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ABSTRACT

INTRODUCTION

Immunoglobulins are proteins of animal source bestowed with established antibody
activity and specific other proteins which are related to them by its chemical structure and
antigenic specificity. Based on their physiochemical and antigenic differences, Five
immunoglobulins have been recognized — 1gG, IgA, IgM, IgD, and IgE. Oral
Premalignant disorders (OPMDs) are a substantial group of mucosal disorders that may
pave the way to the diagnosis of oral squamous cell carcinoma (OSCC). Prevention and
initial detection of Oral Premalignant Disorders (OPMD) help avoid oral cancer and the
associated mortality and morbidity. Therefore, there is a need to identify markers that can
indicate the occurrence of OPMDs and Oral cancer.

AIM

This study aims to evaluate the Screening of Immunoglobulins (IgG, IgM, IgA) in

patients with Oral Premalignant Disorders and Oral Cancer Patients and their comparison

with Healthy Subjects.
OBJECTIVES

e To Compare the levels of Serum Immunoglobulin G levels in Oral Premalignant
Disorders and Oral Cancer Patients in comparison with Control group.

e To Compare the levels of Serum Immunoglobulin M levels in Oral Premalignant
Disorders and Oral Cancer Patients in comparison with Control group.

e To Compare the levels of Serum Immunoglobulin A levels in Oral Premalignant

Disorders and Oral Cancer Patients in comparison with Control group.



ABSTRACT

MATERIAL AND METHODS

The study was conducted in the Department of Oral Medicine and Radiology of Babu
Banarasi Das College Of Dental Sciences, Lucknow (U.P.). For the Study Purpose, a total
of 60 Patients were examined and were divided into 2 groups. The Case Group consisted
of 40 patients with Oral Precancer and Oral Cancer, whereas the Control Group consisted
of 20 healthy subjects. Patients were selected on the basis of inclusion and exclusion
criteria. The collected data was tabulated on spread sheets and subjected to statistical

analysis.

RESULTS
Estimation of the levels of immunoglobulins (1gG, IgM, IgA) in the OPMD and OSCC

group when compared with the control group showed statistically significant results.
Statistically, a significant difference was observed in the levels of IgG, IgM, IgA

[p<0.0001*]

CONCLUSION

The present study concluded that the level of immunoglobulins (1gG, 1gM, IgA) was
significantly higher in OPMD and OSCC compared to the Control. These factors may
suggest a poor prognosis and a lower survival chance if they are elevated. It may help in
the detection and diagnosis of OPMD and OSCC. Higher levels of immunoglobulins in
oral cancer may indicate tumor burden or conversion of malignancy in higher stages and
might be used as prognostic indicators.

KEYWORDS

Immunoglobulins, Oral Premalignant disorders, Oral squamous cell carcinoma,

Biomarkers



1. INTRODUCTION

1. INTRODUCTION

Patients with oral cancer provide the treating physician with a distinctive
combination of difficult, intricate, and multidisciplinary therapeutic difficulties, the
answers to which have a significant influence on both their survival and quality of
life. A Multidisciplinary Head & Neck Oncology Team often treats all oral cavity
tumors. Y1 The Head and Neck Multidisciplinary Team (H&N MDT) includes
numerous clinicians, including (but not limited to) throat surgeons and oral and
maxillofacial, ear, nose, and plastic & reconstructive surgeons, radiologists,
anatomical pathologists, radiation oncologists, medical oncologists, dieticians,
anaesthetists, speech and language therapists, head and neck nurses,
physiotherapists, oral medicine specialists, prosthodontist, and social workers. 2]
Oral Premalignant Disorders (OPMDs) are a significant group of mucosal disorders
that can occur before diagnosing oral squamous cell carcinoma (OSCC). Bl Oral
cancer accounts for about 30—40% of all cancers in India, compared to about 2-4%
in other western countries. In males it is the most prevalent cancer and in females,
it is the third most prevalent cancer. In regions of India where betel nut chewing
and reverse smoking are prevalent, the prevalence of oral cancer is alarmingly high.
[4,5]

Indicating the threat, incidence, significance, or future comportment of potentially
malignant diseases or oral cancer, the notion of a tumor marker is utilized.
1 Consequently, it is necessary to identify indicators that can detect the presence

of OPMDs and Oral cancer.
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Due to the functional and aesthetic ramifications of treating tumors in this location,
the treatment of oral cavity cancers is complicated. There are only a few essential
head and neck activities that the tumor or its treatment may temporarily or
permanently compromise, these include breathing, speaking, deglutition,
visualisation, odour, taste, mastication, and jaw function. In addition, facial and oral
aesthetics have a significant role in how others see us; Cancer and/or its treatment
can significantly impact self-esteem and self-confidence. From the detection of
premalignant lesions to the prompt detection of oral cancer, management of the oral
cancer patient's dentition both before and after definitive treatment, shadowing
recurrent or new primary tumors in unification with the treating specialist, and
reintegration of missing teeth in collaboration with the treating maxillofacial
surgeon and prosthodontist, Dentists tend play a vital role in the management of
oral cancer. 78]

