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ABSTRACT

Background-

Smokeless tobacco poses a significant global heiskhby suppressing the immune
system and promoting cancer development, espe@adlysquamous cell carcinoma
(OSCC). NK cells, key components of innate immunatiay a important role in early
immunity and tumor surveillance. Tobacco toxins amdotine impair NK cell

function, aiding tumor immune evasion. Immunopio§l particularly via flow

cytometry, helps assess these immune alteratiohs Jtudy aimed to evaluate
peripheral NK cell immunoprofiles in healthy indivals, tobacco chewers, and

OSCC patients to understand immune changes linkezbaicco exposure and cancer.
Materials and Method-

A total of 75 participants were enrolled, includi2§ healthy individuals, 25 tobacco
chewers (12 without lesions and 13 with lesional] @85 OSCC patients. Peripheral
blood samples were collected and analyzed for NK percentages and surface
marker expression (CD56, CD16) using flow cytometBjatistical analysis was

performed using non-parametric tests due to datalalition.
Results-

Immunoprofiling using flow cytometry revealed natsstically significant differences
in total NK cell percentages or subsets (CDXED56, CD16CD56) across the
three groups (p > 0.05). Although not significabD16'CD56" and CD56 NK cells

were lesser in tobacco users & OSCC patients apaam@d to healthy individuals.

Among tobacco chewers, those with lesions showeghtst higher mean NK cell
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values than those without, suggesting potential umenalterations associated with

lesion development.
Conclusion-

While quantitative NK cell levels remained relativestable with slight changes
across groups, phenotypic shifts in NK cell subsety indicate early immune
alterations in tobacco users and possible functiemhaustion in OSCC. NK cell
immunoprofiling, especially of functional marketrsylds promise as a biomarker in

oral precancerous and cancerous conditions.
Key Words-

Natural killer cells, CD56, CD16, Oral squamous calrcinoma, Tobacco chewers,

Flow cytometry, Immune profiling
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INTRODUCTION

Tobacco use is one of the most significant riskidiec for early mortality
worldwide. More than 60 harmful substances conthiimetobacco are capable of
reaching the body's different systémshe global cancer burden continues to rise,
owing primarily to an increase in tobacco intake,bioth smoked and smokeless
forms. All tobacco products in both smokeless andlsng forms (cigars, cigarettes,
chewing tobacco, pipe tobacco, and snuff) conterBs, carcinogens, and nicotine
(an addictive substance) that may lead to Oral erati@mt accounts for 2-4% of all

cancers,

There are a lot of studies that suggest nicotiresgnt in smoked cigarette
and/or smokeless tobacco is the major immunosugipeesNicotine stimulates the
release of catecholamines, which supresses the marsystem via promoting ACTH

secretiort.

The body's immune system response is vital forrdetson of cancer cells.
Because tumor-infiltrating lymphocytes (TILS) ungemapoptosis, tumors such as oral
squamous cell carcinoma (OSCC) can evade detedfiorhost immune cells.
Immunocompromised people are 100 times more likelydevelop cancer than

healthy ones.

OSCC found to be a highly immunogenic tumor dugstsignificant immune
cell infiltration. Tumor microenvironment (TME) imade up of complex mixture of
extracellular matrix with a range of stromal celisd immune cells that coordinate
and interacts with the tumour cells. Thus, it iggs tumor-associated macrophages
(TAMs), cancer-associated fibroblasts (CAFs), ratpy T cells (Tregs) and

endothelial cells, Neutrophils, Dendritic cells (§)C Eosinophils, Macrophages,
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myeloid derived suppressor cells (MDSCs) & natlitiér cells (NKs). T cells and B
cells make up the adaptive immune cells, whileitimate lymphoid cells constitute
the innate immune cells. The formation of tumorsmestly driven by cross-talk
between the TME, extracellular matrix, and tumadiscd-urthermore, inflammatory
cytokines, chemokines, and growth factors are weal in cancer-associated
inflammation, specifically chronic inflammation, weh can lead to genomic
instability, DNA damage, tumor angiogenesis, andflaa between suppression of

immunity and promotion may result in tumorigenésis.

Cellular and humoral processes, such as antibodieake up the
immunological response to foreign antigens. Theonitgj of humoral reactions are
unable to impede tumor progression. Effector celish comparatively strong
tumoricidal properties include T cells, macrophagesd NK cells. Cells known as
antigen-presenting cells—which have tumor-specdittigens (TSAs) or tumor-
associated antigens (TAAs) on their surface—indeitector cell activity, which is

aided by cytokines like interleukins and interfeson

NK cells- cytotoxic lymphocytes, belong to the itmdymphoid cell (ILC)
family and function at the crossroads of innate addptive immunity. NK cells play
an important role in tumor monitoring, atopic dises, and many
autoimmune/inflammatory disorders, as well as yi@hogen defenseNK cells use
a variety of intrinsic receptors to sense theiraumdings and respond to diseases,
cellular stress, and transformations. The subseaqdd cell activation, which
includes cytotoxicity and cytokine generation, i3 @mportant part of the early
immune respon§eThey can affect the outcome of adaptive respoasdspromote

immune homeostasis.
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As important rapid-acting immune receptors, NK<alle a major producer of
IFN during early-phase immunological responses.ylffdnsforms naive CD4+ T
cells into Thl cells and increases the immunogsnii tumor cells, both of which
strengthen cell-mediated anticancer responses.y IFitilitates communication
between effector memory CD4+ T cells, naive CD8eells, and myeloid cells (DCs
and macrophages). In order to improve antitumor umity, NK cells can also
produce the chemokines CCL5, XCL1, and FIt3L, whatimulate naive effector

CD8+ T cells and conventional type | DCs (cDC1s)

By expressing cytotoxic granules or death-recefitands, NK cells can
directly kill tumor cells in addition to generatingytokines. In general, the TNF

family of receptors and ligands plays a major inleumor eradicatiofi.

NK cells are CD3lymphocytes that lack antigen specific receptarstieeir
surface. CD56 functions as a tag to identify NKi&om other non-T lymphocytes
in humans’. Effective anti-tumor immunity is by CD8 positi¢(€D8+) cells, which

are a significant subset of cytotoxic T lymphocyaes natural killer (NK) cell$

According to research, smoked tobacco productsfrguently linked to
serious immune system effects, such as decreasadurioglobulin levels,
helper/suppressor T cell ratios, and NK cell attiVi Chronic smoke exposure
impairs natural killer (NK) cell-mediated immunilby suppressing NK cell activation
and cytotoxic T lymphocyte (CTL) activity, despiteachanged NK cell mobilization
or numbers. Smoke exposure also decreases derwfitiminction, which is vital for
NK cell activation. Interestingly, smoking cessatioeversed these detrimental
effects, restoring NK cell function and reducingntur burden. This highlights the
reversibility of smoke-induced immune suppressiod anderscores the importance

of quitting smoking™°
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Studies have shown that use of smokeless toba@sagpracticed worldwide
which can cause similar effects to those of smokimghe association with the

development of oral squamous-cell carcindta.

Furthermore, studies have shown immunophenotypitsdrrangements in
peripheral natural killer cells in alcoholics leaglito immunosuppressitih whereas
immunoprofiling of peripheral natural killer celis tobacco chewers and its role in
oral squamous cell carcinoma initiation remainsxpi@ed. Immunoprofiling — a
way to measure the state of an individual’'s immuegstems at a given point of
time.Flow cytometry is the technique used commdolyimmunoprofiling as this
identifies and quantifies the population of celisai heterogenous sample which can

be usually blood, bone marrow or lymph.

Therefore, considering the significance of NKCsnmunosurveillance and
antitumor immunity, smokeless tobacco may be linkeda change in their
immunoprofile that could indicate a disruption iheir dynamic balance, and
consequently to aberrant activation, trafficking,cgtotoxicity that results in tumor

cells evading the immune system.

As there is limited literature on this aspect, #im of the present study is to
evaluate the immunoprofile of peripheral naturdlekicells in normal, tobacco

chewers and oral squamous cell carcinoma patiesitsg flow cytometry.
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AIMS AND OBJECTIVES

AIM OF THE STUDY:

Evaluation of immunoprofile of peripheral naturallde cells in tobacco

chewers and oral squamous cell carcinoma patigritew cytometry.

OBJECTIVES:

 To evaluate the expression of peripheral naturdlerkicells in normal
individuals using flow cytometry

 To evaluate the expression of peripheral natuiliérkcells in tobacco
chewers using flow cytometry.

* To evaluate the expression of peripheral natutidrkeells in Oral squamous
cell carcinoma patients using flow cytometry

* To corelate the expression of peripheral natutérkeells in normal, tobacco

chewers and oral squamous cell carcinoma patients.
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REVIEW OF LITERATURE

As stated by World Health Organization, about dmedt of world's adult
population uses tobacco. According to the GloballAd@obacco Survey-2 (GATS-2),
28.6% of people worldwide consumes tobacco in séonm, 10.7% smokes, and
21.4% uses smokeless tobacco. Men use SLT at arhigte (27%-37%) than women

(10%-15%)"

There are about 8,000 compounds in cigarette snmiokkiding 93 that the
FDA has classified as hazardous or possibly hamastd®8moking has been directly
linked to numerous diseases, particularly thoseecéifig the pulmonary and
cardiovascular systems, such as cancer, chronitruchige pulmonary disease
(COPD) and coronary heart diseasé Extensive research has examined the health
impacts of cigarette smoking at organ, cellulad amlecular levels. Mechanistically,
smoking disrupts various molecular pathways, inclgdhose related to oxidative
stress and immune responses. Oxidative compoundduged during cigarette
combustion cause lipid and DNA damage and activabg epithelial cells and
macrophage¥’ This activation triggers immune cell responsessira inflammatory
mediators release, systemic inflammation, and asad circulating leukocyte levels
in chronic smokers. Alterations in inflammatory riedrs, like cytokines, TNk-and
IL-6, along with acute phase proteins like C-reactprotein (CRP) and fibrinogen,

have also been observed in smoKérs.

The term "smokeless tobacco" signifies tobacco yrtedthat are used without
smoking. These products are usually chewed, inhaledserted between the gums
and the cheek or lips. Such as chewing tobaccdf, ssnus, and soluble tobacco

products. Smokeless tobacco is especially popnl&outh Asia, and it makes up for
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over 80% of global usage. There is no safe levanobkeless tobacco usage, which

contributes to around 650,000 fatalities worldwédeh yeat’

In nations such as India, smokeless tobacco (St €pnsumed in a variety of
ways, including pan (betel quid) with tobacco, sldkime concoctions, pan masala,
snuff, zarda, khaini areca nut, mishri, mawa, angklta. Besides locally
manufactured tobacco products, various commercillgl tobacco products have
recently been made available at low prices, whictkes them widely accessible to

everyone, especially the young and underprivileged.

National Cancer Institute have reported that Smessetobacco contains over
25 carcinogenic compounds, including tobacco-specifitrosamines (TSNAS),
polonium, cadmium, formaldehyde, lead, and benpgfghe. TSNAs, particularly N-
nitrosonornicotine (NNN) and 4-methyl-N-nitrosamibhe3-pyridyl)-1-butanone

(NNK), which are the primary cancer-causing agentmokeless tobacco.

