predictive values of 97.56% (95% CI=90.65-99.57%) and a negative predictive value of 

40% (95% CI=24.35-57.79%). 

During the follow-up, 10 (21.3%) patients developed recurrence. By Kaplan-Meier survival 

analysis, 3- and 5-year  DFS were significantly lower (p=0.016) at 63.2% for patients whose 

CD3ζ-chain level showed <12% increase from base line on the first follow-up visit and 92.7% 
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and 87.3% respectively for patients who had >12% increase in CD3ζ-chain level  from base line 

(Figure 5.5).   

 

Figure 5.6:  Disease-specific (a) and disease-free (b) survival of 47 HNSCC patients, estimated by Kaplan-

Meier method, with post treatment increase in CD3ζ- chain level of <12 % and >12 % from the baseline 
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In  20% (2/10) recurrent HNSCC a <12% increase level of  CD3ζ-chain expression from base 

line was noted at least 6 months prior to any clinical or radiological evidence of recurrent 

disease. At the last follow-up 9 (19.1%) patients had died of disease, 1 (2.0%) died of other 

causes, and the rest 37 (78.7%) were alive and disease free. Three-year and 5-year DSS rates 

were significantly lower (p=0.007) at 63.2% each for patients whose CD3ζ-chain level showed 

<12% increase from the base line on the first follow-up visit and 96.2% and 89.3% respectively 

for patients who had >12% increase. Tobacco (p=0.312, NS) and alcohol (p=0.274, NS) use did 

not have any statistical association with the likelihood of dying from HNSCC (data not shown in 

table VIII). 

 

Multivariable analysis by Cox proportion hazard model showed the DSS to be independent of 

gender (p= 0.185; NS), tumor site (p=0.449; NS), T stage (p=0.976; NS), and treatment modality 

(p=0.489; NS) however it was independently influenced by the age at diagnosis (p=0.011) , N 

stage (p=0.045) and a lack of increase in post treatment CD3ζ expression by over 12% (p=0.006) 

(Table VIII ). DFS also was independently determined by age at diagnosis (p=0.002), N stage 

(p=0.016) and a lack of increase in post treatment CD3ζ expression by over 12% (p=0.006) 

(Table VIII).  In absence of increase in post treatment CD3ζ expression by over 12%, there was 

9.6 times higher risk of  presence of recurrent or residual cancer and 11.4 time higher risk of 

death from HNSCC. 
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Table IX: Multivariable analysis for independent influence of prognostic factors on disease specific survival of 

study cohort by Cox proportional hazard model (N=47). 

 

Prognostic Factor DSS Hazard Ratio (95% CI) DFS Hazard Ratio (95% CI) 

% change in CD3ζ expression from 

baseline (< 12% vs >12%) 

11.40 (1.98-65.55), p=0.006 9.62 (1.91-48.55), p=0.006 

Age at the time of diagnosis (per year) 1.12 (1.03-1.22), p=0.011 1.15 (1.05-1.25), p=0.002 

Lymph node involvement (N+ vs N0) 5.18 (1.04-28.85), p=0.045 7.20 (1.44-36.06), p=0.016 

Gender (Male versus Female) p= 0.185  (Not significant) p= 0.562 (Not significant) 

Primary Tumor (T3/4 vs T0-2) p= 0.976 (Not significant) p= 0.740 (Not significant) 

Initial treatment p= 0.489 (Not significant) p= 0.575 (Not significant) 

Tumor site p= 0.449 (Not significant) p= 0.346 (Not significant) 
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CHAPTER 6.0 IL-15 ACTIVATED NK CELLS OVERCAME DC 

MATURATION DEFECTS INDUCED BY HEAD AND NECK 

CANCER 

    6.1. Specific introduction and rationale 

Conventional therapies kill tumor cells without involving immune system. Those therapies exert 

side effects and may not be specific in  inducing the antitumor immunity [243]. Developing 

immune based therapy against cancer has attracted a considerable attention due to specificity in 

target recognition, few side effects to normal cells  and memory induction that may prevent 

cancer recurrences [244]. However, a number of immune evasion mechanisms were shown 

where antitumor immune responses are compromised in HNSCC [147,245,246]. As a result, not 

only tumor growth becomes unchecked but dys-regulated immune system may even provide 

support for cancer progression.  

Natural killer cells (NK) represent major effector cells of an innate immunity [112]. As the name 

implies, these cells have a “natural” ability to recognize and eliminate “abnormal” virus-infected 

cells or transformed cells without prior sensitization[113]. Upon target recognition, NK cells 

form lytic synapse at the point of contact where perforin from NK cells creates pores to support 

transfer of cytotoxic molecules such as granzymes into the target cells to induce apoptosis. 

Afterwards, NK cells detach from the dying cells and search for new target cells for killing 

[113,122]. Soluble factors such as interferon gamma (IFN-γ), interleukin (IL)-12, -15, -18 and -2 

are capable to promote the NK-cell cytotoxic and cytokine-producing functions [129,130]. In 

addition, NK cells interact with dendritic cells (DC), a critical cell type that regulates innate and 
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adaptive immune responses [247]. Depending on their maturation and activation states, DC 

acquire specific ability to induce immunological tolerance or to stimulate functionally distinct T 

cell subsets (such as Th1, Th2 and Th17) effectively[146]. The interaction of NK and DC 

(crosstalk) is bi-directional and that is mediated either through direct cell-cell contacts and/or 

through multiple soluble factors [248,170]. Regulation of DC maturation/functions by NK cells 

is therefore important in coordinating innate and adaptive immune responses that orchestrate 

anti-tumor and antimicrobial responses in vivo [170,171].  

The high number of intratumoral NK cells is often correlated with prolong survival in cancer 

patients [249,250]. Impaired NK tumoricidal activity and reduced number of NK has been 

reported in patients with head and neck cancer [143,148]. In recent decades, the influence of 

tumor microenvironment on the immunostimulatory capacity of DCs has been documented in 

different types of cancer [251,252] . The presence of tumor influences the immunostimulatory 

effect of DCs which in turn have impact on the tumor-specific   T cell immune responses.  

Altogether, the functional defects in DCs set the stage for tumor progression.  

Several strategies are being employed to harness the efficacy of NK cells against solid tumor as 

well as in leukemia [117]. However, there is limited knowledge on the impact of exogenously 

activated NK cells in killing tumor cells as well as regulating DC crosstalk in the context of 

HNSCC. Therefore, in this study, I hypothesized that NK cell-based immunotherapy can induce 

effective anti-tumor immunity through its direct cytotoxicity and/or modulation of DC functions.  
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6.2 Results  

6.2.1 AT-84 tumor is a clinically relevant mouse model of human HNSCC:  

I have established the AT-84 animal model of HNSCC (10
7 

AT-84 squamous cancer cells 

s.c. right flank of C3H/J mice) (Figure 6.0 A &B).  Earlier it was shown that a single intra-

tumoral injection of the Vpr-expressing lentiviral gene therapy vectors reduced the primary 

tumor volume significantly.  HIV-1 Vpr is an accessory viral protein required for importing the 

HIV-1 viral protein integrating complex into nucleus of non-dividing cells. The vpr protein by 

itself induces cell cycle arrest and apoptosis in a variety of mammalian cells [220]. 

 

 

 

 

 

 

 

 

 

Figure 6.0: Anticancer effect of HIV-1 Vpr : On day 7,  when tumor size reaches to ~200mm
3

 , 100ul  of  Vpr and 

GFP (control) vector suspension was injected using lentiviral vector and tumor progression was measured up to 19 

days. Figure A shows the tumor regression by HIV-1 Vpr compared to GFP control.  Graph  shows the pooled data 

from 3 independent experiments with n= 2 mice each. Statistical analysis was done using two-way anova . P<0.05 is 

taken statistically significant.  Figure B shows the representative figure of H and E staining of tumor section derived 

from the GFP control mice (tumor bearing) and the Vpr treated mice. Vpr treated mice showed the extensive tumor 

degradation when compared to the GFP control mice. Tissues were fixed in 10% formalin solution before H & E 

staining.   

 

 

I used this model to measure the CD3ζ expression in Vpr treated and control mice. In this 

study, I observed that tumor regressing mice have improved CD3ζ-chain expression in T cells 
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(figure 6.1 A, B and C). Similar results were observed in our clinical study. This mouse model of 

HNSCC was used to test the NK based immunotherapy in HNSCC. 

 

 

  

 

 

 

 

 

 

Figure 6.1:  CD3ζ-chain expression correlated with tumor progression in the AT-84 mouse model: (A) 

Representative flow cytometric analysis of CD3 ζ expression in splenic T cells and (B) Graphical representation of 

CD3ζ-chain experiment. Similar results were observed when analysis was done in whole blood (C). Graph shows 

the pooled data from 3 independent experiments with n= 2 mice each. . P<0.05 is taken statistically significant. 

Before surface and intracellular staining, Single cells suspension from spleen and whole blood were prepared. Thus 

prepared single cell splenocytes were further purified to using Ficoll-plaque density gradient. For blood, 1 ml of 

whole blood was collected by cardiac puncture and RBCs were lysed using ACK buffer for 5 min. 5 mL complete 

RPMI medium was added followed by centrifuge. Pellet was collected to prepare single cells suspension. Surface 

staining using anti-mouse CD3 and intracellular staining using anti-mouse CD3 ζ (G3, Abcam, USA) was done as 

similarly described above in clinical studies. A total of 10,000 events were acquired and the expression levels of 

CD3 ζ in T cells (gated on CD3ε+) were analyzed using flowJo software.  
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6.2.2 Intratumoral administration of IL-15 activated NK supress AT-84 tumor growth:  

I next aimed to study whether direct intra-tumoral administration of In vitro expanded NK cells 

can promote anti-tumor immunity in HNSCC upon adoptive transfer. In this model, I injected 

1*10
6
 syngeneic NK cells in growing AT-84 tumor, (~200mm

3
) in subcutaneous region.

 
Before 

transfer, NK cells were activated with IL-15 (50ng/ml) and expanded for day 4, washed and final 

suspension were made in complete RPMI medium supplemented with low dose of IL-2 

(100μ/ml). Complete RPMI medium supplemented with low dose of IL-2 alone and PBS were 

used as control.  As shown in (Figure 6.2), IL-15 activated NK cells when injected directly into 

the centre of tumor mass significantly reduced the tumor growth. No effect was observed when 

mice were treated with either complete RPMI medium supplemented with low dose of IL-2 

(100μ/ml) alone or PBS. These data indicate that exogenously activated NK cells using high dose 

of IL-15 has profound anti-tumor therapeutic effects. 