Immunoglobulins are proteins of animal source bestowed with established antibody
activity and specific other proteins which are related to them by its chemical
structure and antigenic specificity. There are five identified immunoglobulins: IgG,
IgA, 1gM, IgD, and IgE, based on physiochemical and antigenic distinctions.
Numerous writers have investigated the particular immunoglobulin response
generated by cancer. P In clinical practice, serum immunoglobulin levels are
frequently measured because they offer vital evidence about the humoral immune
state. Some humoral immunodeficiencies are characterized by low immunoglobulin
(Ig) levels. Polyclonal gammopathy is witnessed in liver diseases, chronic

inflammatory diseases, haematological disorders, infections, and malignancies.
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Immunoglobulin levels also promote to diagnosing certain diseases, particularly
liver ailments, (1011

It is essential to determine the distribution of immunoglobulin levels in broad
populations, to evaluate reference values. The general guidelines for identifying and
deciding reference intervals when there are substantial disparities between
subgroups defined by age, sex, and common exposures such as smoking or alcohol
intake, in the clinical laboratory state that segregating should be considered.
[21 However, meagre studies have examined the potential impacts of these factors
on blood immunoglobulin levels. According to reports, females have higher IgM
levels than males. Additionally, immunoglobulin serum concentrations have a
tendency to rise with age. It is well acknowledged that heavy drinkers with
advanced liver disease frequently have elevated IgA levels. However, researches on
the effects of smoking and alcohol consumption (from light to heavy) on serum IgA,
IgG, and IgM has been yet to be examined [*] Collectively, these findings highlight
the necessity for multivariate analysis to discover the perplexing interactions among

all these factors allied to immunoglobulin levels and each other.

History of Oral Cancer and OPMDs

The notion of ‘precancer’ arose in 1805, given by a European panel of physicians,
an implication that there are benign diseases that will incessantly develop into
invasive malignancies if found for a long time. [ In 1875, the term ‘precancer’
was first devised by Victor Babes, a Romanian physician. This concept was later

expanded to include numerous diseases in the numerous organ systems of the body.
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Some of the lesions convicted to be precancerous are Junctional nevi, Xeroderma
pigmentosa of the skin, and leukoplakia, papillomas of the urinary bladder and
larynx, polyps of the colon, and solitary thyroid adenomas. [*° With increase in
research the preliminary depiction made in 1942 by C. H. Waddington: “the causal
interactions between genes and their products bring the phenotype into being.” has
extended. The definition principally denoted to embryonic development— “the
study of heritable changes in the gene expression that occurs independent of
changes in the primary DNA sequence,”—a description that is further pertinent to
the whole organism, including the stages of development and disease states. [*¢]
Despite the same genetic material and similar cellular signaling patterns, epigenetic

alterations facilitate the probability of discrepancy between the cells.

Oral precancers have had an intense and enthralling literature encompassing as far
back as the 1870s, when one of England’s most renowned surgeons, Sir James
Paget, anticipated that ‘leukokeratosis’ or ‘smoker’s patch’ of the hard palate
(nicotine palatinus) or the tongue in innervate pipe smokers passed an amplified
risk of ultimate cancer transformation. [*I Later on, various terminologies appeared
in the literature concerning the ‘precancer’ concept like ‘premalignant,’
‘preneoplastic,” ‘carcinoma prone,’ ‘intra-epithelial neoplasia,’ etc. However, in the
international literature, the information concerning the evolution of these
terminologies is unavailable. The continuing progression of these lesions are

standing to be a greater challenge.
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For that reason, the ongoing challenge and uncertainty encircling the oral cancer

concept, the WHO has periodically summoned International Workshops to redefine

the term ‘precancer’ and several precancerous lesions. A much previously working
group of WHO, in 1978, used the term ‘precancer,” which was further than
classified into ‘lesions’ and ‘conditions. [&1 The most recent workshop in London
in 2005 commended using the term OPMDs and the abolition of the term
‘precancer.” [1 Nevertheless, the latest WHO monograph on Head and Neck
Tumors (2005) utilizes the term ‘epithelial precursor lesions 2%, Recently, the term
potentially malignant disorders were coined by Manne RK for individuals with no
recognized predisposing disorders or any clinically evident lesion, where the oral

mucosa may be susceptible to cancer. 2%
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2. AIM & OBJECTIVES OF THE STUDY

AIM

This study aims to evaluate the Screening of Immunoglobulins (IgG, IgM, IgA) in
patients with Oral Premalignant Disorders and Oral Cancer Patients and their

comparison with Healthy Subjects.