The carcinogenic risk of smokeless tobacco vargggedding on product type
and production methods. Dry snuff has a higheraassd risk for oral cancer, while
moist snuff and chewing tobacco carry a lower risctors such as fermentation,
curing processes, and the addition of preservativBgence the concentration of
harmful and antioxidant compounds in these produgpédemiological studies have
linked smokeless tobacco use with an increased aisi&ral cancer, which varies

based on the product's composition and usage psifer

Xiaoge Jiang et al. reviewed how tobacco use caosalssquamous cell
carcinoma (OSCChrough multiple complex mechanisms. It highlightedt tobacco
contains over 60 toxic and carcinogenic compourftlt tan cause epigenetic

alterations in oral epithelial cellsuch as mutations in p53, GLUT16, DAPK,and
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PI3K, all of which are associated with tumor progressidobacco also leads to
immune system suppressjomotably altering CD4+ and CD3+ T-cell functi@md
affecting cytokines like IL-2 and IL;4thus aiding tumor evasion. Additionally,
tobacco-induced oxidative stress from free radi¢alg., ROS, RNS) damages DNA
and cellular structures, promoting carcinogen&die. authors concluded that tobacco
as a major carcinogen for OSCa&hd understanding its diverse carcinogenic pateway

is utmost important for early detection, preventiand intervention&®

EFFECTS OF NICOTINE IN IMMUNE SYSTEM:

Nicotine is a key component in smokeless tobaccat ttontributes to
addiction. Nicotine, a cholinergic drug activatesotinic or muscarinic receptors
either by inhibiting cholinesterase or inducing tgf@oline release. It appears to
suppress immunological activity and diminish théease of different cytokines.
Nicotine's effects appear to vary depending on ¢bacentration and route of
administration. Nicotine significantly alters immalagical function, increasing the
total number of leukocytes and TCD8+ cells whilerdasing TCD4+ cells and NK
cells. It also causes tumor invasion, cell migmtiand carcinogenesis in a7-receptor

and Src-dependent pathwaly's.

Along with immune and nerve cells, Nicotine adbgtgline receptors
(nAChRs) are found on the surface of various célisig term exposure of nicotine
stimulates these receptors, which are ion charaiststriggered by neurotransmitters
like acetylcholine.al-a7, a9, al0, B1-p4, v, 6, andp are 17 subunits of nAChRs
found in mammals, encoded by 17 distinct genespécific subunit of nAChRS is
present in immune cells, while diverse combinatiohsicotine receptor subunits
may be expressed in other cells that leads to agieponses to nicotiri® Nicotine

activates intracellular signaling cascades thatlres significant changes to the
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immune system by affecting the alpha subunit of theotinic receptor on the
phospholipid bilayer membrane. These cascadesakeisflammation by decreasing
NF-«B and lowering cytokine production. Furthermorecatine inhibits the

polarization of ThO lymphocytes into Thl and Thllls; supporting a shift to the
less inflammatory Th2 pathway. Nicotine also desesathe expression of IRAK4,
IRF4, and RIG1, which reduces antiviral responsEsrthermore, increased

expression of the FASL receptor and caspase-3 aruima cells leads to widespread

20
apoptosis’
Polarized to Th2
. Inhibit JAK/STAT 4 = Th1
Decrease secretion
proinflammatory cytokines

a7receptor

PN & Inhibit JAK/STAT 3 = Th17
Outer - ' © © Nicotin

/'

AAA N L

e ’TW
M’Vl%/} J >’)>8*<

' NS

Inhibit NFXB = «—
-~

Inhibit IRAK4, IRF4, RIG1

|

Decrease antiviral responses

Inner

Increase FASL l

Apoptosis ActlvatedlCaspase3

PARP —+ Apoptosis

Figure 1: Effects of nicotine on various componentsf immune system

Abbreviations: JAK/STAT, Janus kinase/signal transducer and activator of
transcription; Th, T helper; IRAK4, Interleukin-1 receptor associated kinase 4; IRF,
Interferon regulatory factor 4; RIG1, retinoic-acid inducible gene |; PARP, poly-ADP
ribose polymerase; FASL, Fas cell surface death receptor ligand; NF-xB, Nuclear

factor kappa B.
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DERIVATION, DISTRIBUTION AND CLASSIFICATION OF NATU RAL

KILLER CELLS

NK cells are found in a variety of tissues, inchglbone marrow, lungs, liver,
spleen peripheral blood and lymph nodes. They h#se@been found in many organs,
including kidneys, thymus, pancreas, brain, tondiladder, adipose tissue, skin,
intestines and uterddCD56dim NK cells are the most common subset inpberial

blood, while CD56bright NK cells are more abundariymph node$?

In comparison to T and B cells, NK cells are bigged possess specific
cytoplasmic granules. They were found in 1975 bgsKling et al. and Herberman et
al. “ Common lymphocyte progenitors (CLPs) gradually ngjea from CD34+
hematopoietic progenitor cells to NK cells by doegulating CD34 and upregulating

CD56, which leads to NK cell maturation and diffeiation**

All human innate lymphoid cell (ILC) subpopulatigmscluding NK cells, are
produced by a pluripotent progenitor near CLPsgi@ating from CLP, the common
ILC precursor (CILCP) subsequently differentiatesoi NK-restricted progenitors.
NK lineage commitment is characterized by the esgiom of CD122 as well as the

deletion of CD34 and CD127.

Also, the transcription factors Eomes and T-betemsential for the functional
differentiation of natural killer cells. CLPs in o& produce CILCPs, which in turn

produce helper-like ILCs and NK ceffs.

NK cells are classified into different subsets lbas® surface membrane
marker expression. In humans, they are primaritgegarized by CD56 expression
into CD56"™ and CD58"" subsets. CD58" NK cells are known for their potent

cytotoxic activity against tumors, while both sulssean secrete cytokines. Both
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populations exhibit activating receptors like NKpaid NKp80. CD589" NK cells
can differentiate into CD3B" NK cells through expression of PEN5 and CD16. In
mice, NK cell subsets are recognized based on CDCD?26 (DNAM-1), CD27,
and KLRG1 expression; however, direct parallelsvieenh human and murine NK cell

subsets have yet not been establigfied.

ROLE OF CD56 AND CD16 NATURAL KILLER CELLS

CD56dimCD16dim NK cells, are relatively overlookedubclass in
immunological research. Jacques Zimmer et al., cemtgnon a study by Hofland et
al., which examined NK cell activation in chronyeriphocytic leukemia (CLL) using
in vitro model, demonstrated that NK cells exhibithanced degranulation and
cytotoxic functions when stimulated via the CD1@aeptor (FcgRllla), leading to
increased granzyme B release and interferon-ganifdey) production. Also the
study noted that NK cell activation through NKG2Dasv negatively affected.
Moreover, CLL patients had a significantly higheogmortion of mature NK cells
(NKG2C+CD57+ILT2+) compared to healthy individualshereas the inhibitory

receptor KLRG1, a marker of senescence, showedasimipression in both groups.

Zimmer points out that the study categorized NKlsca@ito three primary
subsets: CD56brightCD16-, CD56dimCD16+, and CD563&€D However, it
excluded three additional subsets: CD56brightCDH6dICD56dimCD16—, and
CD56dimCD16dim, despite their presence in the @ataBhe CD56dimCD16dim
subset, previously identified in a 2017 study, appeto be a distinct NK cell
population, located adjacent to the CD56dimCD16tirgybset in flow cytometry dot
plots® This exclusion is significant because the CD56dbf6dim subset displays
distinct phenotypic features that suggest it migigresent an immature precursor of

the CD56dimCD16bright NK cells. Supporting thisiclathe subset has a higher
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expression of NKG2A and CD27, but a lesser presenddR, CD57, and CD62L

compared to its CD56dimCD16bright counterpart.

Other research groups, such as those led by SethéB* and Béziat et af?
have previously described related NK cell subsétmugh some have used
inconsistent nomenclature. The CD56dimCD16dim siikiseparticular, has been
shown to have unique functional and developmerttatacteristics, which are often
overlooked when it is either gated out or miscledi within the
CD56dimCD16bright population. Zimmer argues thaandardizing NK cell
nomenclature based on leading immunology reseampg would help improve data

consistency across studies.

It is important to include the CD56dimCD16dim NK llcesubset in
immunological analyses, as it provides valuablégirts into NK cell maturation and
function, particularly in the context of leukemsgiuamous cell carcinomas and other

immune-related disorders.
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THE SIX NK CELL SUBPOPULATIONS PRESENT IN HUMAN

PERIPHERAL BLOOD

CD56

CD16

Figure 2: Dot plot of flow cytometry experiment after pergrhl blood mononuclear
cells been stained with fluorescent anti-CD16 (Mspxand anti-CD56 (Y axis)
antibodies and the monocytes (CD14 B (CD19 ), T (CD3') lymphocytes were
gated out. A)CD56brightCD16,B)CD56brightCD16dim, QGD56dimCD16-,

D)CD56dimCD16dim, E)CD56dimCD16+ ,F)CD56-CD16%.

STIMULATION AND INHIBITION OF NK CELLS:

i) Inhibitory and activatory signals-

Natural killer (NK) cells control their activity iising a combination of
inhibitory and activating signals. In a restingtstanhibitory receptors suppress NK
cell activation, preventing unintended cytotoxicitynlike T cells, NK cells
acknowledge target cells in a manner that is nstricked by MHC molecules. When
encountering cells that express MHC-I, NK cellseiee inhibitory signals that
prevent them from attacking healthy host c#lddowever, under conditions of

cellular stress, infected or malignant cells downiate MHC-I expression, leading to
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a loss of inhibitory signaling and triggering NKllcactivation through the "missing-
self recognition” mechanism. In addition to MHC-dagdent regulation, NK cells use
inhibitory receptors such as NKR-P1B, 2B4, and NREA to identify non-MHC

molecules such as Clrb, CD48, and LLT-1. Otherbnbry receptors include C-type
lectin receptors (CD94/NKG2A/B) and killer cell inumoglobulin-like receptors

(KIRs) like KIR2DL and KIR3DL>*

Emerging research indicates that NK cells also l@klactivating receptors
capable for recognizing both pathogen-derived moéscand self-expressed proteins.
Normally, host cells do not produce pathogen-endodwlecules, a recognition
process referred to as "non-self recognition." @vsely, diseased or transformed
cells may upregulate stress-induced self-protdeeding to "stress-triggered self-
recognition.” Cytotoxicity receptors like NKp30, [#d4, and NKp46, as well as C
type lectin receptors like NKG2E/H, CD94/NKG2C, NRE and NKG2D, are the

activating receptors,

Additionally, stimulatory KIRs such as KIR-2DS aKdR-3DS contribute to
NK cell activation, while inhibitory KIRs, includon KIR-2DL and KIR-3DL, play a
role in suppressing NK function. Ultimately, NK sebetermine their response by
integrating various activating and inhibitory sigmawith the final effect depending

on the specific characteristics of target c&lls.

i) Increase in NK cells inthe tumor microenvironment by regulatory

cytokines:

Contemporary research studies continues to hightigh significance of NK
cells in the primary regulation of viral diseaselsematopoietic stem cell

transplantation (HSCT) outcomes such as enhancaflingy, graft versus tumor
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effects, graft versus host disease and in cancenume surveillance. Various
regulatory cytokines enhance NK cell functions aghitumors. Several cytokines,
including 1L-12, IL-2, IL-18, IL-21, IL-15 and Typeéinterferons, have utilized for in
vitro augmentation and NK cell activation prioradoptive transfet® Notably, naive

NK cells exhibit limited cytotoxicity when stimukd by individual activating

receptors, but cytokine exposure significantly emes their preactivation. IL-12, in
particular, amplifies NK cell receptor signalingydawhen combined with IL-18 and
IL-15, provokes a memory like NK cell population i is able to expand in the
immune-deficient mice treated with exogenous ILt22 is frequently administered
to patients receiving NK cell therapy to supportvivio expansion. While low-dose
IL-2 was handled without adverse effects in clihistudies, no significant clinical

benefits were observed in comparative assessmients.