 

 

 

 

 

Figure 6.2: Direct injection of IL-15 activated NK cells at the tumor site suppressed AT-84 tumor growth: 
AT-84 cells were (10 million cells) were injected s.c. in the right flank of C3H mice. Tumor volume was measured 

at different time points, when tumor volume reaches to ~200mm
3
 ,  1*10

6 
 IL-15 activated  NK cells In vitro for 4 

days was directly injected  into tumor sites . Final suspension was prepared in RPMI medium containing IL-2 (100 

units/mL) medium. PBS and only RPMI medium containing IL-2 (100 units/ml) was used as a control. Graph shows 

the pooled data from 3 independent experiments with n=5 mice each. Statistical analysis was done using two way 

anova in graph Pad prism 5. P value < 0.05 was taken statistically significant. This is a representative experiment out 

of   n=3.  In the figure *** indicates P value < 0.0001 

D
ay

4

D
ay

7

D
ay

10

D
ay

13

D
ay

16

0

500

1000

1500
PBS

IL-2  medium

IL-15 NK in IL-2 medium

*** *** ***

NK injected

T
u

m
o

r 
v
o

lu
m

e
 (

m
m

3
)



98 
 

6.2.3. Secondary challenge of AT-84 cancer cells in previously NK treated mice prevented 

the additional tumor formation 

Next, I examined whether the mice of which the primary tumor regressed when IL-15 activated 

NK in complete RPMI medium supplemented with low dose of IL-2 medium was injected could 

induce protective immunity against the secondary challenge of AT-84 cells. I challenged mice 

with AT-84 cells to the right flank after 2 weeks from Day 16. As a control I used the mice that 

still have primary tumors into its left flank. I observed that the tumor mice previously treated 

with IL-15 NK cells did not develop tumors compared to control mice (Table IX).  

 

Table X: NK-treated animals that had regressed the primary tumors were protected from a secondary challenge of 

AT-84 cells in right flank.  

 

 

 

6.2.4 AT-84 tumor cell is relatively resistant to IL-15 activated NK cells killing.  

I demonstrated the ability of in vitro activated and expanded IL-15 NK cells in mediating anti-

tumor immunity in established AT-84 tumor. Therefore, I sought to investigate whether IL-15 

activated and expanded NK cells for day 4 can efficiently lyse to AT-84 tumor cells. The 

cytolytic activity of IL-15 activated and expanded NK cells was tested against AT-84 target and 

Treatment Number of mice Secondary tumor formation 

IL-15 activated NK cells 5 0 

Control 5 5 
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compared with NK-sensitive (YAC-1) and NK resistant (P815) tumor cells in a 4-h chromium 

release assay at 3 different ratio high (10:1), medium (3:1)  and low ratio (1:1) as shown in 

(Figure 6.3). As shown in figure 6.3, C3H purified splenic NK cells activated and expanded for 

day 4 with high dose of IL-15 (50ng/ml) is relatively resistant in killing AT-84 as compared to 

NK-sensitive YAC1 tumor cells. The graph of AT-84 is inclined towards NK-resistant P815 

tumor cells. These data indicate that IL-15 activated and expanded NK cells are relatively 

resistant in killing AT-84 targets. 

 

 

 

 

 

 

Figure 6.3: AT-84 cells were relatively resistant in the direct killing by IL-15 activated NK cells. Cytotoxicity 

was performed in a standard 4-hour 51Cr-release assay against YAC-1, P815, and AT-84 tumor cells. Unlabelled 

IL-15 pre-activated NK cells were mixed with chromium labelled YAC-1, P815, and AT-84 tumor cells at 10:1, 3:1 

and 1:1 ratio. After 4 hours supernatant was counted gamma counter. Each killing condition was done in triplicates 

in 96-well V-bottomed plates (Nunc, Roskilde, Denmark) and repeated two times.  
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6.2.5 Immunosuppressive effects of soluble factors secreted by head and neck AT-84 cancer 

cells on maturation, cytokine production and stimulatory capacity of bone marrow-derived 

dendritic cells (BMDC) in vitro  

Previous data suggested that direct killing and removal of all AT-84 tumors cells may not be the 

major underlying mechanism. Next I tested the ability of NK cells in modulating DC function. 

To test that hypothesis, first I tested whether soluble factors produced by head and neck AT-84 

cancer cells affects DCs phenotypical and functional response; immature DCs are generated from 

bone marrow of C57/BL6  and BALB/c naïve animals and were exposed to AT-84 condition 

medium (CM) overnight. LPS was used to mature these DC preparations (control and AT-84 

exposed) further. They are collected and analyzed for surface expression of maturation markers 

(CD40, CD80, CD86). Data showed that conditioned medium of AT-84 cells impaired DC 

maturation in vitro. DC maturation marker CD40 expression was down regulated when BMDC 

were exposed in AT-84 conditioned medium (Figure 6.4 A, B, C). To rule out the possibility 

that this effect was only restricted to B6 mice, I tested in another mice strain BALB/c. I observed 

similar effect (Figure 6.4 D). 
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Figure 6.4 Suppressive effect of AT-84 derived soluble factors on DC maturation: Tumor derived factors 

impaired dendritic cell (BMDC) maturation: CD40 (maturation marker of dendritic cells) expression was down 

regulated when BMDC were exposed in AT-84 conditioned medium (CM). Conditioned medium (CM) was 

obtained by seeding 8×10
6
/175 cm

2
 and cultivated until it reaches 90% confluence. Thus obtained condition medium 

was centrifuged, aliquoted and stored at -80 until use. BMDCs were cultured in GMCSF supplemented complete 

RPMI medium.  On 7th day, Supernatant was removed and BMDCs were further culture in AT-84 CM for 24hours. 

Immature BMDC (IDC) and BMDC matured with LPS (MDC) were set up as negative and positive control 

respectively. CD11c+CD40+ were gated and the expression of CD40 was analysed and expressed in terms of mean 

fluorescence intensity. (A): shows the representative figure of CD40 expression analyzed in flow jo software in B6 

mice background of iDC and CM exposed DC.  (B) Shows the representative figure of CD40 expression of iDC, 

CM exposed DC, CM exposed but matured with LPS, and iDC matured with LPS (MDC).   (C) Shows the repeated 

experiment (n=3 with 2 mice each) shown in terms of MFI expression in B6 mice background.  (D) Shows the 

repeated experiment (n=3 with 2 mice each) shown in terms of MFI expression in Balb/c mice background. 

Statistical analysis was done using one way anova by graph Pad prism 5. In the figure *** indicates p value < 

0.0001. IDC; immature DC, CMDC; AT-84 condition medium exposed DC, MDC; Immature DC matured with 

LPS.  
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No such effect was observed in other maturation marker CD80 and CD86 when conditioned 

medium exposed DC matured with LPS (Supplementary Figure 1 A i , ii). Supernatant was 

harvested from DCs exposed in AT-84 conditioned medium (CM) and controls DCs (immature 

DC and LPS matured DC in complete RPMI medium) to analyze IL-12 production. I observed 

that IL-12 production was significantly reduced in AT-84 conditioned medium exposed DCs 

when compared to LPS matured DC (Figure 6.5 A). Similar effect was observed when BMDCs 

from BalB/c were exposed to AT-84 Sup (Figure 6.5 B).  

 

 

 

 

 

 

 

Figure 6.5: Suppressive effect of AT-84 derived soluble factors on IL-12 production: Cell-free supernatants 

obtained from Control BMDC (iDC, MDC) or AT-84 exposed BMDC (0.5 *10
6
/ml) stimulated with or without LPS 

were collected and analyzed by ELISA. (A) Shows the repeated experiment (n=3 with 2 mice each) measured in 

terms of ng/ml analyzed in B6 mice, (B) shows the repeated experiment (n=3 with 2 mice each) measured in terms 

of ng/ml analyzed in Balb/c mice. Statistical analysis was done using one way anova by graph Pad prism 5. P value 

< 0.05 was taken statistically significant. In the figure and **indicates P value < 0.001 and *** indicates P value < 

0.0001.  
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To examine the T cell stimulatory capacity of AT-84 exposed DCs, control and AT-84 

exposed DCs prepared as described above were pulsed with ova peptide and used as stimulators 

of responder CFSE-labeled OVA-specific T cells from OT-1 CD8+ OVA TCR transgenic T cells 

in vitro. Proliferation of T cells was determined by the CFSE dilution in FACS. As shown in 

Figure (6.6 A, B, C), T cell proliferation was supressed when they were co-cultured with AT-

exposed DCs at DC/T ratio of 1:10. Similar effect was observed when I used OVA-specific T  

Cells from OT-II CD4+ OVA TCR transgenic T cells with BMDC from BalB/c background 

were used for stimulation (Figure 6.6 D).  
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Figure 6.6: Suppressive effect of AT-84 derived soluble factors on DC function to stimulate T cell 

proliferation. T cell proliferation is impaired when T cells are stimulated with BMDC exposed in AT-84 condition 

medium (CM). T cells were purified from OT1 mice and stimulated with BMDCs from B6 mice (DC) in 1:10 ratio. 

The CFSE labelled CD3+ T cells were gated and % of T cell Proliferation was measured using flow cytometry. 

Immature DC, LPS matured DC (MDC) were used as a control. (A), shows the representative figure of CD3+ T cell 

proliferation stimulated by immature DC (IDC) and AT-84 conditioned medium  exposed DC (CMDC) analyzed in 

flow jo software. (B), shows the representative figure of CD3+ T cell proliferation stimulated by immature DC 

(IDC), AT-84 conditioned medium (CM) exposed DC, AT-84 conditioned medium exposed DC but matured with 

LPS and immature DC matured with LPS. (C): shows the repeated experiment (n=3 with 2 mice each) shown in 

terms of % of T cell proliferation in B6 background. Similar effect was observed when experiment was repeated in 

another mice background Balb/c. For this, T cells were purified from DO11 mice and stimulation was carried out 

with bone marrow derived dendritic cells from BalBc mice (DC). (D) Shows the repeated experiment (n=3 with n=2 

mice each) shown in terms of % of T cell proliferation in Balb/c: D011 co-culture. Statistical analysis was done 

using one way anova by graph Pad prism 5. P value < 0.05 was taken statistically. In the figure *** indicates P value 

< 0.0001. 
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To further verify the immunosuppressive effects of AT-84 exposed DC, conditioned medium 

from the above DC-T cell co-culture was harvested for the analyses of IFN-γ. As shown in 

Figure 6.7 (A), AT-84 exposed DCs but matured with LPS supressed IFN- γ production from 

D:T co-culture cells when compared to LPS matured DC . Similar effect was observed for OVA-

specific T cells from OT-II CD4+ OVA TCR transgenic T cells Figure 6.7 (B). These data 

indicate that HNSCC tumor derived factors can switches the DC function from 

immunostimulatory to immunosuppressive.  