OBJECTIVES

e To Compare the levels of Serum Immunoglobulin G levels in Oral Premalignant
Disorders and Oral Cancer Patients in comparison with Control group.

e To Compare the levels of Serum Immunoglobulin M levels in Oral Premalignant
Disorders and Oral Cancer Patients in comparison with Control group.

e To Compare the levels of Serum Immunoglobulin A levels in Oral Premalignant

Disorders and Oral Cancer Patients in comparison with Control group.
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3. REVIEW OF LITERATURE

3.1 ORAL CANCER:

Cancers of the lips, tongue, floor of the mouth, palate, gingiva, alveolar mucosa,
tonsils, uvula, and salivary glands are included in the definition of oral cancer. Oral
cancer (OSCC) is largely self-inflicted because it is a multifaceted disease; identifying
the variables will provide the knowledge necessary for preventing the disease and
planning therapy for a better prognosis. In the post antibiotic era, oral cancer remains
the disease with the highest mortality rate in countries where tobacco use in the form
of chewing and/or smoking, with or without alcohol consumption, carries the highest
risk of developing oral cancer; it is the sixth most prevalent cancer in this region
worldwide. Recent research indicates that OSCC is more prevalent among younger

persons. [?2]

Oral SCC in young people accounts for about 0.4-2.6% of the total incidence and has
a slight predominance in men. The most common location for this tumor is the tongue
and occurrence of symptoms is rare unless the lesion reaches a wide size. Concerning
the etiological factors for oral SCC in young adults who do not smoke and drink
alcohol frequently, genetic abnormalities seem to have a preponderant role in
development of the tumor. Additionally, human papilloma virus infection, specifically
by HPV-16 and HPV-18, are more frequently detected in this group, but more studies
are needed to confirm its influence in prognosis and clinical outcome of oral SCC in

the younger. #*!
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Changes in the amino acids and proteins generated by cells are caused by mutations at
the level of genetic DNA. Multiple mutations are required for the malignant
transformation that causes a rise in cell proliferation in potentially malignant illnesses,
and when the cell escapes growth regulation, it becomes autonomous and malignant.
The defining hallmark of a basement break is a malignant tumor with distal lymphatic
and blood lymph node metastases. The affected organ demonstrates malfunction and

death. 24

Oral cancer is a disease with a high mortality rate. It is the ninth most prevalent form
of male cancer worldwide. Currently, the incidence of oral cancer is prevalent in
emerging nations, particularly in the southern region of Central Asia. Oral squamous
cell carcinoma (OSCC) is the third most prevalent cancer in India, with a yearly
incidence rate of 52,000. Despite the availability of diagnostic and screening facilities,
the incidence in affluent nations such as the United States is 13% annually, with
30,000 new cases. The majority of cases are detected at an advanced stage, resulting

in a low 5-year survival rate.

Oral squamous cell carcinoma (OSCC) is distinguished by significant immune cell
infiltration and is considered a highly immunogenic tumor. The tumor
microenvironment (TME) consists of an extracellular matrix (ECM), stromal cells,
and immune cells that synchronize and interact with tumor cells. Tumor-associated
macrophages (TAMs), regulatory T-cells (Tregs), cancer-associated fibroblasts
(CAFs), and endothelial cells are examples of such cells. The innate immune cells
consist of macrophages, dendritic cells (DCs), neutrophils, myeloid derived

suppressor cells (MDSCs), natural killer cells (NKs), and innate lymphoid cells, while
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the adaptive immune cells are T cells and B cells. Crosstalk between cells of the
tumor microenvironment (TME), extracellular matrix (ECM), and tumor cells greatly
contributes to the growth of tumors. In addition, cancer-related inflammation, more
specifically chronic inflammation, involves inflammatory cytokines, chemokines, and
growth factors that can cause DNA damage, tumor angiogenesis, and genomic
instability, as well as the struggle between immunosuppression and promotion that

results in tumorigenesis.

However, research suggests that not all cells convert into malignant cells; this is
attributable to a process known as "immunosurveillance™ or, more broadly, "cancer
immunoediting.” Cancer immunoediting refers to the immune system'’s ability to both
inhibit and stimulate tumor development. Immunoediting for cancer generally consists
of three phases: elimination (immunosurveillance), equilibrium, and escape. Cancer
immunoediting is a generally acknowledged concept, and tumor immune evasion is
regarded an emerging cancer hallmark. ®® The immune system can also promote
tumor progression through chronic inflammation, immunoselection of poorly
immunogenic variants, and suppressing anti-tumor immunity. Sometimes, tumor cell
variants may not be eliminated but instead enter into an equilibrium phase in which
the immune system controls net tumor cell outgrowth; in this phase, adaptive
immunity constrains the growth of clinically undetectable occult tumor cells and edits

tumor cell immunogenicity.
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3.2 Etiology:

3.2.1. Tobacco

Tobacco's carcinogenic compounds, such as nitrosamines, benzopyrenes, and
aromatic amines, make it the most significant risk factor and cause of oral cancer.
Cigarette smokers are three times as likely to acquire mouth cancer than non-smokers.
Secondary passive smoking situations also pose a threat to individuals. Studies have
revealed a synergistic association between alcohol, tobacco use and cancer risk,
resulting in a higher incidence of malignancy. In numerous countries, tobacco is
chewed or held in the mouth rather than smoked. The desired effect is produced via
nicotine absorption through the mucosal membranes. Due to direct contact with
afflicted tissues, it is most strongly connected with oral cavity cancers, but it is also
linked to oropharyngeal cancers. Betel quid, also known as 'pan’ or ‘paan,’ is a mixture
of betel leaf, areca nut, slaked lime, and tobacco that is chewed. Due to the prolonged
exposure of oral cells to carcinogens, it is a popular habit in Asia and is associated

with an even greater risk of cancer than smoking tobacco alone.