The individual anti-tumor effects of IL-12 and Il81are restricted, whereas
IL-21 has shown strong potential, especially whemmlsined with monoclonal
antibodies targeting cancer cells. In NK cells, agi¢these cytokines, IL-15 stands
out as the most promising, with ongoing researctouering its signaling process.
However, another study found that IL-15-stimulaftél cells provoked a clinical
response in four out of six pediatric patients wafractory solid tumours. Currently,
IL-15 is being assessed in clinical trials for theatment of both solid tumors and
hematologic malignancié€. A modified IL-15 super agonist, ALT-803
(IL15N72D:IL15RoSu/lgG1l Fc complex), has demonstrated enhancedddiial
activity compared to native IL-15 and is undergodatigical trials as a potential NK
cell activator against metastasis. Additionallyngjc engineering strategies aimed at
ectopic IL-15 expression offer another promisingeraye for boosting NK cell

function. Type | interferons, as proinflammatorytai§ines, takes part in priming NK
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cells for activation through their activating retmps. Collectively, regulatory
cytokines are essential for stimulating NK cellstiimor eradication, with several

cytokine-based NK cell therapies currently beingleated in clinical and preclinical

studies®®

OVERVIEW OF NATURAL KILLER CELL ACTIVITY IN HEAD AN D

NECK SQUAMOUS CELL CARCINOMA (HNSCQ):
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Figure 3: Natural Killer Cells interaction with Tum or Cells
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Malignancies of oral cavity, oropharynx, nasopharynlarynx and
hypopharynx which form the upper aerodigestive tifremgether are categorized as
squamous cell carcinoma of head and neck. The prirmause for HNSCC are
environmental, tobacco usage, alcohol intake asal laigh risk human papillomavirus

(HPV) infection®*

Immune check point inhibitors, which trigger T selio combat recurring
HNSCC cancers, have shown encouraging benefiterme spatients, although they
frequently disappoint in the majority of instancéhis has sparked interest in
studying additional immune effector cells, espdgialatural killer (NK) cells, as

prospective immunotherapy targets.

The secondary lymphoid organs such as tonsilsespknd lymph nodes and
bone marrow are the origins of NK cells, which &@B3CD56 innate lymphoid
cells.?* NK cells exhibit traits of both the innate and piilee immune cells: they can
produce long-lasting "memory-like" or "recall* imme responses even if they do not
go through genetic recombination to produce a wideety of antigen-specific

receptors.

NK cells plays a key role in eliminating virallyfected and transformed cells,
and their cytolytic action is faster than that dhptive lymphocytes, as they do not
rely on in situ licensing. These features of NKIsetake them a promising candidate

for new immunotherapies.
i) Natural Killer Cells interaction with Tumor Cells-

When the total number of activatory signals are anttran the number of
inhibitory signals, NK cells are activated. To iti§n"altered-self" or "missing-self"

protein expression patterns on the tumor cells, tddls utilize a collection of
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germline-encoded receptors. The variety of actiyagmd inhibitory receptors found
on the NK cells makes them potential targets formumotherapy. TGfF

(transforming growth factor beta), TRAIL (tumor mesis factor-related apoptosis-
inducing ligand), Tim-3 (T cell immunoglobulin mweB), HLA (human leukocyte
antigen), IL-10 (interleukin-10), and TIGIT (T cethmunoreceptor with Ig and ITIM

domains) are some of these receptors.
i) NK Cells and Cancer

NK cells are essential for tumor management, adcgrdo a wealth of
evidence. Their role as quick immune effectorsighlighted by the fact that they are
a paramount generator of IFNduring initial immunological response$® By
increasing tumor cells' immunogenicity, IfNMirectly affects them. It also shapes the
immune responses by causing naive CD4+ T cellsifferentiate into Thl cells,
which support cell mediated anticancer respon$&sIFNy also improves the
communication between effector memory CD4+ T celésye effector CD8+ T cells,
and myeloid cells (such as DC and macrophagésYo further boost antitumor
immunity, NK cells also generate chemokines likeLACFIt3L and CCL5, which

recruit naive CD8+ T cells and conventional tygeds (cDC1s).

By releasing cytotoxic granules or expressing deatkeptor ligands like
TNF-related apoptosis inducing ligand and Fas-lijahNK cells can directly destroy
tumor cells in addition to generating cytokines.eThNF family of receptors and
ligands plays a major role in tumor eliminatfGrOne typical mechanism of NK cell
activation in response to malignancies is the lfsmhibitory signals. The surface
MHC repertoire of cells is frequently lost duringral infection or neoplastic
transformation. Although HLA-A, HLA-B, and HLA-C arrequired for CD8+ T cell

activation, they also suppress NK cells by incmegsHLA-E expression and
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inhibiting KIR ligands.Thus, loss of HLA allows NKells to be activated and

eliminates tumor cells, even as it evades adaptiveune responses that rely on

MHC-mediated antigen presentation.

In other words, conditions that activate NK cellaynmot be optimal for CD8+

T cells, and vice versa. Although the actual fremyeof this in vivo is yet unknown,

it has been proposed that NK-mediated tumor erddicanvolves changing or losing

their HLA expression. Loss of HLA alone may not ajw be sufficient for NK cells

to eradicate malignancies, as evidenced by thespemse of some cancers which do

not posses HLA?
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Figure 4: Dynamic Interrelationship of Natural Kill er cells with immune,

Stromal and Tumor microenvironment of head and neckcancer

Within the TME of head and neck cancer, the natkilldr (NK) cell forms

the complex relationships with the tumor, stromahd immune cells which

involves cDC1 (A) Within the TME, NK cells releasgerferon (IFN)-gamma, which

affects surrounding immune cells and tumor cellsntiprove antitumor responses.

Page 19




Review of literature

Additionally, NK cells help cDC1 differentiate anmature within the TME by
recruiting them. (B) The interplay between NK ceds their surrounding cells

regulate the intensity for their activatioh.

E. Zancope et al.investigated the differential infiltration of NKelts and CD8+
cytotoxic T cells in lip and oral squamous cellataoma to assess their role in tumor
progression and prognosis. Using immunohistocheyniste study analyzed these
immune cells in malignant, pre-malignant (leukomalactinic cheilitis), and normal
tissues, correlating their presence with tumor,sizetastasis, and proliferation index
(Cyclin B1 expression). The findings revealed higg®8+ and NK cell infiltration
in LSCC, suggesting a stronger immune responseibating to lower metastasis and
better prognosis. In contrast, metastatic OSCC sborgduced NK cell infiltration,
indicating a potential role in tumor progressioriglier peritumoral CD8+ density
correlated with lower tumor proliferation and impea survival, though not
statistically significant. Additionally, pre-malignt lesions exhibited low immune
cell infiltration, suggesting early immune evasidaring tumorigenesis. The study
highlights the importance of immune profiling inabrcancer and suggests that

enhancing CD8+ and NK cell activity may improve GiS@utcomes.

S. L. Johansson et alinvestigated the impact of smokeless tobacco (@maff) on
natural killer (NK) cell activity in rats. Over &bdweek period, rats exposed to oral
snuff showed a significant reduction in NK cell atgxicity in peripheral blood
compared to controls, with this suppression evidasitearly as four days into
treatment and maintained throughout the study. ®wperiment used YAC-1
lymphoma cells as target cells to measure NK dgtivirough standard cytotoxicity
assays. The results revealed that snuff exposaréolemmunosuppression, likely

diminishing immune surveillance against virus-inéet or transformed cells,
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potentially facilitating the development of orausgnous cell carcinoma. Although no
tumors developed during the 15-week period, previoresearch indicates
malignancies often arise after 35 weeks or morexpbsure. The study emphasized
the immune-suppressive effect of tobacco-specifimsamines found in snuff and
suggesting that this suppression of NK cell agtivaibuld contribute to increased

susceptibility to oral cancers.

Janis V. de la Iglesia et al.studied the impact of smoking tobacco on TME in
patients with HNSCC). In a cohort of 177 HPV-negatHNSCC patients, the authors
analyzed tumor samples for immune markers (CD3,,G128XP3, PD-1, PD-L1) and
conducted RNA and whole-exome sequencing. The rfgediindicated that, in
comparison to former and never-smokers, current kenso had significantly
lesser infiltration levels of CD8+ cytotoxic T cedind PD-L1 expression in tumor
areas. Importantly, interferon-alpha (IF)l-and interferon-gamma (IF)- signaling
pathways were downregulated in current smokers)gaside reduced expression of
CXCR3 chemokines (CXCL9, CXCL10, CXCL11), which amtical for immune
cell migration to tumors. These immunosuppressivenges correlated with poorer
survival outcomes and may explain the reduced respmf smokers to immune
checkpoint inhibitors, such as anti-PD-1 therapiE$e study concludes that active
tobacco use induces immunosuppression in HNSCCgestigg that smoking

cessation could improve immune response and treatafiicacy in these patients.

Rochefort J et al.carried out a study to identify immune biomarker©SCC based

on cigarette smoking and alcohol drinking statusnparing smoker-drinker (SD)
patients with non-smoker, non-drinker (NSND) patsehe study analyzed immune
cells found in the TME and peripheral blood usilay/fcytometry and measured the

levels of cytokine in tumor supernatants and sBesults showed that SD patients
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had higher levels of monocytes-macrophages, CD4<€ells and granulocytes
expressing CCR6 and CD45RO0, while NSND patientsbéeld increased CD8+ T
cells, correlating with better disease-free suivialditionally, elevated IL-6 levels
in SD patients' sera and tumor supernatants ireticat pro-inflammatory TME
associated with poorer prognosis. SurprisinglygTeells in SD patients were linked
to better outcomes (p = 0.05), possibly due tortheti-inflammatory effects. The
study suggests that CD45RO+CCR6+CD4+ T cells aadujocytes could serve as
negative prognostic markers, while higher CD8+ T legels in NSND patients may
indicate better prognosis. These findings emphasieerole of immune profiling in
OSCC prognosis and highlights the need for persmedlimmunotherapy strategies

targeting distinct immune alterations in SD and NSpatients’’

Alexis Desrichard et al.explored tobacco-induced genetic mutations andunen
changes affect tumour behaviour and response taumotherapy in HNSCC and in
lung squamous cell carcinoma (LUSC). Using gencamid transcriptomic data from
The Cancer Genome Atlas (TCGA) and independenséttathe study found that a
higher tobacco mutational signature correlated witbreased tumor mutational
burden in both cancer types. However, tobacco'saathmn the tumor immune
microenvironment varied: in HNSC, it led to immuoppression (reduced immune
infiltration, IFN-y signaling, and cytolytic activity), while in LUSG{ promoted a
pro-inflammatory environment. Smoking-high HNSC tmsywere linked with poor
survival and lesser response rates to immune clatkmhibitors, unlike LUSC

tumors, which showed better immunotherapy outcoffies.
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INTERLINKAGE OF IMMUNE SYSTEM AND TUMOUR CELLS IN T HE

TUMOUR MICROENVIRONMENT (TME):

Tumor cells in the TME induce nearby cells to reeaarious cytokines and
chemokines, creating significant challenges in gampOSCC. Understanding these
interactions can improve prognosis assessment dmefagy development.
Macrophages, particularly tumor-associated macrgphad TAMs), play a MAJOR
role in carcinogenesis. TAMs are categorized intb (@lassically activated) and M2
(alternatively activated) subtypes. They secretekiges like TGF81, IL-8, TNF-,

VEGF, EGF, and MMP, which are crucial for tumorigeis‘.1

NK cells are cytotoxic effectors in targeting pgodifferentiated tumors and
cancer stem cells. They use cytokines like KMnd TNFe to mediate direct
cytotoxicity or antibody-dependent cellular cytatwty (ADCC). The NK cells are
divided into CD56dimCD16+ and CD56brightCD46 subsets, with CD16 receptor
activation driving cytokine secretion. Taghavi dt ased CD57 as a marker to

evaluate the prognostic value of activated NK dell®SCC3132

Dendritic cells (DCs), though rare in tumors, pay essential role in antigen
presentation. They out forward the tumor-associaaatigens present on MHC
molecules and regulate T cell responses througimoalstion. DCs are classified into
myeloid (mDC) and plasmacytoid (pDC) subtypes. ghanhal. linked high salivary
IL-6 levels in oral cancer patients to DC immunadehcy, while Xiao et al.
associated CD103+ DCs with favorable prognosis.v€rsely, Han et al. observed
that the TNFe/NF-«B/CXCR-4 pathway drives OSCC multiplication and its

invasion, correlating with increased pDC infilteati®®=>°
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The adaptive immune system is negatively reguldgdegulatory T cells
(Tregs), which produce TGE:-retinoic acid, and IL-2. Thymus-derived (tTregsid
periphery-derived (pTregs) subsets of Tregs arendisished. FOXP3 expression is
essential for Treg function. Studies show CCR6+g3rare recruited in OSCC via the
CCL20/CCR6 axis, contributing to tumor progressiédwgarwal et al. observed
altered IL-2, IL-10, and IL-35 expression in CD4+fEB+ Tregs in OSCC

patients’®3?
Additional interactions within the TME include:

« High endothelial venules, associated with increa8B@+ T cells, CD20+ B

cells, and chemokine levels (CX&_CCL21) but reduced CCL20.
« Carcinoma-associated fibroblast (CAF) activaticm TiGF$ from tumor cells.