 

 

 

 

 

 

 

 

Figure 6.7: Suppressive effect of AT-84 derived soluble factors on DC to induce T cell response: T cells were 

purified from OT1 and DO11 mice and stimulated with bone marrow derived dendritic cells (BMDC) from B6 and 

BalB/c mice respectively in 1:10 ratio. Cell-free supernatant were collected after 72 hours and analyzed by ELISA. 

(A)  Shows the repeated experiment (n=3 with 2 mice each) shown in terms of ng/ml when DC from B6 mice and T 

cells from OT1 mice were used for co-culture.  (B) Shows the repeated experiment (n=3 with 2 mice each) shown in 

terms of ng/ml when DC from BalB/c mice and T cells from Do11 mice were used for co-culture. Any detection of 

IFN- γ was subtracted during analysis from supernatant of single cell culture (DC alone, T cell alone).  
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6.2.6 Immunosuppressive effects of soluble factors secreted by head and neck AT-84 cancer 

cells is rescued by IL-15 activated and expanded NK cells in vitro:  

I observed that condition medium of the AT-84 cells impaired LPS- induced DC maturation, IL-

12 production and T cell stimulatory capacity and IFN- γ production In vitro. I next determined 

whether IL-15 activated NK overcomes DCs defect In vitro. NK cells isolated from spleen of 

naïve C57/BL6 mice were culture in complete RPMI culture medium supplemented with IL-15 

for day 4. Thus prepared IL-15 pre-activated and expanded NK cells were cultured with an equal 

number of control and AT-84 CM-exposed DC for 24 hours. The expression of DCs maturation 

marker (CD40, CD80 and CD86) was analyzed in FACS. As shown in (Figure 6.8 A, B) IL-15 

activated NK cells overcame the maturation defect observed in AT-84 CM-exposed DC in terms 

of CD40 expression in B6 mice background.  However, CD80 and CD86 expression was 

downregulated upon co-culture with NK (Supplementary Figure 2 A (i – iv)). I observed 

similar effect in other mice of Balb/c background (Figure 6.8 C).  
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Figure 6.8 IL-15 activated NK cells improved the suppressive effect of AT-84 derived soluble factors on DC 

maturation: IL-15 activated NK corrects maturation capacity of BMDCs previously exposed in AT-84 Conditioned 

medium in vitro: AT-84 exposed DC with or without LPS stimulation was harvested, washed with PBS and co-

culture with an allogenic Il-15 activated NK cells (1:1 ratio) in a total volume of 200 µl supplemented with for 24 

hour. CD40 (maturation marker of dendritic cells) expression was enhanced when co-cultured with NK. However, 

CD80 and CD86 expression was decreased. CD11c+CD40+, CD11c+CD80, CD11c+86 cells were gated and the 

expression of CD40, CD86 and CD80 was analysed and expressed in terms of mean fluorescence intensity.  (A): 

shows the representative figure of CD40 expression in B6 mice analyzed in flow jo software.  (B) shows the 

repeated experiment (n=3 with 2 mice each) shown in terms of CD40 MFI expression of BMDCs derived from B6 

mice  and (C) shows the repeated experiment (n= 3 with 2 mice each) shown in terms of MFI expression when 

Balb/c mice was used. Statistical analysis was done using one way anova by graph Pad prism 5.P value < 0.05 was 

taken statistically significant. In the figure *** indicates P value < 0.0001 and ** indicates P value < 0.001. 
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In addition to maturation phenotype, IL-12 cytokine production was measured from the 

supernatant harvested from above NK: DC co-culture.  As shown in (Figure 6.9 A), NK 

stimulated AT-84 CM exposed DC secrete more IL-12 production compared to AT-84 CM 

exposed DC. Similar effect was observed when I repeated above experiment in another mice 

strain Balb/c with syngeneic BalB/c NK: DC co-culture (Figure 6.9 B).  

 

 

 

 

 

 

 

 

Figure 6.9: IL-15 activated NK cells improved the suppressive effect of AT-84 derived soluble factors on IL-

12 production: AT-84 exposed DC with or without LPS stimulation was harvested, washed with PBS and co-

culture with an allogenic Il-15 pre-activated NK cells (1:1 ratio) in a total volume of 200 µl supplemented with for 

24 hour. Cell-free supernatant were collected after 24 hours and analyzed by ELISA. (A) Shows the repeated 

experiment (n= 3 with 2 mice each) shown in terms of ng/ml when DC and NK from B6 mice were used for co-

culture. (B) Shows the repeated experiment (n=3 with 2 mice each) shown in terms of ng/ml when DC and NK were 

used from BalB/c for co-culture. Any detection of IL-12 was subtracted during analysis from supernatant of NK 

alone single cell culture. P value < 0.05 was taken statistically significant. In the figure *** indicates P value < 

0.0001.  
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To verify further functional properties of these NK-stimulated DC in inducing Ag-specific T-cell 

responses, DC obtained from above NK:DC co-culture was harvested and washed with PBS and 

then pulsed with Ova peptide and was used to stimulate OVA-specific T cells from OT-1 CD8+ 

OVA TCR transgenic T cells as explained above. As shown in (Figure 6.10 A, B), T cell 

proliferation was significantly higher when NK stimulated AT-84 exposed DC was used 

compared to AT-84 CM exposed DC. Similar results was obtained when  IL-15 activated and 

expanded NK stimulated DC from BalbC background was used in stimulating OVA-specific T 

cells from OT-II CD4+ OVA TCR transgenic T cells (Figure 6.10 C).  
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Figure 6.10: IL-15 activated NK cells improved the suppressive effect of AT-84 derived soluble factors on DC 

function to stimulate T cell proliferation. AT-84 exposed DC cultured with or without NK was harvested.  Prior to 

DC harvest, Non-adherent NK cells were removed from DC: NK co-culture.  DCs were washed with PBS and 

further co-culture with T cells (1:10 ratio) in a total volume of 200µl. T cells were purified from OT1 mice and 

labelled with CFSE dye. After 72 hours, T cells were harvested from co-culture and CD3+ T cells were gated and % 

of T cell Proliferation was measured using flow cytometry. (A): shows the representative figure of CD3+ T cell 

proliferation analyzed in flow jo software. (B): shows the repeated experiment (n=3 with 2 mice each) shown in 

terms of % of T cell proliferation. Similar effect was observed when experiment was repeated in another mice 

background Balb/c. For this, T cells were purified from DO11 mice and stimulated with bone marrow derived 

dendritic cells from BalB/c mice (DC). (C) Shows the repeated experiment (n=3 with 2 mice each) shown in terms 

of % of T cell proliferation. Statistical analysis was done using one way anova by graph Pad prism 5. P value < 0.05 

was taken statistically. In the figure *** indicates P value < 0.0001. 
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Further, IFN- γ was measured from the supernatant harvested from DC:T cell co-culture system 

using ELISA from above culture. It was observed that IFN- γ production was significantly higher 

in supernatant obtained from NK-stimulated AT-84 exposed DC:T cell culture compared to 

unstimulated AT-84 exposed DC:T cell culture in both C57/BL6 DC:T cell and BalB/c DC:T co-

culture system (Figure 6.11 A, B)  respectively.  To determine that IFN-γ was secreted by T 

cells, IFN- γ was detected from the supernatant obtained from single cell culture NK, DC and 

subtracted in our analysis. These data indicate that immunosuppressed DCs can be shifted to 

immunostimulatory by interacting with IL-15 activated and expanded NK cells. 

 

 

 

 

 

 

 

 

Figure 6.11: IL-15 activated NK cells improved the suppressive effect of AT-84 derived soluble factors on DC 

function to induce T cell response.  AT-84 exposed DC cultured with or without NK was harvested.  Prior to DC 

harvest, Non-adherent NK cells were removed from DC: NK co-culture and DCs were washed with PBS and further 

co-culture with T cells (1:10 ratio) in a total volume of 200ul Cell-free supernatant were collected after 72 hours and 

analyzed by ELISA. Any detection of IFN- γ was subtracted during analysis from supernatant of single cell culture 

of DC alone, T cell alone. (A) And (B) shows the repeated experiment (n=3 with 2 mice each) shown in terms of 

ng/ml when DC and NK were used from B6 and BalB/c for NK: DC co-culture and T cells from OT1 and DO11 for 

DC:T cell co-culture respectively. Statistical analysis was done using one way anova by graph Pad prism 5. P value 

< 0.05 was taken statistically. In the figure *** indicates P value < 0.0001. 
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6.2.7 Adoptive transfer of activated NK cells directly to tumor sites enhanced tumor 

infiltrating DCs phenotype/functions:  

Previously, In vitro data showed that NK cells have the ability to restore the AT-84 CM exposed 

DC functions. Next, I determine whether the adoptive transfer of IL-15 activated NK modulates 

tumor-associated DC phenotype/functions in vivo. Tumor infiltrating DCs from AT-84 tumors 

(controls or NK treatment) for phenotypic and functional analysis were isolated and purified. 

These isolated DCs were analyzed for surface expression of maturation markers (CD40, CD80 

and CD86) using FACS. Like our in vitro results, I observed significant upregulation of CD40 

molecules in NK treated (injected directly intratumorally along with low dose of IL-2) mice 

compared to control (IL-2 alone and PBS) (Figure 6.12) but CD80 and CD86 remain unchanged 

(Supplementary Figure 3 A (i – iv)).  
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Figure 6.12: Tumor infiltrating DCs from the NK-treated animals displayed a more mature phenotype in 

terms of CD40 expression: CD40 (maturation marker of dendritic cells) expression was enhanced whereas CD80 

and CD86 remain unchanged compared to control groups. Tumor infiltrating DCs were removed on day 13 and 

purified using CD11c+DC isolation kit (stem cell, Canada). Before isolation, Single cell suspension was prepared by 

enzymatic digestion for 2 hours at 37
0
C in rotary shaker. CD11c+CD40+, CD11c+CD80+, CD11c+CD86+, were 

gated and their expression was analysed using flow cytometry. Figure (A) shows the graphical representation of 

maturation status of dendritic cells in terms of MFI for CD40. Figure (B) shows the repeated experiment (n=3 with 2 

mice each) shown in terms of MFI expression. Statistical analysis was done using one way anova by graph Pad 

prism 5. P value < 0.05 was taken statistically. In the figure *** indicates P value <0.0001. 