Snuff/Snus: A wet kind of smokeless tobacco that is typically inserted beneath the
upper lip for extended durations. This approach is especially prevalent in North
America and Scandinavia. Further, snus appears to be a viable alternative to smoking
tobacco. The World Health Organization (WHO) declared snus a carcinogen in 1985
and it was banned in most of the European Union countries except Sweden. Recently,
a tobacco product, Chaini Khaini, identified as snus appeared in India, marketed as a

safe alternative to other tobacco products contains very high levels of carcinogenic
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nitrosamines and biologically available nicotine. Interventions are urgently needed to

educate current and potential consumers of this product. 2
3.2.2. Alcohol

Alcohol consumption raises the risk of oral cancer, especially when combined with
smoking. Alcohol has been shown to increase the permeability of the oral mucosa,
making it more susceptible to damage by other carcinogens despite the absence of any

carcinogenic properties in ethanol itself.
3.2.3. HPV

The Human Papillomavirus (HPV), particularly strains 16 and 18, has been linked to
cancer. Although it is most strongly connected with cervical cancer and
oropharyngeal cancer (especially tonsillar and base of tongue tumors), there is some
evidence that it is also linked to oral malignancies. In the oral cavity, persons with
squamous cell carcinomas are four times more likely to be infected with HPV than
those with healthy mucous membranes. Most infections are transmitted through oral

sexual contact. 1%
3.2.4. Stem Cell Transplants

Patients receiving hemopoietic stem cell transplantation are four to seven times more
likely than the general population to develop mouth cancer. Frequently, oral cavity
evidence of graft-versus-host disease precedes this. Mucositis, xerostomia, and
lichenoid alterations are symptoms. 5 to 9 years following transplant, the most

prevalent cancer sites are the tongue and salivary gland.
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3.3. ORAL PREMALIGNANT DISORDER

3.3.1. Overview

A premalignant lesion of the oral cavity frequently manifests as an atypical area on
the mucosal lining of the oral cavity, which can cause great concern in patients.
Premalignant lesions can be discovered in any area of the oral cavity, and oral cavity
anatomical landmarks include the lips, the mucosal lining of the face, the floor of the
mouth, the anterior two-thirds of the tongue, the upper and lower gingiva (gums), and
the hard palate. The specific etiology of premalignant lesions of the oral cavity is
frequently diverse and may be linked to betel nut chewing, cigarette smoking, and
alcohol drinking. Oral cavity precancerous lesions are observed in conjunction with
and before to oral squamous cell carcinoma. According to the World Health
Organization, potentially malignant illnesses are precancerous lesions of the oral
cavity that may develop malignant transformation (PMD). Leukoplakia,
Erythroplakia, lichen planus, oral submucous fibrosis, and actinic cheilitis are five
lesions of the oral cavity classified as potentially malignant conditions. Preventing
oral cavity squamous cell carcinoma requires early detection and timely treatment of
premalignant lesions of the oral cavity. As a disordered mixing of dysplastic and non-
dysplastic cells, oral cavity premalignant lesions are frequently difficult to diagnose

based just on clinical signs.

The premalignant oral disease is an umbrella term for a multitude of disorders that can
develop in the mouth cavity. Early detection and timely treatment are crucial for

achieving good outcomes. However, there is still a substantial knowledge gap in this
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field among medical professionals. A recent comprehensive analysis indicated that
fewer than half of medical practitioners were aware of common risk factors for
premalignant oral lesions or oral carcinoma. Consequently, there is substantial need to

understand and recognize the appearance, etiology, and therapy of these disorders. B!

The oral cavity comprises the lips, gums, buccal mucosa, gingiva/alveolar ridge, hard
palate, the floor of the mouth, and the oral tongue (anterior 2/3). The vestibule
consists of the buccal and labial sides of the teeth, as well as the mucosa of the
alveolus and the wet margin of the lip. The bulk of the oral cavity is lined with
stratified squamous epithelium, and abnormalities in this epithelium frequently give
rise to premalignant oral lesions. Leukoplakia, Erythroplakia, lichen planus, and
submucous fibrosis are the most often reported premalignant oral lesions. The
following were designated as Potentially Malignant Disorders by the Oral Cancer
Working Group of the World Health Organization:

* Leukoplakia

* Erythroplakia

* Palatal lesion of reverse cigar smoking
* Oral lichen planus

* Oral submucous fibrosis (SMF)

* Discoid lupus erythematosus

* Hereditary disorders such as dyskeratosis congenita and epidermolysis bullosa.
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3.3.1.1. LEUKOPLAKIA

The word "leukoplakia™ was coined in 1877 by Schwimmer of Budapest to describe
whitish changes on the tongue that precede the development of lingual cancer in
tertiary syphilis. It is the most frequent precancerous lesion and the PMD with the
most research. The WHO working group defines leukoplakia as "a keratotic white
patch or plaque that cannot be scraped off and cannot be clinically or pathologically
distinguished from another disease.” Consequently, the condition is diagnosed
through a process of exclusion. B!