« ECM molecules like tenascin-C influencing CD11c+ aloyd cells and

lymphatic endothelial cells through integrins.
+ Elevated IL-B, VEGF, and IL-17 secretion by blood neutrophils.

These interactions underscore the complexity ofQB€C TME and highlight

targets for therapeutic interventichs.
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ACTION OF IMMUNE SYSTEM IN CANCER INITIATION AND
CARCINOGENESIS:
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Figure 5: Role of the immune system in carcinogenissand cancer initiation
Immunoediting in Oral cancer- The components of immune system plays a dual
role in cancer, by supporting and restraining tumpargression, making it a two-
edged sword in cancer therapy. Cancer immunoedifing notion that has grown
dramatically over the last few decades, with an s on understanding how
immune cells aid in cancer formation and how imnbampy can reverse this
process. Cancer immunoediting is often separated #hree steps. Cancer
immunosurveillance, also known as the eliminatidrage, is a phase where the
immune system targets and eliminates tumour cEiis process begins when tumor-

specific and tumor-associated antigens are genktate
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IMMUNOPROFILING OF ORAL CANCER:

The American Joint Committee on Cancer (AJCC) distadd significant
updates to oral cancer staging in the "Head andk’'Nsection of its 8th edition
Staging Manuaf® However, tumors within the same stage often ekhiierogeneity
in their response to therapy and aggressivenessfoFerasting disease progression
and overall survival, immunological contexture nisy used into staging methods to

yield insights that are on par with or even bettian traditional TNM stagindf

The significance of identifying biological molecsleassociated with risk
assessment, cancer formation, recurrence predictiovasion, prognosis and
metastasis is underscored by molecular and genieaiares of oral cancer as well as
immune system's infiltration. These factors areoalkey determinants of
immunotherapeutic responses. Immune profiling i@aarly significant as patients

from different molecular subgroups may show varyiegponses to treatments.

\ // \‘ ™ -
[ R Samples ) Clnical use

e v :“;-" nuu. Penphenl ) }. Identify patients for immunotherapy ‘
3 specimens / |
\ \
\ \ Predict responsel prognosis to therapy }

7 saiva sk oo | Recognize mechanism to

el resistance/adverse events
-* Gut & Onal \ \
\ nucmum — —

Biomarkers ' )

L ) Establish effective combination ‘
therapies |

\L Genomic profiling ) /\

Figure 6: Various samples and clinical use of immum profiling in cancers

including OSCC
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Technological advancements have transformed imnpnoéling, moving
from single-marker analysis through immunohistociseiy (IHC) to large-scale

investigation of immune-related genes via sequencin

TECHNIQUES EMPLOYED IN IMMUNOPROFILING:

The two main categories of immune profiling teclugiés are proteomic-
based and transcriptomic-based methods. The ioyrichimmunological phenotypes
and immune heterogeneity were difficult for convemal techniques like
immunohistochemistry (IHC) and fluorescent-baseaftytometry to capture. High-
dimensional technologies including mass cytometmultiplex IHC (mIHC),
NanoString nCounter, single-cell sequencing, and-generation sequencing (NGS)

have overcome these drawbadks.

NGS encompasses techniques like whole-exome seque(\iEg), whole-
genome sequencing (WGS), miRNA profiling, T-ceteptor (TCR) sequencing and
RNA sequencing enabling detailed genomic & epigenstudies. For instance,
Goertzen et al. used NGS to identify genes involuedheutrophil recruitment,
invadopodia formation, and invasion in TNF-trea@8CC cells. Meanwhile, single-
cell genomic techniqueshough promising for high-resolution cancer analyai the

cellular level, remain in early stages and reqturther optimization.

mIHC, on the other hand, allows simultaneous identifocatof multiple
markers present on a single section of tissue. &ia. leveraged mIHC for PD-L1
expression, tumor-infiltrating lymphocytes (TILsnd immune cells like FOXP3+

Tregs and CD8+ T cells in the TME of diseases G&CC?°
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Additionally, mass cytometry along with its integration with flow cytometry
(CyTOF), and mass cytometry-based mIHC have proegtective in providing

comprehensive immunoprofiling, especially in canesearch.

CLINICAL APPLICATIONS OF IMMUNOPROFILING:
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Figure 7: Methods used in Immunoprofiling

Tumor microenvironment (TME) usually determines ilmnune response to
a tumor. Important information on tumor prognosespecially in regard to
immunotherapy, can be obtained by examining thespanses using biomarkers,
genomic profiling, and cutting-edge technologyclimical settings, immune profiling
makes it possible to choose individuals who aretriksly to gain advantages from

immunotherapeutic therapies.

For instance, immunotherapies that target PD-1 imdigand (PD-L1) are
essential in the treatment of OSCC and other HNS&Research is currently being

carried to assess the treatment efficacy of PDellRiD-L1 as biomarkers in HNSCC.

In one study, Foy et al. used immunohistochemi@tiC) for markers such

CD4, IDO1, CD3, PD-L1, and CD8, as well as genomiwalysis and protein
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expression to investigate the immune milieu in Hgative OSCC in nonsmokers
and nondrinkers. The results validated the use nminunotherapy, specifically

pembrolizumab targeting PD-L1 and ID¢.

In a similar vein, Shayan et al. showed that a PiDklbitor in conjunction
with the toll-like receptor agonist motolimod (TLR&nd the anti-EGFR antibody
cetuximab could improve antitumor responses in HNSThe overexpression of T-
cell immunoglobulin and mucin domain-3 (Tim-3) waése cause of adaptive
resistance to anti-PD-1 therapy, according to fedift study conducted by the same
group® These results emphasize the significance of ifjémgi and selecting suitable
patients for immunotherapy. Immune profiling iseigtal to predicting therapeutic
responses, understanding resistance mechanismdeaigything effective combination

therapies tailored to individual patient needs.
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MATERIALS AND METHODS

Ethical approval-

Ethical approval for the study was taken from thstitutional ethical review

committee. Ethical clearance was acquired withraleee number 1661. (Annexure 2)
Sample size estimation-

75 patients aged 18-65 years were included inttigy's

Sample size was estimated based on following faxmul

N= (Zi-w2+Z1-p) % (SD1*+SD,)°

% X2)

Where, % = 30.64 [ x=6.47, SR =31.15, SR=3.97, 4-»= 1.96, 43 = 1.64

Sample Size calculated = 22; Final Sample Sizededr 25 (each group)

So, Total Sample Size = 75 (3 groups)

* 25 Normal (healthy) individuals without any tobadwbit (smoked or chewed
form) and systemic illness formed Group 1

» 25 tobacco chewers (15 with clinically visible onabtentially malignant
disorders-group 2a and 15 without any visible guatentially malignant
disorder-group 2b) formed Group 2

» 25 oral squamous cell carcinoma patients (clinycathd histopathologically

confirmed) formed Group 3

All individuals included were as per set inclusiand exclusion criteria.

Following were the inclusion and exclusion criteria
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Inclusion criteria;

* Individuals without any tobacco habits who are il to participate (For
group 1)

» Tobacco chewers (For group 2)

« Clinically and histopathologically confirmed orafjimmous cell carcinoma

patients (For group 3)

Exclusion criteria:

» Those taking medication for any systemic illnesses.
» Congenital/ acquired immunodeficiency states.
* Women during menstrual period or pregnancy anchiexat.

* Those under prolonged antibiotics.

Case selection-

After obtaining the institutional ethical clearanihe study was conducted on
the outpatients reporting to KAHER'S K.L.E V. K litate of Dental Sciences,
Belagavi and KLE Dr. Sampath Kumar Shivanagi Caridespital, Belagavi. Oral
screening was performed for all normal healthy vithlials, tobacco chewers and

OSCC patients.

Written informed consent were obtained from all thdividuals included in the
control and study groups. Complete case historyd®ed- Demographic data for age,
sex, habit history, duration and frequency of hafmiédical history, duration of the

oral potentially malignant lesion and oral squamoelscarcinoma.
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Materials:

5 ml syringe Tryphan blue

Vials containing coverslip
ethylenediaminetetraacetic acid (EDTA)

Tourniquet Refrigerator
Sterile cotton Incubator
Surgical gloves, Face masks DX Flex 2 laser 8 color Beckman

coulter flow cytometer

Conical centrifuge tubes CD3 fluorochrome marker
Micropipette CD8 fluorochrome marker
Neubaur chamber CD56 fluorochrome marker
METHODOLOGY

Blood Sample collection-

The venepuncture site was cleaned with 70% alcétowh the centre to
periphery and allowed to dry for 30 seconds. Ti2eh,ml fresh peripheral blood was

collected in an anticoagulated tube (EDTA or hapaed).

The samples were immediately shifted to Dr. Prabh#lore’s Basic Science

Research Centre, Belagavi for further processing.

Lymphocyte Isolation-

3—4 mL of HiSep solution was carefully pipettedtta¢ bottom of a 15 mL
centrifuge tube, followed by the slow layering of86mL of diluted blood on top
without mixing. The tube was slightly tilted whildispensing to maintain proper

layering. The sample was then centrifuged at 400-5@ for 25-30 minutes at room
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temperature without brake, ensuring the formatibdistinct layers. The plasma and
platelets formed the top layer. The mononucleas €&IBMCs) appeared as a white
ring at the interface, and the bottom layer coedisif RBCs and granulocytes. The
PBMC layer was carefully aspirated using a pipatid transferred to a new tube for
further processing. To remove residual HiSep, tB&ME suspension was washed
with 10 mL of PBS and centrifuged at 300 x g forrhlhutes at room temperature,
followed by two additional washes. The final suspen was prepared in PBS for cell

counting.

Cell counting and Viability Check-

Cell viability was checked by mixing 10 pL of celispension with Trypan
Blue and counting with a cell counter. It was ersguthat at least 90% of the cells
were viable for optimal results and the cells wengpreserved. The readings of all

samples were noted down.

Cryopreservation-

PBMCs were resuspended in freezing medium (90% #B9% DMSO) at
1-10 x 10 cells/mL, aliquoted into cryovials, and placedir80°C freezer overnight
in a controlled-rate freezing container and weterldaransferred to liquid nitrogen

until further analysis.

The cells were further subjected to flowcytometry.
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FLOW CYTOMETRY ANALYSIS-

Designing the colour conjugation to the antibodies.

Antibody staining in flow cytometry relies on theeuof colour-conjugated
fluorochrome-labelled antibodies that bind speaificto cell surface markers. These
fluorochromes emit light at distinct wavelength®npexcitation by a laser, enabling
the simultaneous identification and analysis of tipld cell populations. Each
fluorochrome possesses unique excitation and esnisgectra, making it crucial to
select fluorochromes compatible with the instrurieefdsers and detectors while

minimizing spectral overlap.

In this study, using the Beckman Coulter DxFlexwfloytometer equipped
with blue and red lasers, three fluorochromes warmloyed: FITC (Fluorescein
isothiocyanate), PE (Phycoerythrin), and APC (Afippocyanin). These
fluorochromes were conjugated to monoclonal anigmdpecific to distinct cellular
antigens. The selection of fluorochromes was bamedkey parameters including
brightness, photostability, and minimal fluoreseespillover into adjacent detection

channels.