 

I further tested whether maturation observed in terms of CD40 upregulation in NK 

treated AT-84 tumor DCs can has ability to stimulate T cells. Control and NK treated AT-84 

DCs prepared as described above were used as stimulators of CFSE-labeled T cells from 

C57/BL6 mice. This mixed lymphocyte reaction was set up at 1:10 ratio and proliferation of T 

cells was determined by the CFSE dilution in FACS at day 5. As shown in (Figure 6.13 A, B), T 

cell proliferation was enhanced when they were co-cultured with NK treated DCs compared to 

controls. These data indicate that direct administration of NK at the AT-84 tumor modulates the 

tumor associated DCs that may have augmented antitumor immunity against AT-84 tumor.  
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Figure 6.13 Il-15 activated NK cells augmented tumor infiltrating dendritic cells in vivo. Tumor infiltrating DC 

were purified using CD11c+DC isolation kit (stem cell, Canada). Before isolation, Single cell suspension was 

prepared by enzymatic digestion for 2 hours at 37
0
C in rotary shaker. Thus prepared DCs were washed with PBS 

and further co-culture with CFSE labelled splenic T cells purified from B6 mice (1:10 ratio) in a total volume of 

200µl in complete RPMI medium. After 72 hours, T cells were harvested from co-culture and CD3+ T cells were 

gated and % of T cell Proliferation was measured using flow cytometry. (A): shows the representative Figure of 

CD3+ T cell proliferation analyzed in flow jo software. (B): shows the repeated experiment (n=3 with 2 mice each) 

shown in terms of % of T cell proliferation. Statistical analysis was done using one way anova by graph Pad prism 5. 

P value < 0.05 was taken statistically. 
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Further, IFN- γ was measured from the supernatant harvested from DC: T cell co-culture system 

using ELISA from above culture. It was observed that IFN- γ production was significantly higher 

in supernatant obtained from IL-15 NK treated mice compared to control (Figure 6.14).  

 

 

 

 

 

 

 

 

Figure 6.14: Tumor infiltrating DCs from the NK treated animals displayed enhanced cytokine production 

ability. Tumor infiltrating DC were purified using CD11c+DC isolation kit (stem cell, Canada). Before isolation, 

Single cell suspension was prepared by enzymatic digestion for 2 hours at 37
0
C in rotary shaker. Thus prepared DCs 

were washed with PBS and further co-culture with CFSE labelled splenic T cells purified from B6 mice (1:10 ratio) 

in a total volume of 200µl in complete RPMI medium. After 72 hours, supernatant was harvested from co-culture 

IFNγ was measured using ELISA. Statistical analysis was done using one way anova by graph Pad prism 5. P value 

< 0.05 was taken statistically (n= 3 with 2 mice each). In the figure *** indicates P value <0.0001. 
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6.2.8. Blocking NK induced CD40 receptor on DC abrogates T cell proliferation  

In our study, I observed CD40 upregulation when DC and IL-15 activated NK were cultured 

together for 24 hours. I next determined to test whether CD40 upregulation in AT-84 exposed 

DC has any functional role. NK stimulated DC was co-cultured together with T cells with or 

without blocking CD40 antibody. I observed that blocking CD40 in NK stimulated DC abrogates 

T cell proliferation significantly. Whereas isotype has no any effect implying NK induced CD40 

was essential for functionally activation of tumor supressed DC. 

 

 

 

 

 

 

 

 

 

 

Figure 6.15: Blocking NK induced CD40 receptor on DC abrogated T cell proliferation: BMDCs were 

generated as described above from C3H mice and AT-84 exposed DC cultured with NK was harvested.  Prior to DC 

harvest, Non-adherent NK cells were removed from DC: NK co-culture.  DCs were washed with PBS and pre-

incubated with blocking CD40 antibody and its isotype control at 50ug/ml for 45 min at 4
o
C. Thus prepared DCs 

were co-culture with T cells (1:10) from B6 mice in a total volume of 200µl in complete RPMI medium. NK and 

DCs were from C3H mice whereas T cell was purified from B6 mice. Before co-culture, T cells were labelled with 

CFSE dye. After 72 hours, T cells were harvested from co-culture and CD3+ T cells were gated and % of T cell 

Proliferation was measured using flow cytometry. Figure: shows the representative figure of CD3+ T cell 

proliferation analyzed in flow jo software (n=3 repeated in triplicates).  Statistical analysis was done using one way 

anova by graph Pad prism 5. P value < 0.05 was taken statistically significant. In the figure ** indicates P value < 

0.001 and *** indicates P value <0.0001. blo represents blocking ab, iso represents isotype ab.  
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6.2.9 Adoptive transfer of activated NK cells directly to tumor sites reduced expression of 

inhibitory ligand PD-L2 in tumor infiltrating DCs.  

 

In comparison to IL-2 treated mice (control), activated IL-15 NK in complete RPMI medium 

supplemented with low dose of IL-2 medium treated mice showed reduced expression of 

inhibitory PD-L2 expression in TIL DCs in terms of both % and MFI 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.16: Tumor infiltrating DCs from the NK treated animals displayed reduced PD-L2 expression. 

Single cell suspension was prepared by enzymatic digestion for 2 hours at 37
0
C in rotary shaker using stem cell 

(Canada) tumor digestion kit. Thus prepared single suspension were washed with PBS and stained with 

CD11C+PDL2 marker. Surface staining was performed to evaluate PDL-2 expression in CD11C+DC cells using 

flow cytometry. Figure (A) % of PD-L2 expression in CD11C+DC, (B) MFI of PD-L2 expression in CD11C+DC.  

Surface staining was done using (ab) . A total of 50,000 events were acquired and the expression levels of PD-L2 in 

CD11c+DC cells were analyzed using FlowJo software, version 9.6.2 (FlowJo, LLC, Ashland, OR, USA) by the 

mean florescence intensity (MFI) and %.Statistical analysis was done using unpaired T test by graph Pad prism 5. P 

value < 0.05 was taken statistically (n= 3 with 2 mice each). In the figure * indicates P value <0.01 and ** indicated 

P value <0.001.  
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But no alteration was observed when inhibitory PD-L1 expression in tumor infiltrating DCs in 

terms of both % and MFI was analyzed. % and absolute number of TIL DCs slightly reduced but 

did not reach statistical significance in control and treated mice (Figure 6.10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.17: Tumor infiltrating DCs from NK treated animals displayed no change in   PD-L1 expression and 

DC number. Single cell suspension was prepared by enzymatic digestion for 2 hours at 37
0
C in rotary shaker using 

stem cell (Canada) tumor digestion kit. Thus prepared single suspension were washed with PBS and stained with 

CD11C+PDL1 marker. (A) % of PD-L1 and (B) MFI of PD-L1 in CD11C+DC cells. (C) % and (D) absolute 

number of CD11+DC.  Surface staining was performed to evaluate PDL-1 expression in CD11C+DC cells using 

flow cytometry. Surface staining was done using (ab) . A total of 50,000 events were acquired and the expression 

levels of PD-L1 in CD11c+DC cells were analyzed using FlowJo software, version 9.6.2 (FlowJo, LLC, Ashland, 

OR, USA) by the mean florescence intensity (MFI) and % .  % and absolute number of CD11c+DC were calculated 

by multiplying the % of CD11C+DC and total number of single cell suspension. 
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CHAPTER 7.0   DISCUSSION 

7.1 Standardization of CD3ζ chain for longitudinal analysis 

The CD3ζ chain is involved in signal transduction and T cell activation [214,253]. Growing 

evidence suggests that ζ-chain downregulation in T cell negatively regulates T cell function in 

cancer and other malignancies [253-255]. However, use of ζ-chain expression as a biomarker of 

disease prognosis had not been validated in any longitudinal study. I conducted a longitudinal 

study to evaluate whether changes in the expression of a candidate biomarker such as CD3 ζ 

correlate with disease outcomes in the individual patients. I proposed to use flow cytometry for 

serial CD3 ζ determination. During serial measurement of ζ I observed inter-assay variation 

when a same PBMCs sample was analyzed in multiple times. Therefore, I set this assay to 

quantify the ζ change deviation in each patient’s samples from previous run in relative to the 

internal control. This method allowed consistent data comparison in an inter-assay manner to 

track the actual changes of the biomarker in the samples collected and analyzed at different time 

points.  

The current study developed and validated a method that used an internal control and a 

normalization procedure to monitor the expression levels of CD3ζ in a HNSCC patient cohort 

over multiple time-points using flow cytometry. In a review that summarized a general flow 

cytometry equipment setup, Maecker et al suggested certain setup controls for use in flow 

cytometric analysis as follows: Gating controls to define positive signals and the use of 

biological controls, including healthy donors to compare alterations of any factor associated with 

alterations in the health of patients[256]. The present longitudinal study consisted of an 

additional internal control for inter-assay variations. PBMC collected from a healthy donor was 
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aliquoted and cryopreserved in multiple aliquots. Each aliquot was used as an internal control; 

the control was prepared for anti-CD3ζ staining and run alongside other test samples under 

specific experimental and flow cytometric conditions. 

Increasing the PMT voltage is directly proportional to the strength of signals generated from a 

certain amount of light, and increasing or decreasing the PMT voltage directly affects the output 

signals and ultimately adds complexity to result analysis [257]. Therefore, it is recommended to 

keep the PMT voltage constant for longitudinal studies. The present study observed that the 

inter-assay variations assayed in the short term, such as weekly intervals, was reasonably small 

(Figure. 4.2). However, despite trying to keep the PMT voltage constant in each flow cytometric 

analysis, the present study observed that the same internal control produced different MFI values 

under the same PMT voltage at various time points in a long-term longitudinal study (Figure. 

4.3). These variations may have arisen due to various factors, including a slight alteration in 

PMT voltage upon each calibration, batch-to-batch variation of the fluorochrome-conjugated 

anti-CD3ζ antibodies and laser sensitivity. Therefore, a standardized procedure to normalize data 

obtained in inter-assays was required so that the MFI values were in a consistent range for 

statistical analyses. 

Using a small sample size of healthy control individuals and patients with HNSCC, I first 

validated the normalization procedure I used in the longitudinal analyses and compared the MFI 

of CD3ζ expression in the PBMCs of these two groups, with or without applying the 

normalization procedure. Prior to normalization, statistical analysis indicated that the distribution 

of data was not normal. There was no statistically significant difference between the CD3ζ 

expression in the PBMCs of the healthy individuals and patients with HNSCC (Figure. 4.4). 