Etiopathogenesis

The cause of leukoplakia is yet unknown. Numerous physical agents, including
cigarettes, alcohol, prolonged friction, electro galvanic reaction between dissimilar
restorative metals, and ultraviolet radiation, have been proposed. Tobacco smoking is
the most widely established risk factor. Smokers are six times more likely to develop
leukoplakia than nonsmokers. Clinically, leukoplakia can be differentiated into
homogeneous (Figure 2) and nonhomogeneous types. The nonhomogeneous type is a
white lesion that can be irregularly flat, speckled or nodular. Verrucous leukoplakia is
an additional kind. Although verrucous leukoplakia typically has a white, uniform
appearance, its verrucous texture distinguishes it from homogeneous type. Clinical
characteristics of verrucous leukoplakia and verrucous cancer are identical.
Proliferative verrucous leukoplakia (PVL) is a subtype of verrucous leukoplakia,
distinguished by its multifocal presentation, resistance to treatment, and high rate of

malignant transformation, seems more prevalent in elderly women.
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Figure 2 B%: Leukoplakia of the ventral tongue and floor of mouth

Table I: BY Risk factors associated with malignant transformation of the oral
leukoplakia

RISK FACTORS

Female sex

Long standing leukoplakia

Leukoplakia in non-smokers

Leukoplakia found on the tongue and/or floor of the mouth

Size of the leukoplakia >200 mm?

Non-homogenous type of leukoplakia

Leukoplakia with presence of epithelial dysplasia
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Various phases of leukoplakia have been described: &2

Phase 1: Thin gray-white translucent plaques which are soft and flat.
Phase 2: Homogenous thick smooth or fissured leukoplakias.
Phase 3: Nodular or granular surface or verruciform leukoplakia

Phase 4: Erythroplakia, speckled leukoplakia, non-homogenous leukoplakia.

The possibility of malignant transformation of leukoplakias depends on multiple
factors along with other risk factors. (Table I)

* Female gender

* Long duration of leukoplakia

* Leukoplakia in nonsmokers (idiopathic leukoplakia)

* Location on the tongue and/or floor of the mouth

* Size > 200 mm2

* Nonhomogeneous type

* Presence of Candida albicans

* Presence of epithelial dysplasia. [32]

3.3.1.2. ERYTHROPLAKIA
Erythroplakia is defined as "a flaming red patch or bright red velvety plaques that
cannot be clinically or pathologically identified as any other disease."

Shear ¥ suggested a classification of OE in 1972.
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Classification B3

(A) CLINICAL VARIATIONS

(1) Homogeneous Erythroplakia

(2) Erythroplakia interspersed with patches of leukoplakia

(3) Granular or speckled Erythroplakia (embracing the lesion described as speckled

leukoplakia)

(B) MICROSCOPIC VARIATIONS

(1) Neoplastic

(a) Squamous carcinoma

(b) Carcinoma in situ (intra-epithelial carcinoma) and less severe forms of epithelial

atypia

(2) Inflammatory

(a) Candida albicans infections (including denture stomatitis)
(b) Tuberculosis

(c) Histoplasmosis

(d) Miscellaneous specific, non-specific, and non-diagnosable lesions

Erythroplakia is less prevalent than leukoplakia, with a reported prevalence ranging

from 0.02% to 0.83 %. It primarily affects those between the ages of 40 and 60. There
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is no preference for either gender. This lesion has been dubbed "the dangerous oral
mucosa” due to the fact that it generally appears as carcinoma in situ, severe epithelial
dysplasia, or superficially invasive cancer under the microscope. In situations with a
very high risk, such as lesions on the floor of the mouth in heavy smokers and
alcoholics, eighty percent of these red patches may include microinvasive cancer foci
at the time of the initial biopsy. Any region of the oral and oropharyngeal cavity may
become affected, typically solitary. This solitary presentation is frequently useful for
clinically separating Erythroplakia from erosive lichen planus, lupus erythematosus,
and erythematous candidiasis, as these lesions nearly invariably occur bilaterally,

symmetrically.

3.3.1.3. ORAL SUBMUCOUS FIBROSIS

Oral submucous fibrosis (OSMF) is a chronic condition characterized by fibrosis of
the mucosal lining of the oral cavity, oropharynx, and frequently the upper third of the
esophagus. With the exception of the earliest stages of the disease, the clinical
appearance is characterized by fibrosis of the lamina propria and submucosa and a

progressive loss of tissue mobility. (Figure 3)

Definition
An insidious, chronic potentially malignant fibrotic disorder affecting the entire oral
cavity and sometimes the pharynx and esophagus. Although occasionally preceded by

and/or associated with vesicle formation, it is always associated with a juxta-epithelial
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inflammatory reaction followed by a fibroelastic change of the lamina propria with
epithelial atrophy leading to stiffness of the oral mucosa, progressive decrement in
mouth opening and inability to eat. **

OSMF is strongly related with areca nut chewing, which is the primary component of
betel quid. Consequently, it is the most prevalent precancerous lesion that is exclusive
to Southeast Asia and India. OSMF is caused by a variety of reasons, including areca
nut consumption, chili pepper consumption, genetic and immunologic mechanisms,
nutritional inadequacies, and others. It has been discovered that DR3 and DR7 are

more prevalent in patients with OSMF.