To correct for spectral overlap and fluorescendbospr, compensation was
applied. Compensation adjusts for emission signaterference between
fluorochromes with overlapping spectra. The flowtoryeter utilized multiple
lasers—blue (488 nm), red (633 nm), and violet (40B)—to excite different

fluorochromes, allowing for multiparameter analysi€omplex cellular populations.
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Thawing Cryopreserved PBMCs-

Cryopreserved PBMCs were thawed while maintainirgh hviability. Pre-
warmed RPMI-1640 (or complete medium) was used,th@adrozen vial was quickly
taken out from liquid nitrogen and placed in a 3%%&ter bath, gently swirled until
only a small ice pellet remained. To minimize osmahock, thawed cells were
transferred dropwise into a 15 mL tube containifgriL of pre-warmed media while

swirling.

The cells were then centrifuged at 300 x g for Bidutes at 4°C to remove
DMSO, after which the supernatant was aspirated,the pellet was resuspended in
fresh medium. Trypan Blue was used to assess ieddility, and the suspension was
adjusted to 1-2 x *Ocells/mL in staining buffer, keeping the sample ioa. .
Following cell counting, the viable cells were digd into two portions, each
containing approximately 1 x 1@ells/mL. One portion was reserved as the unsfaine

control, while the other portion was used for stagrwith secondary antibodies.

Surface staining for flow cytometry-

Approximately 100-200 pL (~1xtCells) were transferred into individual
FACS tubes or wells, with an optional Fc receptlarcking step for monocytes to
prevent non-specific binding. Followed by adding thul of FITC anti-human CD3,
5 pl of PE anti-human CD56 and, 5 pl of APC anturdan CD16 secondary
antibodies, gently mixed, and incubated for 30 rt@suat 4°C in the dark. After
incubation, the cells were washed twice with 2 nidSRand centrifuged at 300 x g for

5 minutes, then resuspended in FACS buffer.
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Compensation of antibodies-

In flow cytometry, compensation is essential to aéxéhe spectral overlap
between different fluorochromes. Although eachrtwhirome is excited by a specific
laser and emits light at a characteristic wavelgngbme degree of emission can be
detected in adjacent channels, leading to fluoreszepill over.

In this study, the fluorochromes used — FITC (f@3}, PE (for CD56), and
APC (for CD16) — have overlapping emission specltaerefore, compensation was
performed to accurately separate the signals asdrenmeliable identification of each
cell population.

Compensation controls were prepared by staininglesistained samples for
each fluorochrome-conjugated antibody individuallzese controls allowed the flow
cytometer (Beckman Coulter DxFlex) to mathematycalibtract the spill over from
neighbouring channels and correctly assign flu@ese intensity to the appropriate
detector.

Accurate compensation ensured that the fluoresceneasured in each
channel truly represented the specific marker esgio@ without interference from

other fluorochromes, enabling precise multiparaimetnalysis of NK cell subsets.
Flow cytometry acquisition and analysis-

The process involved first running unstained anaglsistained controls,
followed by singlets gating to exclude doublet £elThe gating strategy consisted of
defining lymphocytes based on FSC vs. SSC, exajudead cells with viability dye,
and identifying NK cell populations as CIID56" or CD3CD16". Subsets included
cytotoxic NK cells (CD56CD16), cytokine producing NK cells (CD56D16), and
NKT like cells (CD3CD56) which were excluded from pure NK analysis. The

readings were analysed using software.
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-

Picture 2: HiSep solution carefully pipetted at thebottom of a 15 mL centrifuge

tube
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Picture 3a and 3B: The tube was slightly tilted wHe dispensing to maintain
proper layering and slow layering of 6-8 mL of dilued blood was done on top

without mixing.

Picture 4a and 4b: Centrifuged at 400-500 x g for32-30 minutes at room

temperature without brake
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Picture 5: Plasma and platelets formed the top layeand mononuclear cells
(PBMCs) appeared as a white ring at the interfaceand the bottom layer

consisted of RBCs and granulocytes

BLUE STAR[Thg|

MICROSCOPI
COVER GLASS

18mm [] 10Gms
NO.1
ENGLISH GLASS

Picture 6: Cell counting materials (Neubauer chambe tryphan blue, Coverslip)
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Picture 8a and 8b : -88C refrigerator and Liquid nitrogen can
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;

Picture 9 :DX Flex 2 laser 8 color Beckman coulteflow cytometer
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Results

RESULTS

Tablel: Baseline characteristics of study populatio

Healthy Tobacco Tobacco OSsCC
Individuals Chewers Chewers with patients
(n= 25) without lesion lesion (n=25)
(n=12) (n=13)
AGE (Mean+ SD) | 42.36 £10.5 45+11.8 45 £ 9.47 53.2+8.03
SEX
Male 11 (44%) 10 (83%) 8 (61.5%) 20 (80%)
Female 14 (56%) 2 (16%) 5 (38.4%) 5 (20%)
TYPE OF HABIT
Smokeless Tobaccg 8 (66%) 8 (61.5% 15 (60%
Pan , Supari 4 (33%) 5 (38.4%) 10 (40%)
FREQUENCY
1-3 times/day 3 (25%) 3 (23%) 8 (32%)
4-6 times/day 9 (75%) 10 (76.9%) 17 (68%)
DURATION OF HABIT
<10 years 1 (8.3%) 2 (15.3 %) -
10-20 years 4 (33%) 4 (30.7%) 6 (24%)
21-30 years 7 (58%) 5 (38.4%) 10 (40%)
31-40 years - 1 (7.6%) 7 (28%)
>40 years - 1 (7.6%) 2 (8%)
TYPE OF LESION
Leukoplakia 7 (53.8%)
Erythroplakia 2 (15.3%)
OSMF 1 (7.6%)
Tobacco Pouch 3 (23%)
Keratosis
SITE OF LESION
Buccal Mucosa 10 (76.9%) 14 (56%)
Vestibule 3 (23%) -
Alveolus - 4 (16%)
Tongue - 3 (12%)
Lip - 2 (8%)
RMT - 2 (8%)
DURATION OF THE LESION
<4 years 4 (30%) 20 (80%)
>4 years 8 (61.5%) 5 (20%)
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The study included a total of 75 subjects dividetb ithree groups: Healthy
individuals (n = 25), tobacco chewers (n = 25), gadients histopathologically
diagnosed with OSCC (n = 25). Among the healthyividdals, the mean age of
participants were 42.36 + 10.5 years. Among tobacitewers the mean age of

participants were 45 + 10.42 and in OSCC patientss 53.2 + 8.03 years.

In terms of sex distribution, healthy group had Males and 14 females,
tobacco chewers group had 18 males and 7 femaldsD&CC group had 20 males

and 5 females.

Among the tobacco chewers 13 individuals had wsitial lesions and 12

were without any visible lesion.

66% of the individuals with habit, 61.5% of indivials with habit and lesion,
and 60% of OSCC patients had smokeless tobaccoimtpdabit. The rest used pan

and supari along with tobacco.

Among chewers without lesions 75% and chewers \eisions 76.9% , and
68% in the OSCC group, reported to use tobaccdidhés/day. A smaller percentage

used tobacco 1-3 times per day (25%, 23%, and B2pectively).

The habit duration of 21-30 years was observed3i Bf chewers without
lesions, 38.4% of chewers with lesions, and 40%$CC patients. A duration of 10—
20 years was reported by 33% of chewers withouoress 30.7% of chewers with
lesions, and 24% of OSCC patients. Additionallgusation of 31-40 years was seen

in 28% of OSCC patients.
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The most common lesion type that the tobacco clewsrsented with was
leukoplakia (53.8%), followed by tobacco pouch kess (23%), erythroplakia

(15.3%), and oral submucous fibrosis (OSMF) (7.6%).

The most common lesion site in tobacco chewers pgnvas the buccal
mucosa (76.9%), followed by the vestibule (23%). ok OSCC patients, lesions
were most frequently located on the buccal mucbéé&o], followed by the alveolus

(16%), tongue (12%), lip (8%), and retromolar trigd RMT) (8%).

Majority of lesions in the OSCC group were reportedhave been present for
less than 4 years (80%), while in the tobacco chewsth lesions group, most had

lesions for more than 4 years (61.5%).(Tablel)

Immunoprofiling was carried out in all 75 partiaigs of all groups using

flow cytometry. The data were evaluated using SPSS™

To evaluate the normality of NK cell distributioomang the three groups,

Shapiro-Wilk test was applied.
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Table 2: Table shows normality of all parameters amng three groups (Normal

individuals, Tobacco chewers and OSCC cases)

Parameters (% parent)| Groups | Shapiro-Wilk df P-value

NK cells Normal 0.9110 25 0.0330*
Tobacco 0.8560 25 0.0020*

OSCC 0.8200 25 0.0010*

CD16+CD56+ Normal 0.9650 25 0.5260
Tobacco 0.9090 25 0.0280*

OSscCC 0.9410 25 0.1560

CD56+ Normal 0.9630 25 0.4830
Tobacco 0.9800 25 0.8790

OSCC 0.7540 25 0.0352*

CD16+ Normal 0.7490 25 0.0001*
Tobacco 0.8290 25 0.0010*

OSscCC 0.7580 25 0.0001*

*p<0.05

NK cells (% parent) percentage showed a non-nordistribution in all
groups, with p-values of 0.033 (normal), 0.002 @oip), and 0.001 (OSCCQC),

respectively.
CD16 values were not normally distributed across amygr(p < 0.001 for all).

For CD16CD56, the normal and OSCC groups showed a normal loligitoin

(p = 0.526 and 0.156), while the tobacco groupndid(p = 0.028).
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In the case of CD56 the normal (p = 0.483) and tobacco (p = 0.8%8ugs
displayed normality, but the OSCC group showed aiatien from normal

distribution (p = 0.0352). (Table 2)

Based on these outcomes, non-parametric statigesté were chosen for

further analysis.

To assess differences in NK cell levels among ttoeigs, a Kruskal-Wallis

test was conducted.

Table 3: Table shows the Comparison of parent NK dis among the Normal
individuals, Tobacco chewers and OSCC cases.

Group Mean SD Median IQR
Normal group 3.85 2.99 2.81 2.08
Tobacco group 3.69 3.34 2.65 1.91

OSCC group 4.57 4.19 251 3.03
H-value 0.4012
P-value 0.8182

.Descriptive statistics for NK cell percentages presented in Table 3. The
mean NK cell percentages in the normal, tobaccd, @S8CC groups were 3.85%,
3.69%, and 4.57%, respectively, while the corredpanmedian values were 2.81%,
2.65%, and 2.51%. The interquartile ranges (IQR)ew&08 for the normal group,
1.91 for the tobacco group, and 3.03 for the OS@@Qm The test yielded an H-value
of 0.4012 and a p-value of 0.8182, indicating ratistically significant difference in

NK cell percentages among the three groups.

Pair wise comparison between the groups was doméamn Whitney U test.
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Table 4: Table shows pair wise comparison of thregroups (Normal, Tobacco
and OSCC) with NK cells (% parent)

Group Mean SD | Median| IQR | Mean| U-value | Z-value | p-value
rank

Normal 3.85 2.99 2.81 2.08 26.44

group

Tobacco 3.69 3.34 2.65 1.91 2456  289.00 0.4463  0.6554

group

Normal 3.85 2.99 2.81 2.08 25.46

group

OSCC group | 4.57 4.19 2.51 3.03 2554 31150 -0.0097 0.9923

Tobacco 3.69 3.34 2.65 1.91 24.20

group

OSCC group | 4.57 4.19 2.51 3.03 26.80 280.00 -0.6209 0.5347

Bar graph 1: Bar graph shows comparison of three grups (Normal, Tobacco

and OSCC) with NK cells (% parent)

10.00
9.00
8.00
7.00
6.00
5.00

Mean+/-SL

4.00
3.00
2.00
1.00

0.00

Normal group

Tobacco group

OSCC group
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When comparing normal individuals and tobacco chiswhe mean ranks
were 26.44 and 24.56, respectively, with a U-valu289.00 and @-value 0f0.6554
indicating no statistically significant differencA. comparison between the normal
and OSCC groups showed nearly identical mean ré2tkd6 and 25.54), with a U-
value of 311.50 and a p-value of 0.992850 not statistically significant. Similarly,
the comparison between tobacco chewers and OSGéhisatevealed mean ranks of
24.20 and 26.80, respectively, with a U-value 00.28 and a p-value of 0.5347
again showing no significant difference (Table 4l digure 1). Further, among the
total NK cell (% parent) the values were tabulated CD56+, CD16+ and both

CD56+CD16+.