However, following normalization, the present study observed that the distribution of the data 
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became normal. In accordance with previous studies [226,227], the present study identified that 

the downregulation of the normalized MFI of the CD3ζ chain on T cells was statistically 

significant compared with the healthy donors (Figure. 4.4). Transforming the raw data, which 

had various ranges of MFI, into a normalized scale allowed all the variations in MFI values to 

become closer in range. This eliminated, not only the effect of inconsistent values generated at 

multiple cytometric assays, but also enabled a direct comparison of CD3ζ expression data 

collected at various time-points. Consequently, this method allowed the present study to observe 

alterations in the expression levels of the molecule of interest using flow cytometry in a 

longitudinal study (Figure. 4.5). This standardized method will allow to “track” changes of 

biomarker of interest by flow cytometry in a large cohort of HNSCC patient or in other chronic 

conditions such as autoimmune and infectious disease.  

 

7.2 Change in CD3ζ-chain expression is an independent predictor of disease status in head 

and neck cancer patients 

The National Comprehensive Cancer Network panel  has suggested  post-treatment 

surveillance of HNSCC, that includes physical examinations every 1–3 months (1st year), 2–4 

months (2nd year), 4–6 months (years 3-5), and 6–12 months thereafter [258,259]. Physical 

examinations, however, can be compromised by granulation, fibrosis, tissue edema, and necrosis. 

Tissue distortion from radiation and surgery can obscure early detection of residual/ recurrent 

tumor by the conventional follow-up approaches such as physical examination and imaging by 

Computerized Tomography  and Magnetic Resonance Imaging [207]. The follow-up protocols 

currently in practice do not seem to diagnose treatment failures and recurrences early enough for 

the best treatment option to improve survival rates of these patients [260]. Identification of 

specific and clinically useful biomarkers could help in early detection and progression of disease 
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as well as for prediction of treatment outcomes [260-262]. Immunosuppression and the 

accompanying cachexia have been documented to be more frequent and profound in HNSCC as 

compared to other malignancies [235,263,103]. A number of immunosuppressive mechanisms 

have been proposed. These include: spontaneous apoptosis of circulating T cells [264,265], poor 

expression of co-stimulatory molecules and loss of HLA class I molecules on tumor cell surface 

[266,267], a decrease in the absolute cell counts of specific T cell subsets [268,269], 

predominant Th2 responses [269,  76], production of immunosuppressive factors by tumors [156, 

270-273], T cell exhaustion [274], over-expression of regulatory T cells, and dysfunctional 

/inhibitory dendritic cells [275,276]. Earlier publications from our group and others have 

reported reduced levels of CD3ζ-chain in both tumor infiltrating lymphocytes and peripheral 

blood lymphocytes probably due to inhibitory factors, transcriptional defects and production of 

Arginase I in the tumor microenvironment by myeloid cells [56,235,276-278]. I did not observe 

any statistical differences in proportion of CD3 ε+ T-cell subset in the PBMC of the HNSCC 

patients and the healthy controls; however, the relative MFI of the CD3ζ expression in the T cells 

of the HNSCC patients was significantly lower than that of the healthy controls. (Figure 5.0). ζ-

chain in NK cells remains unaffected (Supplementary Figure 4). This finding was in agreement 

with the previous reports of poor CD3ζ expression by us and others [55,56,279]. This also 

suggested that there is no quantitative difference in the proportion of T cell subsets in PBMC of 

HNSCC and healthy controls but a qualitative difference between the T cells of the two groups.  

This observation was further reinforced by similar percentages of T cells that responded to 

Staphylococcus Enterotoxin B super antigen in both HNSCC patients and healthy controls with 

no difference in the IFN-γ responses between the two groups.  However, T cells from the 

HNSCC patients produced a significantly weaker IFN-γ response as compared to the healthy 
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controls, when they were stimulated by the physiologically relevant recall viral CEF peptide Ag 

(Figure 5.1), suggesting a functional defect in mounting immune response. Also, NK cells from 

HNSCC patients produced a significantly weaker IFN-γ response when stimulated with NKp46 

ab but no significant change in IFN- γ response was detected when stimulated with 

PMA/ionomycin (Supplementary Figure 5). 

I demonstrated that the level of CD3ζ expression is independent of age, gender, stage of 

disease and treatment modality. I observed cancer of larynx and hypopharynx to have the lowest 

level of CD3ζ expression. Not much is known about the existence of site specific 

immunosuppression in head and neck cancer; however, it has been shown that the tumor 

microenvironment varies with anatomical site as evident from variable aggregation of 

immunosuppressive macrophages in different anatomical sites [280]. Accumulation of 

immunosuppressive macrophages in larynx and hypopharynx has been reported in earlier studies 

[280]. The subpopulations of these macrophages have been shown to produce hydrolyzing 

enzymes such as arginase I, which inhibit the CD3ζ expression [281]. The reduced CD3ζ 

expression cancer in larynx and hypopharynx could be explained by relatively 

immunosuppressive environment caused by infiltration of Arginine I, producing 

immunosuppressive macrophages. 

 During the follow-up period, levels of CD3ζ-chain expression were measured in 47 

patients at 117 follow-up visits at six-month intervals.  Applying 12% increase over the baseline 

as the optimal cut off point for a change in level of CD3ζ expression to confirm absence of 

cancer, the specificity of the assay was 87.50% and sensitivity was 79.21%. If the 6-month post 

treatment CD3ζ level rose by 12% or more, there was 97.56% chance that the patient was disease 

free (positive predictive value). I observed a 33% difference in DSS between a less than 12% 
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increase in post treatment CD3ζ expression from the baseline to an increase of 12% or more. In 

20% of the recurrences, less than 12% increase in post treatment CD3ζ expression from baseline 

level was observed at least six months before the clinical or radiological evidence of the disease. 

Not much difference was observed between DSS and DFS because 90% of recurrence resulted in 

death from the disease. This again highlights the poor salvage rate of recurrent HNSCC.   

Multivariate analysis revealed that independent relationship between less than 12% 

increase in post treatment CD3ζ expression from baseline level and the disease free as well as the 

disease specific survival. Among the known prognostic factors for HNSCC only the age and the 

lymph node involvement independently influenced survival; but a less than 12% increase in 6-

month post treatment CD3ζ expression was the strongest independent predictor of death of 

disease (p=0.007).  

To the best of our knowledge this is the first longitudinal study that has used level of 

CD3ζ expression as a marker for prognosis.  Our prospective study involved 100 individuals (47 

patients and 53 controls) with a power of 0.99 for alpha of 0.05 for comparing the levels of 

baseline CD3ζ between the patients and healthy controls. The minimum follow-up was three 

years, as most of the recurrences are known to occur within the first two years [282,283]. The 

only limitation of this study that I can think of is the use of anonymized healthy controls in the 

same age group that could not be matched with the patients in terms of demographics, alcohol 

and smoking habits, however none of these had any significant effect on the level of baseline 

CD3ζ.  This is unlikely to be a confounding factor in view of the very high power of this study. 

A recent report by Czystowska et al [284] demonstrated that the low frequency of 

circulating CD8+/CCR7+ T cells before any therapy predicts development of post-treatment 
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recurrences.  It will be of great interest to compare the utility of the CD8+/CCR7+ T cell assay 

and the change in CD3 ζ expression in our cohort of patients in future studies.   

In conclusions, our study strongly suggests that change in the serial levels of CD3ζ expression 

correlate well with disease status in HNSCC patients independent of the known prognostic 

factors.  The interesting observation of significantly low-level of CD3ζ expression in cancer of 

the larynx and hypopharynx requires further investigation.   

7.3 IL-15 activated NK cells overcame DC maturation defects 

induced by Head and Neck cancer 

Natural killer (NK) cells play essential role in cancer immunosurveillance. B and T cells 

depend on antigen for their survival, development and activation whereas NK cells are governed 

by balance of activating and inhibitory receptors and factors such as IL-15[285]. Systemic 

delivery of IL-15 have been tested in clinical trial as a cancer therapy for melanoma patients 

however the interest was reduced due to dose associated toxicity[286]  . Alternative way of 

delivering the IL-15 would be targeting specific cells such as NK cells. Moreover, the role of IL-

15 activated NK cells in context of head and neck cancer has not been investigated yet. 

Therefore, here I examined the efficacy of IL-15 activated NK cells against AT-84 mouse model 

of head and neck cancer.   

I demonstrated that IL-15 activated and expanded NK cells for day 4 when injected 

directly into tumor site supressed the AT-84 tumor significantly. Previously, it was reported that 

IL-2 cytokines are required for the survival and maintenance of transferred NK cells. However, 

high dose of systemic IL-2 was shown to be associated with severe side effects[287]. Therefore, 
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in this model, I suspended IL-15 pre-activated and expanded NK cells with low dose of IL-2 

before injection into tumor site. I selected IL-15 because it posed great physiological importance 

in NK cell development and in modulating NK cell functions during inflammation[288]. 

Previously, some literature showed that adoptive transfer of cytokine activated NK cells was 

efficient to regress tumor. Pegram et al showed that IL-2 expanded NK cells when injected after 

inoculation of sarcoma cell line delayed the tumor growth in RAG2−/−γc−/− mice[289]. 

Recently Jing et al showed that cocktail of cytokine (IL-12/IL-15/IL-18) stimulated NK for short 

duration (16 hours) mediated tumor regression in irradiated  RMA-S tumor model whereas IL-15 

alone were insufficient to control the tumor . However they have used low dose of IL-15 

(10ng/ml) to stimulate NK cells and injected NK intravenously [290]. Maria et al demonstrated 

that IL-15 expanded NK cells injected i.v.  along with hydrocortisone significantly showed 

antitumor responses against CT26 lung tumors[291].  

Using chromium release assay I showed that AT-84 cells are relatively resistant to IL-15 

activated NK cells. This in vitro result suggests that direct killing and removal of majority of 

tumor cells may not be the major mechanism to explain tumor regression observed in the IL-15 

NK treated mice. In addition to direct killing, growing knowledge in immunology suggests that 

NK cells are immunomodulatory cells that can orchestrate and tune the adaptive immune 

responses. Earlier publications reported NK-DC crosstalk plays crucial role in orchestrating the 

overall quality of the adaptive immune responses [179, 292, 293]. Many of them have shown that 

DC maturation and immunostimulatory capacity can be enhanced by NK cells. NK cells 

activating receptors such as NKp46, NKp30 and NKG2D were involved in these interactions 

showing requirement of direct cell-to-cell contact [294]. Massimo Vitale et al have also shown 

that NK-dependent DC maturation is mediated by soluble factors such as TNF-α, IFN-γ upon 
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interaction of the NK activating receptor NKp30[295]. However it is not yet clear whether the 

cross-talk is largely based on direct cell-to cell contact or soluble factors alone[295] Many of 

these studies were focused on the infection settings or at the normal immature DC level. A large 

body of literature showed that solid tumors such as head and neck squamous cell carcinoma 

(HNSCC) supressed the anti-tumor capacity of immune cells resulting in tumor evasion and 

growth[76,296]. The immunosuppressive mechanism involved in these defects is largely 

unknown, but considerable line of evidences showed that tumor alters the tumoricial and 

maturation activity of   key effector immune cells such as natural killer and dendritic cells 

respectively[296,289].T cell based antitumor immunity has been considered to play significant 

role in the control and elimination of head and neck tumors[284] .Activation of  T cells to induce 

the antitumor response is dependent on the maturation and activation status of dendritic 

cells[292]. The development and activation process of dendritic cells undergoes two phases. 