Clinical manifestations

They are burning sensation, blanching and rigidity of the oral mucosa and
oropharynx, and trismus. The patient may also experience pain and ulcerations in the
oral cavity.

The most distinguishing trait is the creation of a prominent vertical fibrous ridge
within the cheeks, as well as the board-like rigidity of the buccal mucosa. Fibrosis in
the soft tissues causes trismus, feeding difficulties, and even dysphagia. Pathological
characteristics include chronic inflammation, excessive collagen deposition in the
connective tissues below the oral mucosal epithelium, local inflammation in the
lamina propria or deep connective tissues, and degenerative muscle changes. OSF
patients experience a severe burning sensation in the mouth after ingesting spicy
foods. Other symptoms of OSF include dry mouth, pain, taste disorders, restricted
tongue mobility, trismus, dysphagia, and altered tone. In advanced stages, fibrous

bands form vertically in the cheeks, faucial pillars, and around the lips.
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Figure 3 B%: patient with oral submucous fibrosis showing whitish bands in the oral

cavity
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The clinical presentation can be summarized into early and forms:

» Early forms are characterized by burning sensation exacerbated by spicy foods,
vesiculation, blanching of mucosa, and leathery mucosa.

» Late forms are characterized by fibrous bands within the mucosa, limitation of
mouth opening, narrowing of the oropharyngeal orifice with distortion of uvula and
woody changes of the mucosa and tongue.

In India, 0-2% to 1.2% of the urban population accessing dental clinics are affected.
There is a correlation between leukoplakia and oral cancer incidence and OSMF use.
The reported frequency of malignant alteration ranges from 3% to 6%. The potential
precancerous character of OSMF was initially recognized by Paymaster, who detected

squamous cell carcinoma in one-third of his OSMF patients. 4

Histopathologic features

Lamina propria fibrosis and hyalinization result in the atrophy of the underlying
epithelium, which is caused by an unidentified process. In the presence of
carcinogens, atrophic epithelium appears predisposed to squamous cell cancer growth.
Masticatory muscle involvement and replacement with fibrous tissue were noted,
pathologic changes in the blood vessels conspire to reduce perfusion in the affected
muscles, which results in ischemia and necrosis of the muscles. This reduced
perfusion of the muscles and their continued muscular activity can cause the further
depletion of glycogen, which results in fibrosis. Due to the finding that tissue biopsies
result in the creation of further fibrous scars and a worsening of symptoms, tissue

biopsies are rarely performed.
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3.3.1.4. ORAL LICHEN PLANUS

Lichen planus is an autoimmune condition of the skin and/or mouth membranes that
typically affects middle-aged individuals but can occur at any age, with a significant
tendency for females (M: F 1:2). Rarely with oral lesions also have skin lesions. It is
an autoimmune disease caused by T cells in which autocytotoxic CD8+ T
lymphocytes induce apoptosis of oral epithelial cells. Oral mucosal lichenoid lesions
may develop following the treatment of systemic medicines, such as nonsteroidal anti-
inflammatory drugs (NSAIDs), sulfonylureas, antimalarials, beta-blockers, and some
angiotensin-converting enzyme (ACE) inhibitors. Varying intervals exist between the
initiation of medication therapy and the clinical manifestation of oral lichen planus-
like disease. The buccal mucosa, tongue, and gingiva are the most common sites,
although palatal lesions are unusual; any oral area can be affected, with white streaks
producing a reticular pattern like a spider web. The background membrane may be
red, and the white lines may cause blisters and ulcers in certain individuals. Ulcers
may have a metallic flavor and be somewhat painful. The bilateral and symmetrical
nature of the lesions distinguishes them from erythroleukoplakia. Andreasen
distinguished six kinds of oral lichen planus: reticular, papular, plaque-like, erosive,
atrophic, and bullous. The reticular, papular, and plaque-like types are often painless
and manifest as white keratotic lesions on the skin. In many instances, the erosive,
atrophic, and bullous types are linked with a burning sensation and can cause
considerable discomfort.The stated annual rate of malignant transformation is less
than 1%. There are insufficient data to determine which kind of OLP is most likely to
progress to squamous carcinoma, however some studies indicate a higher incidence in

atrophic and erosive ulcerative varieties. The current absence of clinicopathologic
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connection in the diagnosis further contributes to the muddle. Another entity,
lichenoid dysplasia, contributes to the confusion. As there is no specific treatment to

avoid malignant transformation, several experts advise close monitoring of patients.

3.3.1.5. NICOTINE STOMATITIS

Nicotine stomatitis is a hyperkeratotic thickening of the palate mucosa most
commonly associated with pipe smoking or reverse smoking. The palatal mucosa gets
thicker and hyperkeratotic, and its surface may develop fissures. Surface elevations
with red centers, representing the inflamed apertures of the small salivary gland ducts,
appear often. The term nicotine stomatitis is a misnomer because it is not nicotine that
causes the alterations: rather, the extreme heat generated by smoking is responsible.
Although nicotine stomatitis is a tobacco-related condition, it is not considered

precancerous and is easily reversible with cessation of tobacco use.