Table 5: Table shows the Comparison of parent CD163D56+ NK cells among

the Normal individuals, Tobacco chewers and OSCC sas.

Group Mean SD Median IQR
Normal group 28.26 15.00 26.83 9.82
Tobacco group 23.14 18.50 18.37 13.51

OSCC group 21.12 16.06 18.18 10.73
H-value 2.6444
P-value 0.2665

The distribution of CD16&D56" (% parent) NK cells was analyzed among
normal individuals, tobacco chewers, and patients wral squamous cell carcinoma
(OSCC). The mean percentage of CBIB56' cells was highest in the normal group
(28.26+ 15.00), followed by the tobacco group (23#1#8.50), and lowest in the

OSCC group (21.1216.06). Median values mirrored this trend: 26.83%smormal

Page 50



Results

individuals, 18.37% in tobacco users, and 18.18%W3CC patients. The interquartile

ranges (IQR) were 9.82, 13.51, and 10.73 for threnaf tobacco, and OSCC groups,

respectively, indicating higher variability in tatwza users. The test yielded an H-

value of 2.6444 with a p-value of 0.2665, suggestimat the differences observed

were not statistically significant.

Table 6: Table shows pair wise comparison of thregroups (Normal, Tobacco

and OSCC) with CD16+CD56+ (% Parent) cells

Group Mean SD Median| IQR | Mean | U-value Z- p-
rank value | value

Normal | 28.26 | 15.00 26.83 9.82 27.9

group

Tobacco | 23.14 | 18.50 18.37| 13.51 23.0 252.00 1.1642 0.2

group

Normal | 28.26 | 15.00 26.83 9.82 28.7

group

OsccC 21.12 | 16.06 18.18| 10.73 22.2 231.00 1.5Y16 0.1

group

Tobacco | 23.14 | 18.50 18.37| 13.51 26.04

group

OsccC 21.12 | 16.06 18.18| 10.73 2496 299.00 0.2522 0.8

group
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Bar graph 2: Bar graph shows comparison of three grups (Normal, Tobacco
and OSCC) with CD16+CD56+ (% Parent) cells

50.00
45.00
40.00
35.00
30.00 28.26

25.007 23.14 21.12

Mean+/-SD

20.00

15.00
10.00

5.00 7

0.00
Normal group Tobacco group OSCC group

Further pairwise comparisons using the Mann-Whitbletest revealed similar non-
significant findings:
+ Between normal and tobacco groups, the mean raeks 27.92 and 23.08,
with a U-value of 252.00, Z = 1.1642, and p = 0244
+ Between normal and OSCC groups, the mean ranks 2&i& and 22.24,
with a U-value of 231.00, Z = 1.5716, and p = 0116
+ Between tobacco and OSCC groups, the mean ranks 2604 and 24.96,

with a U-value of 299.00, Z = 0.2522, and p = 0800

Although numerically the percentage of CDEB56" NK cells appears
reduced in tobacco users and OSCC patients compareealthy individuals, these
differences were not statistically significant hist study. This trend, however, may
indicate a gradual decline in functional NK cellpptations in association with

tobacco exposure and malignant transformation.
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Table 7: Table shows the Comparison of parent CD56MK cells among the

Normal individuals, Tobacco chewers and OSCC cases

Group Mean SD Median IQR
Normal group 36.74 18.95 33.81 12.22
Tobacco group 35.83 19.10 33.77 14.21

OSCC group 39.16 19.81 38.18 8.83
H-value 0.5041
P-value 0.7772

The percentage of CD5% parent)NK cells was evaluated across the
normal, tobacco, and OSCC groups using both dds@&ipnd inferential statistics.
The mean values were 36.74% for the normal gro6@3% for tobacco users, and
39.16% for OSCC patients. Tineedian valuesvere similar, at 33.81%, 33.77%, and
38.18%, respectively. Thaterquartile range (IQRWas highest in the tobacco group
(14.21), followed by the normal group (12.22), dmtest in the OSCC group (8.83),
indicating relatively tighter data spread in OSGGSes. The test yielded an H-value of
0.5041and ap-value of 0.7772indicating no statistically significant differende

CD56" NK cell percentages across the three groups.
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Table 8: Table shows pair wise comparison of thregroups
(Normal, Tobacco and OSCC) with CD56+ (% Parent) dés

Group Mean SD | Median| IQR | Mean | U-value | Z-value | p-value
rank

Normal 36.74 | 18.95 33.81 12.22 25.70
group

Tobacco | 35.83 | 19.10 33.77 14.21 25.30 307.50 0.0873 0.93804
group

Normal 36.74 | 18.95 33.81 12.22 24.20
group

0OSsCC 39.16 | 19.81 38.18 8.83 26.8D 280.00 -0.6209 0.5847
group

Tobacco | 35.83 | 19.10 33.77 14.21 24.28
group

0OSsCC 39.16 | 19.81 38.18 8.83 26.72 282.00 -0.5821 0.5605
group

Bar graph 3: Bar graph shows comparison of three grups

(Normal, Tobacco and OSCC) with CD56+ (% Parent) dés

70.00

60.00

50.00

39.16
40.007 36.74

35.83

Mean+/-SD
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0.00
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Further pairwise comparisons using the Mann-Whitri¢ytest also showed no

significant differences:

+ Between normal and tobacco groufis®e mean ranks were 25.70 and 25.30,

with a U-value of 307.50, Z = 0.0873, and p = 04230

+ Between normal and OSCC groups, the mean ranks 229 and 26.80,

with a U-value of 280.00, Z = -0.6209, and p = @53

+ Between tobacco and OSCC groups, the mean ranks 2428 and 26.72,

with a U-value of 282.0 = -0.5821, and p = 0.5605.

Although the OSCC group showed a slightly higherameand median CD56
expression compared to the other groups, theserelif€tes were not statistically
significant The findings suggest that the percentage of CD®¥& cells remains

relatively consistent among healthy individualdaoco chewers, and OSCC patients

within the context of this study.

Table 9: Table shows the Comparison of parent CD16MK cells among the

Normal individuals, Tobacco chewers and OSCC cases.

Group Mean SD Median IQR
Normal group 24.64 26.68 13.82 10.43
Tobacco group 19.33 20.30 13.51 7.75
OSCC group 22.68 22.71 13.21 10.34

H-value 0.6658
P-value 0.7169
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The distribution of CD16+ % parent cells was conegaamong three groups:

Normal, Tobacco users, and patients with Oral SquesnCell Carcinoma (OSCC).

Using the Kruskal-Wallis ANOVA test, the mean periage of CD16+ cells was

observed to be highest in the Normal group (Me&464%, SD = 26.68), followed

by the OSCC group (Mean = 22.68%, SD = 22.71),langst in the Tobacco group

(Mean = 19.33%, SD = 20.30). The median values welatively similar across

groups: 13.82% in the Normal group, 13.51% in tledacco group, and 13.21% in

the OSCC group. The interquartile range (IQR) wag3 for the Normal group, 7.75

for the Tobacco group, and 10.34 for the OSCC grdtpe Kruskal-Wallis test

yielded an H-value of 0.6658 and a correspondinglpe of 0.7169, indicating that

there was no statistically significant differenceGD16+ % parent cell distribution

among the three groups.

Table 10: Table shows pair wise comparison of thregroups (Normal, Tobacco

and OSCC) with CD16+ (% Parent) cells

Group Mean | SD | Median| IQR | Mean U- Z-value | p-value
rank | value
Normal group | 24.64 | 26.68 13.82 | 10.43 27.04
Tobacco group | 19.33 | 20.30 13.51 | 7.75| 23.96 274.00 0.7373 0.4609
Normal group | 24.64 | 26.68 13.82 | 10.43 25.08
OSCCgroup | 22.68 | 22.71] 13.21 | 10.34 25.92 | 302.00] -0.1940 0.8462
Tobacco group | 19.33 | 20.30 13.51 | 7.75| 24.14
OSCCgroup | 22.68 | 22.7] 13.21 | 10.34 26.84 | 279.00] -0.6408 0.5220
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Bar graph 4: Bar graph shows comparison of three grups (Normal, Tobacco

and OSCC) with CD16+ (% Parent) cells
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Further, pairwise comparisons using the Mann-Whitid test were
conducted. Between the Normal and Tobacco grotpsUtvalue was 274.00 with a
Z-value of 0.7373 and a p-value of 0.4609. The nmreak was 27.04 for the Normal
group and 23.96 for the Tobacco group. CompariegNbrmal and OSCC groups,
the U-value was 302.00, Z-value was -0.1940, amdlpe was 0.8462; with mean
ranks of 25.08 and 25.92, respectively. BetweenTihigacco and OSCC groups, the
U-value was 279.00, Z-value was -0.6403, and pevalas 0.5220. The mean ranks
were 24.16 for the Tobacco group and 26.84 for @®&CC group. These results
indicate that none of the pairwise comparisons slbwtatistically significant

differences in CD16+ % parent cells across the ggou
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Table 11: Table shows comparison of Tobacco withden group, Tobacco

without lesion group among tobacco chewers with apjarameters

Variable Tobacco n Mean SD SE t-value P-value
NK cells Tobacco with | 13 3.90 3.80| 1.05 0.3199 0.752
lesion
(% parent)
Tobacco 12 3.46 2.92| 0.84
without lesion
CD16+CD56+ | Tobacco with | 13 25.75| 16.09 4.44 0.7272 0.474
(% Parent) lesion
Tobacco 12 20.31| 21.16 6.11
without lesion
CD56+ Tobacco with | 13 39.94| 16.50 4.576 1.126(0 0.271
lesion
(% Parent)
Tobacco 12 31.38| 21.4Q 6.17}
without lesion
CD16+ Tobacco with | 13 17.01| 17.12 4.75 -0.5857 0.563
lesion
(% Parent)
Tobacco 12 21.84 | 23.80 6.87
without lesion
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Bar graph 5: Bar graph shows comparison of Tobaccwith lesion group,

Tobacco without lesion group among tobacco chewevgth all parameters
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When compared the NK cells (% parent) between twbacsers with or
without lesion, the mean was slightly higher ingobto users with lesions (3.90 *
3.80) compared to those without lesions (3.46 2R.8hough this difference was not

statistically significantt(= 0.3199p = 0.7520).

In terms of CD16CD56" (% parent) cells, individuals with lesions also
showed a higher mean value (25.75 + 16.09) thasethwithout lesions (20.31 +
21.16), but again, this difference did not reactiistical significancet(= 0.7272p =

0.4745).

The mean percentage of CD5&lls was 39.94 + 16.50 ithe lesion group
and 31.38 + 21.40 in the non-lesion group. Althotlghlesion group had a noticeably

higher mean, the result was not statistically sigant ¢ = 1.1260p = 0.2718).
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Interestingly, the mean value of CD1éells was slightly lower in tmacco
users with lesions (17.01 = 17.12) compared toghwishout lesions (21.84 + 23.80),

but this trend was also not significant=(-0.5857p = 0.5638).