These two phases can be divided into (i) immature phase: DCs at immature stage are efficient at 

capturing antigens from the antigen sites but have reduced costimulatory molecules and  poor 

stimulatory capacity (ii) matured phase: DCs at matured stage have reduced phagocytic activity, 

increased costimulatory molecules and stimulatory capacity [297]. Cancer may induce abnormal 

differentiation in developing DCs before they leave bone marrow resulting in accumulation of 

myeloid cells and/or arrest the developing DCs at their immature stage after they leave bone 

marrow resulting in accumulation of immature DCs with low levels expression of co-stimulatory 

signals and poor antigen-presenting function [297,298] . I designed in vitro system to 

recapitulate the effects of tumor on the later phase of DC development (maturation/activation). 

By adding the culture supernatants obtained from AT-84 tumor cell lines on the last day of DCs 

culture (iDC) I have observed that AT-84 derived soluble factors are responsible for phenotypic 
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and functional defects in DCs. By analyzing the maturation markers CD40, CD80, CD86, I 

observed that CD40 upregulation was significantly abrogated compared to other markers CD80 

and CD86 (Supplementary Figure 1). I also tested the IL-12 cytokine production from DC after 

adding AT-84 supernatants. I observed reduced secretion of IL-12 from DC exposed to AT-84 

supernatants compared to LPS stimulated normal DCs. These AT-84 exposed DCs were further 

shown to inhibit T cell proliferation and cytokine production. Our results showed that DCs upon 

interaction with tumor factors experienced alternation in their maturation capacity and that in 

turn greatly influence T cell response. I tested if IL-15activated and expanded NK cells can 

overcome such immunosuppression. I demonstrated significant enhancing effect of NK on AT-

84 condition medium (CM) exposed DC maturation in terms of CD40 upregulation. To our 

surprise CD80 and 86 were downregulated (Supplementary Figure 2). DCs previously exposed 

to AT-84 conditioned medium upon stimulated by IL-15 activated NK were further shown to 

enhance T cell proliferation and IFN-γ secretion upon DC: T cell co-culture. These results 

suggest that NK cells may play crucial role in modulating DCs functions thereby augmenting the 

control of tumor growth. More importantly, our results showed that AT-84 tumor derived factors 

supresses DC maturation and such suppression can be overcome by activated NK cells regardless 

of mice genetic background. I then explored the status of tumor infiltrating dendritic cells 

(TIDCs) in our model to see whether IL-15 activated NK can improve the phenotypic and 

functional status of TIDC.  Similarly the changed phenotype and functional status of tumor 

factors exposed DC I noticed at In vitro level. The role of TIDC is not fully understood. In 

melanoma model it was shown that the presence of TIDC was correlated with cancer 

regression[299, 300]. In ovarian cancer model, it was demonstrated that the TIDCs number 

increased when the tumor burden shifted from light to heavy tumor mass [301]. These studies 
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suggest that presence of TIDCs is not only the determining factors rather their functional status 

determines the antitumor response. Depending upon tumor stage, TIDCs exhibited different 

levels of expression of costimulatory molecule, ag-presentation ability and immunostimulatory 

capacity [302,303].Scarlet reported that during such transition TIDCs switches from 

immunostimulatory to immunosuppressive [301]. Tumor cells and factors released from tumor 

cells were shown to inhibit DC maturation and their function. Michielsen et al. showed that 

conditioned medium obtained from colorectal tumor inhibited DC maturation In vitro. Factors 

such as VEGF, CXCL5, CXCL1, and CCL2 were shown to produce in high levels from this 

tumor. Apart from tumor factors, TIDCs also expresses immunoregulatory molecule on their 

surface [304] . Keith et al demonstrated increasing expression of immunoregulatory molecule 

PD-1 on murine DCs as the tumor growth advanceing from early to late stage [303, 305]. 

Blocking of PD-1 and tumors factors were shown to reverse the DC maturation and function 

indicating that immunosuppressive nature of TIDCs is likely reversible [305]. In our tumor 

model, I demonstrated that direct injection of IL-15 expanded NK cells along with low dose of 

IL-2 induced the maturation of TIDCs in terms of CD40 expression and exhibited enhanced 

capacity to stimulate T cells. Previously, Saito et al showed that direct injection of adenoviral 

vector carrying IL-18 gene in tumor site enhanced the CD86 molecule expression in TIDCs and 

improved the immunostimulatory capacity to activate T cells [306]. It was reported that local 

administration of CpG ODN into the area of tumor activated tumor infiltrating DCs compared to 

administration of CpG ODN in distant sites [307,308]. In our In vitro system, I showed that 

immunosuppressed DCs can be reversible to immunostimulatory by using direct NK-DC co-

culture approach. Therefore, I speculate that NK injected directly into tumor sites may have 

interacted with TIDCs and enable TIDCs to acquire matured phenotype and enhanced their 
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stimulatory ability to induce effective adaptive response against the tumor. In support of these 

findings, I found that TIDCs isolated from these NK treated mice showed enhanced T cell 

proliferation. Our results demonstrate that by modulating the function of TIDCs, NK cells may 

have augmented antitumor function in our model as possible mechanism. However, future 

studies are required to characterize the anti-tumor function of DCs subset and understanding the 

underlying mechanisms of NK-DC interaction in rescuing the immuno-stimulatory capacity of 

TIDCs.  

 IL-2 and IL-15 cytokines are widely used for In vitro expansion of NK cells. 

Interestingly, IL-2 and Il-15 share joint features in receptor recognition and signaling [286].  In 

comparison to IL-2, IL-15 has gained a considerable attention due to enhancing memory like 

phenotype and promoting survival by enhancing anti-apoptotic genes such as bcl-2 and reducing 

pro-apoptotic genes such as BIM and NOXA [309]. Recently, it was suggested that high dose IL-

15 eliminated the metabolic need for receptor stimulation in NK cells [310]. These findings may 

have important implication in adoptive cell immunotherapy as cancer cells take up available 

metabolites aggressively, thus deprive metabolites for other normal cells. The impact of 

metabolism of IL-15 activated NK in context of HNSCC needs further evaluation.  

Checkpoint inhibitors are emerging avenue of immunotherapy where antibody is given to 

patients with an aim to block the inhibitory molecules such as PD-1, CTLA4, PD-L2, and PD-L1 

present in cancer cells/immune cells [311,312].  Blocking inhibitory molecules of immune killer 

cells prevent cancer cells to ligate with the inhibitory molecules of immune killer cells.   Immune 

cells are free from inhibitory effect and activated immune killer cells ultimately destroy the 

cancer cells. PD-1 receptor and CTLA4 are the two key widely reported checkpoint inhibitors 

present in T cells[313]. PD-L2 and PDL-1 are ligands of PD-1 receptor expressed on other 
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immune cells such as dendritic cells.   In normal conditions these inhibitory receptors and ligands 

prevent self-activation of T cells and prevent host from autoimmunity. Tumor fools these 

inhibitory receptor by providing ligands to bind them and escape from immunosurveillance 

[314]. Currently αPD-1 and αCTLA-4 are in clinical trials of head and neck cancer [315].  Yu 

GT et al; have showed that αPD-1 treatment in mouse head and neck cancer model markedly 

reduced the tumor growth. They further showed signaling CD47/SIRPα pathway that regulate 

myeloid derived suppressor cells and tumor associated macrophages were reduced indicating the 

potential underlying mechanism of αPD-1 treatment [316]. I observed that PD-L2 expression 

was reduced in tumor infiltrating dendritic cells obtained from NK cells treated mice compared 

to controls. No significant difference was observed in PD-L1 expression indicating that there 

could be different tumor derived factors responsible for inducing expression of PD-L2 and PD-

L1. It was suggested that the PD-L2 expression was upregulated under the influence of Th2 

cytokines.  Earlier it was shown that IL-13 and IL-4 cytokines were produced by breast cancer 

and pancreatic cancer resulting in Th2 polarization and ineffective anti-tumor immunity. The 

consequences of ligating between PD-L2 on DC and PD-1 on T cell impaired the CTL activity 

[317,318].  Therefore, these findings are in argument with earlier findings which showed the 

PDL-2 as inhibitory molecule and its downregulation may positively favor the treatment 

outcome. However, greater numbers of studies are required to establish the role of PD-L2 in 

context of HNSCC. Since AT-84 cancer cells are not well characterized therefore it is yet to 

know whether NK cells treatment can also lower the expression of these inhibitory receptors and 

ligands In vivo. Nevertheless this study has shown that PD-L1 and PD-L2 expression is detected 

at tumor infiltrating dendritic cells and PD-1 expression is detected in tumor infiltrating T cells. 
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But what factors drive the expression of these inhibitory molecules and how much impact they 

have on supressing the anti-tumor immunity requires further investigation. 

In our system, we observed the upregulation of CD40 receptor on DC after interaction 

with IL15 activated NK cells. CD40 receptor expressed on DC and CD40 Ligand expressed on T 

cell plays essential role in T cell activating and priming. Therefore to examine whether NK 

induced CD40 on DC can further stimulate T cells, we proposed to block the NK induced CD40 

receptor on DC before culturing with T cells.  

I identified blocking of NK stimulated CD40 in DC abrogated the T cells proliferation 

suggesting that CD40 as a critical factor that determined DC stimulating activity in this NK-DC 

crosstalk. Whether CD40 ligand is expressed in NK cells is not known [319]. Therefore, in future 

it is interesting to investigate whether CD40 receptor on DC is upregulated by CD40 ligand 

present in NK cells or the interaction between NK and DC is mediated by other molecules other 

than CD40 ligand in NK cells. 