3.3.1.6. PALATAL LESIONS IN REVERSE CIGAR SMOKERS

In several Southeast Asian and South American countries, the lit end, or the burning
end of the cigarette or cigar is placed inside the mouth, a practice known as reverse
smoking.

This behavior results in a more severe heat-related modification of the palatal mucosa
known as reverse smoker's palate, which has been linked to an elevated risk of

malignant transformation. B!
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3.3.1.7. ACTINIC KERATOSIS

Actinic keratosis is regarded as a potentially cancerous disorder that can manifest in
numerous locations, including the lips. It is frequently related with sun exposure. The
annual progression rate of actinic keratosis to invasive carcinoma ranges between
0.025 and 16%.

Actinic cheilitis is the clinical term for an ulcerative, crust-forming lesion of the
mucosa of a portion or the complete vermilion border of the lower lip. The histology
might range from hyperkeratosis with or without epithelial dysplasia to squamous cell

carcinoma in its earliest stages.

3.3.1.8. TOBACCO POUCH KERATOSIS

The use of smokeless tobacco, such as snuff or chewing tobacco, is associated with a
distinct modification of the oral mucosa. Typically, these lesions manifest in the
buccal or labial vestibule where the tobacco is kept, although they can also affect the
neighboring gingiva and buccal mucosa.

It is expected that 15 percent of chewing tobacco users and 60 percent of snuff users
will have clinical lesions. Hyperkeratosis and acanthosis of the mucosal epithelium
are visible under the microscope in smokeless tobacco keratoses. True epithelial
dysplasia is uncommon; when identified, the dysplasia is typically minor.

Within two to six weeks following cessation of tobacco use, the majority of tobacco

pouch keratoses are reversible.
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HEREDITARY DISORDERS WITH INCREASED RISK OF MALIGNANT
TRANSFORMATION

The disorders Dyskeratosis Congenital (DC) and Epidermolysis Bullosa are
associated with an increased risk of oral cancer. They are rare inherited disorders. The
majority of X-linked DC cases affect males. Patients with DC frequently acquire
white plaques on the dorsal tongue that may be confused with leukoplakia; however,
the absence of habits and their youth may indicate that this illness is inherited. There
is a report of malignant alteration inside the white patch regions. In Xeroderma
pigmentosum and Fanconi's anemia, malignancies, including mouth cancer, are more

prevalent. ¢!

3.3.2. DIAGNOSIS

Based on history, clinical symptoms, clinical examination and histological analysis,
oral cavity premalignant lesions are typically identified. Brush cytology/biopsy is a
minimally invasive procedure in which a brush is used to obtain a complete trans-
epithelial specimen as opposed to only exfoliated surface cells. As this is a trans-
epithelial approach that requires sampling the basal, intermediate, and superficial
layers of the lesions, it cannot be used to discriminate carcinoma in situ from invasive
carcinoma. The sensitivity of this approach ranges from 73% to 100%, and its
specificity from 32% to 94%. 36 On the basis of the histological findings, leukoplakia
can be classified as dysplastic or non-dysplastic.

The diagnosis is confirmed by a biopsy that also measures the severity of dysplasia.

The histopathology of Erythroplakia reveals moderate or severe dysplasia. In actinic
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cheilitis, histological examination reveals hyperplasia, acanthosis, or atrophy of the
epithelium, keratin layer thickness, and/or mild to moderate dysplasia. In addition to
these epithelial alterations, connective tissues exhibit a basophilic degeneration of
collagen fibres known as sun elastosis. In OSMF, chronic inflammatory cells
including eosinophilic components infiltrate the sub-epithelial tissues, as determined
by histopathology. Long-standing lesions are characterised by diminished vascularity,
fewer inflammatory cells, and the deposition of dense sheets of collagen immediately
under the epithelium. Frequently, the diffuse hyalinization of the subepithelial stroma
spreads into the submucosal tissues, which replace the fatty and fibrovascular tissues.
Narrow band imaging (NBI) detects premalignant and malignant lesions with a high
degree of precision. NBI aids in the identification of premalignant and early

malignant illnesses of the oral cavity, as well as the evaluation of tumor invasion. "