Overall, although individuals with lesions showedmerical differences in
NK cell markers — with trends toward higher CD%hd CD16CD56 percentages

— none of these findings were statistically sigrafit.
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DISCUSSION

During tumor immunosurveillance, the immune syst&m either suppress or
stimulate immune responses. By identifying tumagesfic antigens, the host's
immune system is capable of identifying and eraaigahe developing tumour cells.
Similar to homograft rejection, immunosurveillanbelps in maintaining tissue
equilibrium in complex organisms. But the tumor Igebften adopt various
mechanisms to evade detection, including the releas immune-modulating
substances. The key players in this defense areytioéoxic T lymphocytes and NK
cells, which directly destroy cancer cells and ai@l in both preventing and

eradicating tumor developmeft.

NK cells are the bone marrow derived, cytotoxicaitenlymphocytes classified
as large granular lymphocytes (LGLs). They are phet of innate lymphoid cell
(ILC) family, known for their ability to recognizeand destroy virus-infected and
tumor cells without prior sensitization, comprisiagout 5-20% of human circulating
lymphocytes. Natural Killer (NK) cells detect abnormal cells bytegrating signals
like IL-12, IL-15, IL-18 and balancing activatings.vinhibitory receptors, especially
those interacting with MHC-I®®During infection and/or inflammation, NK cells are
activated rapidly, proliferated quickly, and it ¢ohbutes significantly to innate and
adaptive immunity:®® Despite their innate nature and the lack of peedarget
recognition, NK cells depends on supporting celke Idendritic cells (DCs) for
activation (e.g., IL-15 trans-presentation) and ouytes expressing MICA, which
enhances their anti-tumor activity through Fc réoegf* Also, NK cells can also
develop immunological memory, known as trained imityu— a feature once

thought exclusive to adaptive immune cells.
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Repeated inflammatory exposure in humans can indhee change of
conventional NK cells into memory-like NK (NKm) ¢gl which exhibit boosted
responses, including increased production of 1fFNperforin, and granzymes,
particularly within tumor microenvironments. Howeyehronic stimulation through
tumor-expressed ligands such as NKG2D can leadkac@ll dysfunction and will

contribute to tumor immune evasion and metast&eswenka & Lanier, 2016Y,

Overall, NK cell action and function is maintaingd interaction of activating
and inhibitory signals. While tumor cells may ev&iELs by lowering MHC-I levels,
this simultaneously diminishes inhibitory signalitmgNK cells, resulting in enhanced
activation and cytotoxicity. By identifying and des/ing tumor cells that evade T
cell-mediated immune responses, mature NK celly placritical role in tumor
immune surveillance and act as an essential def$viseet al., 2020; Anfossi et al.,

200694

Smokeless tobaccmne of the major risk factors for oral cancer, bagn
found to impair NK cell-mediated tumor immune sulfeace Chronic exposure to
tobacco-specific nitrosamines and other immuno®ggive agents present in tobacco
may reduce NK cell cytotoxic activity, thereby cammising anti-tumor immunity

and contributing to a higher tumor burd@n.

Given the critical role of NK Cells in tumor immusrveillance and
antitumor responses, smokeless tobacco use may #iwr immunoprofile,
potentially disrupting their functional balance ale@dding to abnormal activation,
migration, or cytotoxic activity—ultimately allowgntumor cells to evade immune
detection. Due to the paucity of research in thémathe present study aims to assess
the peripheral NK cell immunoprofile among healihgividuals, tobacco chewers,

and patients with oral squamous cell carcinomaguow cytometry.
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To assess NK cell phenotypes in peripheral blomanunophenotyping was
performed using flow cytometryPBMCs were isolated from the freshly obtained
blood sample and was stained with fluorochrome+agatied monoclonal antibodies
targeting specific surface markers—CD3 (FITC) telede T cells, CD56 (PE) to
identify NK cells, and CD16 (APC) to evaluate cygtdt activity. A Beckman
Coulter DxFlexflow cytometer equipped with multiple lasers andnpensation
controls was used for accurate multiparametricyaigl The gating strategy involved
excluding doublets and dead cells, followed by idging NK cells as CD3CD56'
and CD3CD16, and further subclassifying them into CDE®16, CD56'CD16,
and CD16 only subsets. This allowed for a comprehensivduati@n of both the
regulatory (cytokine-producing) and cytotoxiompartments of NK cells across study
groups. The data acquired provided the basis ®essing potential shifts in NK cell

distribution due to tobacco exposure and maligtramisformation.

The present study included 75 participants divided three groups with 25
healthy individuals, 25 tobacco chewers and 25 O®@atents, these three groups
were matched for age and sex. All the individuatsevin 4" decade of life, with
slight increase in age of OSCC patents. This alggec shift line up with existing
literature suggesting that increasing age is afastor for immune dysregulation and
cancer susceptibility, particularly among long-tetobacco users (Gupta et al.,
2017§* Also, a male predominance was noted in the tabasposed groups and
OSCC patients accounting for 80% in the OSCC grang over 60% in chewers
simulating findings from other Indian cohorts wheseciocultural patterns often
associate with higher tobacco use by males (Kurat.,e2016; Ranganathan et al.,

2019)%8¢
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More than 60% of chewers and OSCC patients repdhecduse of tobacco
product in chewed form. This is in line with remifrom Southeast Asia, where
smokeless tobacco remains a major etiological fdotooral lesions (Asthana et al.,
2019)%

The type and duration of oral lesioamerged as relevant factors potentially
linked to immune alterations, particularly in NKllcgynamics. In the present study,
among tobacco chewers with lesions, leukoplakias the most prevalent type
(53.8%), followed by tobacco pouch kerato@8%), erythroplakia (15.3%), and oral
submucous fibrosis (OSMKY.6%). These patterns mimic with epidemiologicatad
from South Asia, where leukoplakia remains the ncostmon potentially malignant
disorder associated with smokeless tobacco use n@kalasuriya et al., 2020).
Majority of individuals in the present study witbch lesions had a lesion duration of
less than 4 years (30%), compared to 80% in OSQens, whose lesions had
persisted for over four years. This increase ifeshronicity could be a sign of both
protracted immunological dysregulation, includingtgntial NK cell exhaustion over
time, and delayed clinical presentation. Long-siagdoral lesions are frequently
linked to decreased NK cell cytotoxicity and chath@sgtokine profiles, which may
facilitate immune escape pathways during maligrtaasformation, according to
studies done by Rivera et al. (2017) and Guptal.ef2819)%% These findings
emphasizes the necessity of taking chronicity @sibh type into account as extra
immunological risk factors in oral cancer surveitia.

As we see the lesion distribution, the buccal macemerged as the most
common site for lesions in both precancer and cageceups (76.9% and 56%,
respectively), which could be due to direct andigrged contact with the tobacco
quid. The results of Mohit Sharma et al. (2620\vho have highlighted the buccal

mucosa as a main location of early dysplastic alilens in SLT users, are consistent
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with this site-specific trend. These demographdifigs highlight the significance of
exposure site and habit intensity in influencinghbéocal and systemic immune
responses, in addition to reflecting the typicaghhrisk group impacted by oral
potentially malignant disorders and OSCC.

In our study, the percentage of NK cells among thgaindividuals ranged
from 0.19% to 12.24%, with the average tendinghslyglower than some previously
published studies. The broad range—especially theerd limit—may reflect the
underlying population-specific factors, such asegenbackground, environmental
exposures, or lifestyle habits.

Study by, Apoil et al. (2017Fdocumented NK cell percentages ranging from
1.1% to 17.7%, with a mean value of 6.4%, while éloget al. (2015f reported a
range between 0.61% and 16.87%, with a mean of®idhealthy adults. The lower
end observed in our study may also be explainedabyral temporal fluctuations in
immune status, as highlighted by Angelo et al., iidwond that even within the same
individuals, NK cell percentages could vary betwe&®h and 11% across several
months.

Similar observations were seen in, major laborattatabases such as ARUP
Laboratories have set the NK cell reference rangéato 26% of total lymphocytes,
with absolute counts falling between 78 and 470sgel. Labcorp similarly lists a
reference percentage range of 1% to 19%. In a a&palinical study, Dendle et al.
(2019Yfound NK cell percentages in healthy individual$ween 7% and 28%, also
including functional assessments such as cytotatvity, which serve as an
important benchmark for evaluating immune competemdoreover, findings from
Wolfgang Merkt et al. (2021§ demonstrated a wide spectrum in NK cell counts,
ranging from 82 to 594 celld/, with an average of 253 celld/, emphasizing that

even within healthy populations, NK cell distritaris can vary considerably.
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These comparative insights underline the intrinsigability of NK cell levels
among healthy individuals. They also highlight thelue of establishing local,
population-specific baseline values, which areigaitfor detecting subtle immune
deviations in clinical settings—particularly in @tions such as chronic tobacco use
or oral squamous cell carcinoma, where immune dlamee by NK cells plays a key

role.

In the current study, the NK cells percentage idiviWuals who used
smokeless tobacco ranged from 0.35% to 12.88%, witimean of 3.69%. This
average is slightly lower than that observed inrthemal healthy group of our study,
which had a mean NK cell percentage of 3.85%. Algiothe difference appears
minimal, it may hold biological significance andleets a trend reported in previous

studies indicating immunomodulatory effects of seleks tobacco products.

Tobacco, particularly in its smokeless form, camsaiseveral bioactive
compounds, including nicotine and tobacco-specifitosamines, which are known
to interfere with immune function. Bagaitkar et @013)° showed that the exposure
to smokeless tobacco extracts suppresses the sxpresf key cytokines such as
TNF-a and IFNy in NK cells and impairs their cytolytic activitfhese impairments
may not necessarily reflect sudden reductions in ¢ percentages but do also
indicate a suppression of immune surveillance E®de tobacco users. In parallel,
Malovichko et al. (20197 reported that prolonged exposure to smokeles<tabim
murine models led to a significant reduction incalating immune cells, including
NK cells, and a decrease in plasma {-Mvels, suggesting a state of chronic immune

suppression.

More recent evidence has proposed that nicotinedaactly impair NK cell

function by binding to nicotinic acetylcholine rgters (nAChRs)—specifically the
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B2 subunit—on NK cells. This interaction has beemvan to disrupt cytotoxic
functions and enhance tumor progression in expetiahemodels (Zhang et al.,
2013§°. Although the precise mechanism in humans remiirise fully defined, it
raises the possibility that long term nicotine esype from smokeless tobacco may

downregulate NK cell activity through receptor-nadd pathways.

The duration and frequency of tobacco chewing apfieadave a crucial role
in modulating NK cell dynamicsProlonged and repeated exposure to smokeless
tobacco constituents—like nicotindobacco-specific nitrosaminesand reactive
oxygen species—can lead to the gradual suppressidiK cell-mediated immune
surveillance. In the present study, individualshwitnger chewing histories (21-30
years and beyond) and higher usage frequency {fosix times daily) demonstrated
a trend toward reduced NK cell percentages, pdatiyu within the cytotoxic
CD56'CD16" subset This is in consistent with findings that chroniatigenic
stimulation from tobacco use habit may induce NHKI @xhaustion functional
impairment or downregulation ofreceptor, thereby weakening early immune
responses aiding to dysplastic transformation ambtigenesis. Jung et al. (2020)
reported significantly reduced NK cell activity angpchronic smokers, with greater
suppression correlating with longer duration andghbr quantity of tobacco use.
Similarly, our demographic analysis revealed thaistrtobacco users in the study
reported high-frequency chewing (four to six timdsly), with 58% of chewers
without lesionsand 40% of OSCC patients falling into the 21-30ryesbit duration
group. These findings line up with the results a@finJet al. (2018f, who
demonstrated that prolonged, high-frequency tobaogwsure was associated with

both mucosal alterations and systemic immune mddualafurther confirming
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tobacco's function as a chronic immunological stweshat could lead to oral cancer

and immune suppression.