In conclusions, these findings showed that IL-15 activated and expanded NK cells can 

overcome the immunosuppression by killing the tumor cells and also by modulating DCs 

function (Figure 7). NK cells augmented the ability to improve the DC maturation/function 

inhibited by AT-84 tumor both In vitro and In vivo. To the best of our knowledge this is the first 

study where IL-15 activated and expanded NK cells were employed to reverse the 

immunosuppression on DCs in cancer setting. Overall, our findings have suggested that 

immunosuppressed DCs can be rescued by recruiting NK cells that may have relevance for 

cancer immunotherapy. All these findings suggest that there exists opportunities for NK-cell 

based immunotherapeutic against solid tumors.  However, the tumor models, dose of cytokines, 
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site of injection, number of NK cells and other experimental protocols may affect the outcome. 

Due to accessibility of anatomical location of head and neck cancer, I believe that direct injection 

of NK cells into tumor site can be possible in future clinical practice.  

                                          

Figure 7.0 : working model: IL-15 activated NK cells killed tumor cells by mediating cytotoxic function directly 

and also by modulating the dendritic cell function. AT-84 tumor derived factors impaired the maturation of dendritic 

cells. Recruitment of IL-15 activated NK cells not only kills some of the AT-84 cells directly but also improves the 

maturation of dendritic cells by upregulating CD40 molecule on DC. Thus NK stimulated DC now stimulates the T 

cell in a greater capacity as compared to tumor exposed DC. This mechanism may be responsible for destroying the 

tumor. In figure, T means T cells, NK: Natural killer cells, DC: dendritic cells.  

 

 

7.4 Conclusions and Significance 

Current treatment modalities in treating HNSCC have been largely focused on the direct 

killing of tumor cells. Therefore they may not be effective in inducing host anti-tumor immunity 

in patients.  Also, HNSCC could be managed if detected at early stage; however, there is 

limitation of biomarkers in early detection of recurrent or persistent cancer. Our longitudinal 

study is the first prospective study to evaluate the change in serial levels of CD3ζ expression as a 

marker for post treatment persistent or recurrent head and neck squamous cell carcinoma 

(HNSCC).  I strongly advocate clinical use of serial flow cytometric measurement of CD3ζ 



134 
 

expression for follow-up of HNSCC. In addition to clinical samples, I also used AT-84 

immunocompetent model of HNSCC to evaluate the experimental NK based immunotherapy. 

Using AT-84 mouse model, I tested the ability of IL-15 activated NK cells in inducing anti-

tumor immunity. I observed that intratumoral injection of NK cells rescued the 

immunosuppressed DCs and confer stronger anti-tumor immunity.  

7.5 Limitations:  I used peripheral blood from patients’ samples to measure the CD3ζ 

expression. Due to the limited access to the tumor tissue samples, measurement of CD3ζ from 

tumor compartment was not possible. It is yet to understand whether the T cells from the tumor 

compartment were hypo-responsive and that correlates well with ζ suppression. Even though AT-

84 is one of the few immunocompetent mouse models and all these mice are in C3H background 

that make it challenging to do a lot of T cell based immunological assay. Also, AT-84 antigen is 

not known yet. Therefore, I used OVA transgenic model to study the T cell function In vitro 

using OT1 (T cells) -B6 (DC) and DO11 (T cells) –BALB/c (DC) system. Using OVA system I 

showed the effect of tumor derived soluble factors can immunosuppress DC and NK cells can 

overcome such immunosuppression. I also repeated the experiment using C3H DC and T cells 

from B6 in Mixed lymphocyte reaction. And more importantly I found that CD40 upregulation 

in DCs by NK cells is important in overcoming immunosuppression.  This work supported the 

future development of IL-15 NK-based immunotherapy of HNSCC. Despite the limitations, C3H 

mice model is still appreciated as a suitable model for gene/immunotherapy due to the 

anatomical location and immune response against tumor can be measured in immunocompetent 

host. AT-84 is derived from the oral mucosa of C3H mice therefore AT-84 cancer cells can be 

transplantable back to the mice with ease. Further, we found that tumor regressing mice have 

improved CD3ζ expression in T cells. Similar results were observed in our clinical study 
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supporting this mice model as clinically relevant model. I used manual caliper system to measure 

the tumor volume. This only measures the size of palpable tumors with limited accuracy.  

Therefore, in future the tumor burden should be measured using advanced animal imaging 

techniques.  

 

7.6 Future Direction:  

In our longitudinal study, I observed that cancer of larynx and hypopharynx to have the 

lowest level of CD3ζ expression. These findings suggested the existence of site specific 

immunosuppression in these patients. It would be interesting to dissect the tumor environment of 

these sites to know whether there are more immunosuppressive factors produced in those sites 

that is responsible for degrading CD3ζ. To dissect that serum analysis could be done to see 

whether these patients produce any factors such as arginase that is involved in ζ chain 

degradation. Additionally, immunosuppressive cells such as macrophages and myeloid derived 

cells could be isolated from the tumor of these patients and correlate with other cancer patients to 

see their involvement in immunosuppression. This information could be useful in designing 

immunotherapy to maximize the treatment response.  

In AT-84 mouse model tumor was induced at heterotopic sites (flank) and the efficacy of 

Vpr and NK cells were measured. Even though this sites could be used for experimental 

therapies. However, compared to orthotopic sites (oral) heterotopic site may not reflect the 

features such as metastasis to lung as corresponding to human HNSCC[207]. Before translating 

NK therapies to clinic it is rationale to examine in more realistic site as compared to heterotopic 

site. This can be done by transplanting AT-84 tumor to the orthotopic sites. This information will 
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be useful to see whether IL-15 activated NK can also regressed tumor from different anatomical 

sites.  

Despite the presence of endogenous NK cells, AT-84 tumor developed in mice. 

Therefore, it would be interesting to investigate the role of endogenous NK cells in AT-84 tumor 

development. There is no readily available source of NK-deficient mice in C3H/J background 

therefore NK cells can be depleted using anti-asialo-GM1 antibodies before inoculation of AT-

84 cells (tumor elimination stage) and after tumor inoculation (“equilibrium” and “escape” 

stage).  Another possibility why endogenous NK cells failed to control tumor growth could be 

due to the less infiltration of NK cells to the tumor sites. To test this possibility, CFSE labelled 

NK cells will be injected In vivo and track from the tumor sites to correlate with tumor 

regression. Another important question remains to future attention is to check the different subset 

of endogenous NK cells. This is important because the AT-84 tumor environment may modulate 

the function of NK cells by modulating their activating ligands. To test this tumor infiltrating NK 

cells can be isolated and their activation status (CD69), status of activating receptors (NKG2D, 

NKp46) can be quantified using flow cytometer in relation to splenic NK cells from naïve 

animal.  

  I used IL-15 to activate NK cells in complete medium supplemented with low dose of IL-

2. Compared to IL-15 cytokine alone and IL-2 activated NK cells, I observed better response 

(Supplementary Figure 6). In future I want to investigate combination of multiple cytokines IL-

2, IL-15, IL-18, and IL-21 in activating NK cells to test whether they can kill tumor cells 

efficiently compared to single cytokines. Strategies for NK adoptive immunotherapy have been 

evolving in the last two decades.  The full therapeutic benefits of NK adoptive therapy in 

treatment of solid cancers have not been successful as compared to leukemia. It could be related 
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to evading strategies that tumor microenvironments create to escape NK-cell mediated 

immunosurveillance . In future, I suggest the following strategies that may be employed in the 

context of adoptive NK-cell based immunotherapy of head and neck cancers.  These include (i) 

Combination therapy:  J Ni et al demonstrated that NK cells activated by a cocktail of IL-12/IL-

15/IL-18 cytokines for 16 hours, when given in combination with radiation therapy, were more 

effective in regressing established RMA-S and lung metastasis than the NK cells activated by a 

single cytokine (such as IL-15) [290].  Therefore, similar strategy could be employed in context 

of head and neck cancer to enhance the efficacy of cytokine alone treatment in clinical practice.  

(ii) Genetic engineering of NK cells: Genetic engineering of NK cells allows one to modify 

and/or augment NK-cell functions in anti-tumor settings. With the advances in the development 

of viral and non-viral methods of gene transfer, it is now feasible to engineer NK cells to 

enhance their persistence, migration and/or effector functions in vivo.  NK cells engineered to 

express cytokine transgene, such as IL-2, IL-15, and IL-12, showed enhanced NK-cell effector 

functions, and suppressed liver metastases and lung cancer in preclinical models [320-322].   

NK cells can be engineered to express a Chimeric Antigen Receptor (CAR) to direct specific 

NK-cell recognition of tumor target cells [323].  Transduced NK cells, which carried a CS1 

specific CAR against human multiple myeloma and CD28/CD3ζ signal moieties, redirected the 

engineered NK cells to kill multiple human myelomas [323]. The first clinical trial of the 

engineered CAR19-expressing ex vivo expanded NK cells has also begun in patients with B cell 

malignancies [324].  Identifications of novel tumor antigens, chemotactic factors that promote 

NK migrations into tumors, cellular factors that regulate NK cell functions will all provide novel 

candidate gene(s) for genetic engineering of NK cells in that could be beneficial in treating 

HNSCC in future. 
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 (iii) Targeting NK cell metabolism for adoptive immunotherapy: Studies on metabolism of NK 

cells are limited [325, 326] Unactivated NK cells utilize oxidative phosphorylation, whereas 

activated NK cells utilize glycolytic pathway [327, 328].High dose IL-15 eliminated the 

metabolic need for receptor stimulation in NK cells [327]. These findings may have important 

implication in adoptive cell immunotherapy as cancer cells take up available metabolites 

aggressively, thus depriving metabolites for other normal cells [328]. Donnelly et al; 

demonstrated that mammalian target of rapamycin complex 1 (mTORC1) re-programs the 

metabolic requirement of NK cells [327].  Deletion of mTOR abrogates the NK cell proliferation 

and activation [329]. Of interest, the activity of mTORC1 is dependent on availability of 

nutrients such as glucose, and is regulated by IL-15 in NK cells [330, 331].   Rapamycin, an 

inhibitor of mTOR, was used in treatment of renal and breast cancers [332]. The impact of 

inhibiting this constitutive mTOR signaling in cancer versus NK cell activities should be further 

evaluated in context of HNSCC.  

In solid cancers microenvironment, reduced levels of nutrients accessible to NK cells may limit 

the mTOR activity and dampen NK-cell functions.  Memory T cells require fewer nutrients and 

fulfilled their energy demand via oxidative phosphorylation, therefore may have survival 

advantage in tumor microenvironments [333]. Romee et al demonstrated that memory-like 

human NK cells were generated by short pre-activation and re-stimulation of NK cells with a 

combination of cytokines (IL-12+IL-18+IL-15) [334].   Therefore, generating memory-like NK 

cells for adoptive cancer immunotherapy strategies may allow them to sustain longer and/or 

perform their effector functions better in the HNSCC tumor microenvironments.  

In conclusion, future adoptive cancer immunotherapy research may focus on novel protocols that 

support generation of activated NK cells which can adapt or function well in the HNSCC tumor 
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microenvironments.  The latter may involve novel research that addresses NK cell culture in 

alternative metabolic pathways (such as fatty acid oxidations), detailed characterizations of the 

metabolic activities in different NK subsets, tumor-derived factors that alter NK 

metabolism/functions. 

Previously, it was demonstrated that 1ng of TGF-β was sufficient to block DC maturation. In our 

multiplex analysis I observed that 1.8 ng of TGF-β1 (Supplementary 7 A). Multiplex analysis 

was done in the condition medium obtained from the AT-84 cancer cells. Therefore, It would be 

interesting to investigate  the role of this immunosuppressive factor in future[335]. To test the 

blocking TGF-β antibody will be used to block the TGF-β in supernatant before exposing DC to 

tumor supernatant. 
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7.7 Supplementary Data 

 

Supplementary figure legend 
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Supplementary Figure 1:  CD80 maturation marker was upregulated and CD86 marker remain unaffected 

when dendritic cells were exposed to AT-84 conditioned medium.  CD80 maturation marker of dendritic cells 

was upregulated when BMDC were exposed in AT-84 conditioned medium (CM). CD86 maturation markers of 

dendritic cells remained unaffected when BMDC were exposed in AT-84 conditioned medium (CM) Immature 

BMDC and BMDC matured with LPS were Set up as negative and positive control respectively. CD11c+CD80, 

CD11c+86 cells were gated and the expression of CD80 and CD86 was analysed and expressed in terms of mean 

fluorescence intensity. Figure (A) and (B) shows the representative graph of CD80 expression. Figure (C) shows the 

repeated experiment (n= 3 with 2 mice each) shown in terms of CD80 MFI expression in B6 mice background. 

Figure (D) and (E) shows the representative graph of CD80 expression.Similarly, Figure (F) shows the repeated 

experiment (n= 3 with 2 mice each) shown in terms of CD86 MFI expression. Statistical analysis was done using 

one way anova by graph Pad prism 5. In the figure ** indicates p value < 0.001 and *** indicated p value <0.0001.  
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Supplementary figure 2: CD80 and CD86 maturation marker were downregulated when dendritic cells were 

co-culture with IL-15 activated and expanded NK cells: AT-84 exposed DC with or without LPS stimulation was 

harvested, washed with PBS and co-culture with an allogenic Il-15 activated NK cells (1:1 ratio) in a total volume of 

200 µl for 24 hour. CD80 and CD86 (maturation marker of dendritic cells) expression was downregulated when co-

cultured with NK. CD11c+CD80, CD11c+86 cells were gated and the expression of CD86 and CD80 was analysed 

and expressed in terms of mean fluorescence intensity. Figure (A, B) shows the representative histogram and  

repeated experiment (n= 3 with 2 mice each) shown in terms of C80 and Figure (C), (D) shows the representative 

histogram and  repeated experiment (n= 3 with 3 mice each) shown in terms of C86 MFI expression of BMDCs 

derived from B6 mice . Statistical analysis was done using one way anova by graph Pad prism 5. P value < 0.05 was 

taken statistically significant. In the figure * indicates P value < 0.05 and *** indicates P value <0.001. 
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Supplementary Figure 3: CD80 and CD86 maturation molecule remained unchanged when tumor infiltrating 

dendritic cells from NK treated animals and control mice were analyzed. Tumor infiltrating DC were purified 

using CD11c+DC isolation kit (stem cell, Canada). Before isolation, Single cell suspension was prepared by 

enzymatic digestion for 2 hours at 37
0
C in rotary shaker. CD11c+CD80+, CD11c+CD86+, were gated and their 

expression was analysed using flow cytometry. Figure (A, B) shows the representative histogram and repeated 

experiment (n=3 with 2 mice each) shown in terms of CD80 MFI expression. Similarly, (C, D) shows the 

representative histogram and repeated experiment (n=3 with 3 mice each) shown in terms of CD86 MFI expression. 

Statistical analysis was done using one way anova by graph Pad prism 5. P value < 0.05 was taken statistically 

significant.  
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Supplementary Figure 4: ζ-chain expression in NK cells. Patients have significantly higher % of NK cells with no 

change in the ζ-chain expression in terms of MFI (A) . The expression of ζ chain in terms of MFI was analyzed by 

flow JO software gated in CD3-CD56+ cells. The CD56
+
CD3

-
/CD3ζ+ cells were analyzed by gating the lymphocyte 

population using FlowJo software. Thus, obtained MFI was further converted to relative fluorescence intensity by 

dividing the Patients MFI value with internal control MFI value.  Figure (B) % of CD56
+
CD3

- 
NK cells control and 

patients. Control=42, patients=40.Statistical analysis was done using Man-Whitney Test using graph pad prism 5 
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 Supplementary Figure 5 : NK cells of the patient and control groups have significant change in IFN γ 

production level when stimulated with NKp46 antibody (Figure A) and no change in IFN γ production when 

stimulated with PMA/Ionomycin (figure B).  96 well plate was coated with NKp46 antibody with 10ug/ml and 

kept Overnight at 4 degree refrigerator. Supernatant was removed and 0.1 million PBMC from control and patient 

were added to coated plate. Control and patient sample were also stimulated with PMA/Ionomycin and left 

overnight in incubator. Supernatant was taken and Elisa was done. Statistical analysis was done using Mann-

Whitney Test using graph pad prism 5. P<0.05 was taken statistically significant.  
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Supplementary Figure 6: IL-15 alone did not supress AT-84 growth. AT-84 cells were (10 million cells) were 

injected s.c. in the right flank of C3H mice. Tumor volume was measured at different time points., when tumor 

volume reaches to ~200mm3 ,  1*10
6 

 IL-15 activated  NK cells and IL-2 activated NK cells  in vitro for 4 days was 

directly  injected  into tumor sites . Final suspension was prepared in RPMI medium containing IL-2  (100 units/mL) 

medium. PBS and only RPMI medium containing IL-2 (100 units/mL) and IL-15 (50ng/ml) was used as a control. 

Graph shows the tumor growth (n= 3 with 2 mice each). Statistical analysis was done using two way anova in graph 

Pad prism 5. P value <  0.05 was taken statistically significant (n=3 with 2 mice each). In the figure *** indicates P 

value < 0.0001 
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Supplementary data 7 

 

 

 

 

 

 

A: Levels of TGF-β, IL-10, IL-6 VEGF detected in AT-84 culture supernatant detected by multiplex ELISA (EVA 

technologies, Edmonton, Albeta, Canada) . These factors were reported as immunosuppressive factors in HNSCC 

and in other cancers.  

 

Exotaxin G-CSF GMCSF IFN-α IL-1a IL-1β Il-2 

28.87 893.21 538.07 0 8.70 2.78 1.52 

138.64 701.20 186.42 0 28.76 1.96 1.59 

61.55 728.97 215.18 0 22.76 5.20 1.94 
 

 

 

IL-12p40 IL-12p70 IL-13 IL-15 IL-17 IP-10 KC 

1.34 1.39 0 0 1.20 135.58 9493.92 

3.28 3.77 0 10.64 0.70 181.60 11155.24 

3.80 1.58 0 37.44 1.03 13.47  10957.34 

LIF LIX MCP-1 M-CSF MIG MIP-1a MIP-1β 

532.26 71.45 16132.80 5.36 5.91 20.35 0 

452.66 496.49 15968.51 5.62 16.67 19.34 18.50 

315.79 224.75 15953.94 4.59 17.45 12.65 0 
 

 

 

B: Levels of other factors detected in AT-84 culture supernatant detected by multiplex ELISA (EVA technologies, 

Edmonton, Albeta, Canada) . Their role is not yet understood 

 

 

 

 

 

TGF-β1 TGF-β2 TGF-β3 IL-10 IL-6 VEGF 

1867.09 210.64 53.36 59.50 5.02 607.51 

1762.51 189.86 45.62 34.42 6.35 639.31 

1879.91 208.81 35.39 86.88 7.85 594.52 

IL-3 IL-4 IL-5 IL-7 IL-9 

1.72 0.25 1.98 3.91 10.10 

1.47 0.14 3.88 1.75 14.63 

1.18 0.21 2.67 3.02 26.04 

MIP-2 Rantes TNF-a 

942 31.13 4.64 

574.23 48.92 3.10 

722.49 30.67 2.41 
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Appendix Figure 1 A: Total T cells were depleted by injecting i.p. 100ug anti-Thy1.1 (TIB 107) 

mab before transfer of NK cells. 2 rounds of depletion antibody were used at day 6 and day 12 as 

shown above. Depletion was confirmed by staining both CD4 and CD8 T cells in peripheral 

blood of mice.  
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Appendix Figure 1 B: T cell depletion abolished the tumor regression effect of transferred  

NK cells: Using in vivo depletion assay as described above,  it was observed that  effect of NK 

cells is dependent on T cells.  Tumor bearing mice in which T cells were depleted failed to 

regress tumor upon injection of IL-15 activated NK cells. T cells were depleted on day 6 and day 

12. IL-15 treated NK cells were injected at day 7.  
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Appendix Figure 2: NK cells released significant lower IFN-γ when interacted with AT-84: 

IL-15 activated NK cells were relatively resistant to produce IFN-γ when co-culture with NK 

sensitive target YAC-1 at 1:1 ratio. IFN-γ was detected by using sequential staining. Surface 

staining was done by using DX5 ab followed by intracellular staining using IFN-γ ab. The assay 

was performed for 4-hour and cytokine secretion outside the cell was blocked using BFA and 

measured by flow cytometry. The experiment was performed in 96-well V-bottomed plates and 

repeated three times. 
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Appendix Figure 3: T cells are required for secondary protection: T cells were isolated from 

previously NK treated mice and transferred to Naïve mice. After one week, AT-84 cells were 

injected subcutaneously in the right flank. Out of the 5 mice, 4 mice were resistant in tumor 

growth and one mouse developed tumor. In control group, all mice developed tumor. Five 

million T cells were transferred to naïve mice.  

 

 

Appendix Figure 4: Maturation is mediated by cell-cell contact: Transwell assay was 

conducted to evaluate the effect of NK derived factors on DC maturation. 4 day culture NK cells 

were put in upper chamber of transwell and CM exposed DC were kept in lower chamber. In 

separate well CM-DC and NK were kept together. CD40 molecule was upregulated in CM-DC 

when NK and CM-DC were co-culture together. AT-84 CM and MDC were set up as negative 

and positive controls.  