These results provide validity to the theory thewen in the absence of
obvious disease, smokeless tobacco may have immppessive effects on NK
cells. Although our study's decrease in NK cellcpatage might seem lesser, the
functional deficiencies that go along with it, aslicated by previous research, may
lower tumor immunosurveillance and make chronicraismore vulnerable to
infections or precancerous alterations. Furtheeaesh is warranted to explore not
only the quantitative shifts but also the functiom@mpetency of NK cells,
particularly their cytokine production, degranuaticapacity, and receptor expression

profiles, in the context of SLT exposure.

In the current study, the percentage of NK cell©®BICC patients ranged from
0.71% to 20.6%with a mean value of 4.57% his average was notably higher than
the NK cell mean percentages observed in both theatidividuals (mean: 3.85%)
and smokeless tobacco chewers (mean: 3.69%), dugpgestrend of increased NK
cell representation in the peripheral immune peofif OSCC patientsThis increase
can be the result of a complicated immunologicaposise to immune surveillance

dynamics, tumor-associated inflammation, and malngtransformation.

The increase in NK cell count may be attributedatareactive immune
surveillance response, where immune system attetoptecognize and eliminate
tumour cells. NK cells, as innate cytotoxic lymplies, play an important role in
early tumor immunosurveillance by releasing intemfegamma (IFNy) and directly

killing target cells through perforin-dependentatpiicity (Agarwal et al., 2016
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As tumor progress, the tumor microenvironment (TMiEcomes a crucial
modulator of immune cell recruitment and functidehn et al. (20243 showed a
significantly higher expression of CD5RK cells in OSCC tissues compared to oral
epithelial dysplasia (OED) and normal mucosa. Theamindex of CD57 cells
increased progressively from 3.21 in normal mucts8.40 in OED, and increased at
12.04 in OSCC, with this difference being stataic significant (p = 0.01). This
supports the notion that NK cell infiltration inases with disease severity and could

serve as a surrogate marker for malignant transtom.

However, while increased NK cell counts may suggestctivated immune
state, their functional integrity is often compreed in the TME. According to
Devillier et al. (20212 NK cells frequently encounter metabolic and pligpic
remodeling in cancer patients, which results irctiomal exhaustion. Tumor-derived
immunosuppressive agents such as PGHR-10, and PGE2 downregulate activating

receptors like NKG2D, NKp30, NKp46, and impair NEllemediated cytotoxicity.

From a prognostic standpoint, higher NK cell im&itton in OSCC has been
linked with improved survival outcomes. Agarwabét(20165* reported that patients
with higher CD57 NK cell lakeling index had better three year survival as caetha
to those with lower indices. Specifically, the mé&an57 labeling index was 10.67 in
surviving patients versus 3.6 those who had died of the disease. This siganitic
correlation (p < 0.0001) underscores the prognostloe of NK cells in OSCC and

supports their use as potential biomarkers.

Similarly, John et al. (202%) concluded that both CD57 (NK cell) and CD8
(cytotoxic T-cell) expression increased progredgi®m normal mucosa to OED to
OSCC, and suggested that these markers could ai@ssessing the malignant

potential of oral lesions.
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Higher percentage of NK cells seen in OSCC patientisis study, most likely
reflects two realities either a tumor environmehattis working to suppress or
neutralize the immune response, and an immune rey#tat is actively trying to
control tumor growth. Even if there may be an iase in NK cells count, their
functional integrity is frequently damaged, whicinghasizes the significance of a
thorough and perceptive assessment that takes a@ntmunt both quantitative
abundance and gqualitative efficacy.

These results support the theory that NK cell ematia, in conjunction with
functional analysis, might provide important indighinto the immunological
landscape of OSCC and its progression. Future vstrauld aim to combine
phenotypic, functional, and spatial data to impréwerapeutic targeting of NK cells
in oral cancer

In the present study, natural killer (NK) cells weimmunophenotypically
categorized according to their surface marker esgioe—CD56, CD16 and
CD56'CD16—to understand their functional distribution amdreglthy individuals,
tobacco chewers (with and without lesions), andl eguamous cell carcinoma
(OSCC) patients. These markers are essential mtifgieag distinct NK cell subsets
with different immunological roles.

CD56" NK cells, particularly those in the CDBBD16 subset, are known to
secrete cytokines such as IFNTNF-o which are predominantly immunoregulatory
rather than cytotoxic. In our study, CD5BK cells in healthy individuals ranged
from 15.38% to 75%, with a mean value of 36.74%s®ubset showed a mean of
35.83% in tobacco chewers and 39.16% in OSCC patié&tthough the increase in
OSCC cases was not statistically significant, tead indicates a possible enrichment
of CD56 cells in response to chronic inflammation or turpogsence. Literature by

Cooper et al. (2004) and Romee et al. (20£3)supports this pattern, where CD56
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NK cells are often more prevalent in inflammatorgviconments and function

through cytokine-mediated immune regulation.

CD16 NK cells, characterized by their expression offdtla, play a pivotal
role in antibody-dependent cellular cytotoxicity@¥&C). In our analysis, the mean
percentage of CDIB\K cells was 24.64% in healthy individuals, 19.38%iobacco
users, and 22.68% in OSCC patients. The reduced @Rfiression among tobacco
chewers may suggest early immune modulation or degutation of cytotoxic NK
function due to chronic tobacco exposure. This plzmn is in line with findings by
Bagaitkar et al. (2013} who reported suppressed NK cell cytotoxicity dRt-y
expression in individuals exposed to tobacco, yikakdiated by oxidative stress and
immunosuppressive signaling pathways. Interestinglghough CD16 NK cells
appeared to recover slightly in OSCC patients, rtffienctional activity may be
impaired within the immunosuppressive tumor micreemment, as evidenced in

studies by Devillier et al. (202%)

The CD56CD16" phenotype predominantly represents the CD56+CINI&+
cell subset, which constitutes the majority of plkeral blood NK cells and exhibits
potent cytotoxic capabilities. In our study, theamgercentage of CDSED16" NK
cells was 28.26% in the normal group, 23.14% antobgcco chewers, and 21.12%
in OSCC patients. This downward trend may indicategradual depletion or
dysfunction of the cytotoxic NK cell population Witincreasing disease burden.
Although these differences were not statisticaliygicant, they suggest a shift from
functional cytotoxic subsets toward either exhalistesuppressed phenotypes in the
context of chronic tobacco exposure and malignafbis observation resonates with
the findings of Zhou et al. (2022), who reportetei@d NK cell phenotype and

reduced expression of cytotoxic receptors such K&2D and NKp30 in OSCC
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patients. Additional research by Agarwal et al. 1@0%and John et al. (202%)
demonstrated that although NK cell infiltration meripheral levels may increase in
OSCC, their tumor-suppressive capacity is oftenmomised due to immune escape

mechanisms employed by tumor cells.

Furthermore, when comparing tobacco chewers withwaithout lesions, the
mean levels of CD5¢6 CD16, and CD56CD16" NK cells were higher in tobacco
chewers with lesion group, although not statislycaignificant. This trend might
reflect an early immune response to premalignartsformation, which, over time,
becomes increasingly dysfunctional or suppressedlea®ns progress toward
malignancy. Despite the lack of statistical sigrdfice across groups, the biological
implications of these trends are noteworthy. A geddoss of cytotoxic NK subsets
and possible enrichment of immunoregulatory or eghed NK cells could contribute

to impaired immune surveillance in OSCC pathogenesi

In summary, the study reveals subtle but potegtrakaningful differences in
NK cell functional phenotypes among healthy indiats, tobacco chewers, and
OSCC patients. While CD56cells tend to increase in OSCC, the CDXhd
CD56'CD16" cytotoxic subsets show a declining trend. Thesgepes reflect an
evolving immune response from regulation to dysfiamcduring carcinogenesis. The
findings are consistent with existing literaturedannderscore the importance of
evaluating both quantitative and functional aspetfdK cells in disease progression.
A mere increase in NK cell counts does not necdgsadicate effective immune
function; rather, a comprehensive understandingheir activation status, receptor
expression, and cytotoxic potential is essentiatufe scope of this study will be to
integrate these immunophenotypic profiles with fimal assays to better elucidate

the title role of NK cells in oral cancer immunity.
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SUMMARY AND CONCLUSION

Present study provides valuable insights into thenunoprofiling of NKCs
and their phenotypes in health, tobacco exposuet,0sal squamous cell carcinoma.
While the total percentage of NK cells do not shetatistical significance among the
study groups, subtle variations in phenotypic stsseere observed. The CD56
subset showed a mild increase in OSCC patientssilppsreflecting a regulatory
immune response to tumor development. In contrdm, cytotoxic CD16 and
CD56'CD16 populations showed aedreasing trend from healthy individuals to
tobacco chewers and further to OSCC patients, aidig a gradual impairment in
cytotoxic immune surveillance. Although statistigahon-significant, these trends
align with established mechanisms of immune exh@usind suppression in tumor
microenvironments. Tobacco chewers, especially ethegth lesions, showed
intermediate alterations, suggesting early immurdufadory effects of tobacco even
before malignant transformation. Overall, the studgerscores the importance of not
only quantifying NK cells but also examining thefunctional phenotypes to
understand their evolving roles in oral carcinogeneThese findings support the
potential of NK cell immunoprofiling as a biomarkier oral precancer and cancer,

and emphasize the need for region-specific refereatues in immune evaluation.
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LIMITATIONS

The sample size for each group, particularly tobadewers with and without
lesions, was relatively small, which may have laditthe statistical power to
detect subtle but biologically important differeace

The study focused exclusively on surface markeresgion and did not assess
NK cell functionality through assays such as degiaion, cytotoxicity, or
cytokine production. This limits the interpretatiohwhether observed shifts
in phenotype translated into functional impairmenactivation.

External variables such as nutritional status, esga&t inflammation,
infections, and circadian rhythm—factors known tofluence immune
parameters—were not controlled in this study.

Additionally, the cross-sectional nature of the dgtuprecludes causal

interpretations of the changes.
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FUTURE SCOPE

To include larger and more diverse sample populatto validate and expand
upon these findings.

Incorporating functional assays, such as CD107aatedation, intracellular
IFN-y staining, and target cell lysis assays, would pi®va more
comprehensive understanding of NK cell activityossrthe disease spectrum.
Longitudinal studies tracking immune changes frazalthy tobacco users to
lesion development and malignant transformation ld/ooffer invaluable
insights into the temporal dynamics of immune escap

Integrating NK cell profiling with additional immenmarkers, such as T-cell
subsets, dendritic cells, and checkpoint inhibit@sg., PD-1, TIGIT), could
yield a broader perspective on the immune landsirapeal carcinogenesis.
Use of tissue-based techniques, such as immunohestastry or
immunofluorescence, to correlate peripheral imneimenges with local tumor
microenvironmental alterations.

Such integrative approaches would enhance thecalinitility of NK cell
profiling in early diagnosis, prognosis, and poiaht, therapeutic targeting in

OSCC.
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Annexures

ANNEXURE 4

CASE HISTORY PERFORMA

KLE VISHWANATH KATTI INSTITUTE OF DENTAL SCIENCES,

BELAGAVI

DEMOGRAPHIC DETAILS:

Name:

Age:

Sex:

Occupation:

Address & Contact No.:
HISTORY:

Chief Complaint:

History of present illness:
Family History:

Past medical/ drug history:
Past dental history:

Habit history:

Case No.:

OPD No.:

Type (specify) Smokeless

Smoked Drinking Alcoh

Frequency / day

Age of initiation

Duration of Use
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CLINICAL EXAMINATION:

Extra-oral examination:
Asymmetry:

Swelling:

Ulcer:

Sinus opening:

Lymph node:

Mouth opening:

Intra-oral examination:

Buccal mucosa:

Palate:

Tongue:

Floor of mouth:

Lips:

DIAGNOSIS:

Description of the lesion/ tumor:
Differential diagnosis:
Provisional Diagnosis:

Biopsy no.:

Type of biopsy: Incisional/ Excisional

Histopathological Diagnosis:
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