3.3.3. TREATMENT

Diagnosis and treatment of premalignant lesions of the oral cavity can prevent the
development of squamous cell carcinoma of the oral cavity.B® If leukoplakia is
treated in its earliest stages, the risk of developing oral cancer can be decreased.
Although there are several therapeutic options for leukoplakia, none are suitable for
limiting the malignant development of the condition. The choice of treatment options
relies on the leukoplakia's clinical stage. The technique of treatment is determined by
the presence or absence of dysplasia as determined by histological analysis. In the
early stages of leukoplakia, the treatment technique tries to eliminate potential
etiological factors, such as cigarette and alcohol cessation, as well as the elimination

of mechanical and chemical damage. Two to four weeks are required for the
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surveillance of leukoplakia. If the lesion does not improve during the observation
period following discontinuation of the etiological causes, a histological diagnosis
must be performed. The choice of treatment is determined by the presence or absence
of dysplasia in oral cavity leukoplakia. In the absence of improvement or in the

presence of dysplasia, surgical therapy is required. ¢

3.3.4. MANAGEMENT
The majority of PMD are asymptomatic, and the primary goal of treatment is to
prevent or diagnose malignancy early on. There are three therapy options for PMD:

e Close observation,

e Surgical excision/ablation, and

e Medicinal treatment
Observation: There are patients with early, tiny, clinically benign-appearing lesions at
advantageous places can be noted. The patient must be informed of the need for

frequent follow-ups and the likelihood of malignant change.

The standard therapy for leukoplakia continues to be a surgical resection with
negative margins. Surgical resection is undertaken to eliminate areas with a high
likelihood of developing an early carcinoma or undergoing an early malignant

transformation.

The attempts to eliminate all clinically apparent areas of leukoplakia or histologically
identified areas of dysplasia are unfeasible in many cases. They can often result in
more morbidity than benefit to the patient due to scarring and contracture. This

difficulty to properly eliminate all precancerous areas with surgery is a result of the
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vast "field effect” prevalent in the oral cavity, It is due to this effect, which exposure
to carcinogens induces premalignant alterations over large areas of mucosa. In
addition, excision i.e., surgically removing of the entire patch irrespective of its size
can be associated with high rates of recurrence. In certain trials, however, excision of
leukoplakia did not reduce the rate of malignant transformation.

Ablation using a laser has also been promoted for the elimination of Oral
Premalignant Disorders. This method has the potential advantage of being non-
invasive technique, quicker healing process, less scarring, but the absence of a
resected specimen for histopathologic and genetic investigations is a major
disadvantage. However larger scale studies are still essential to conclude an extensive
efficacy of laser therapy and other effects of it.

Photodynamic therapy is another ablative treatment being researched for PMD.
Intravenously or topically, a photosensitizing drug, such as hematoporphyrin
derivatives or 5-ALA, which targets neoplastic cells preferentially is delivered. The
targeted tissue is then subjected to a certain wavelength of light, which activates the
photosensitizer and causes it to transfer energy to molecular oxygen, resulting in the
formation of reactive oxygen species and consequent tissue damage. Several modest
clinical studies have demonstrated good outcomes for the treatment of premalignant

epithelial lesions. B!
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3.3.5. PROGNOSIS

'Early detection and treatment are among the leading solutions for preventing disease
progression, improving patient quality of life and survival, and reducing morbidity.
Oral potentially malignant disorders (OPMDs) comprise a group of oral mucosal
diseases with different morphological characteristics that can progress to oral
squamous cell carcinoma (OSCC). Given OSCC's poor prognosis and high mortality,
early diagnosis is a priority step in OSCC. Development of potentially malignant
disorders and oral SCC are multistep processes involving genetic changes due to
exogenous or indigenous factors. There is currently no molecular or histopathological
pathognomonic hallmark that can predict the malignant transformation of potentially
malignant disorders. The analysis of the clinical aspects of these lesions remains the
best way to control and prevent the development of oral SCC. Thus, accurate
diagnosis and timely treatment may help prevent the transformation of potentially
malignant disorders into OSCC.

Early treatment of oral cancer will increase patient survival, improve quality of life,
and result in less morbidity and a better prognosis. To reach this goal, early detection
of malignancies using technologies that can be used in remote and low-resource areas
is desirable. There is a link between the degrees of dysplasia and malignant cell
transformation. In epidemiological studies assessing the risk of OPMDs in India, it
has been found that 80% of oral cancers were preceded by OPMDs. OPMDs
management focuses on preventing risk factors and surgical excision of lesions with
moderate and severe epithelial dysplasia. Non-surgical approaches involve the use of

systemic and topical medications.
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Early lesions screening is essential to ensure timely diagnosis or follow-up in case of
confusing lesions to minimize the malignant transformation. Prognosis and patient
survival is directly related to the stage and grade of cancer at initial diagnosis. The
natural history of OPMDs has no consistent pattern, and it is difficult to predict who
may develop cancer following the detection of an OPMD.

Most cancers tend to arise during the first two years after the detection of an OPMD,
but follow-up studies indicate that the risk may continue to exist for 10-15 years. The
high-risk OPMDs include Erythroplakia, erythroleukoplakia, proliferative verrucous
leukoplakia, and oral submucous fibrosis, and risks are lower in homogeneous
leukoplakia and in oral lichen planus. Though most OPMDs are asymptomatic at the
time of presentation, careful observational studies during periods of follow-up
indicate that around the time of malignant transformation, some patients may
experience symptoms such as increased redness, ulceration, or tingling sensation and
pain indicative of suspected malignancy.

The management protocols should therefore provide immediate access for a patient
with an OPMD to consult a senior clinician in the follow-up team in such situations.
A re-biopsy is indicated to detect any malignancy in an early stage or to plan its
exclusion. An early diagnosis and management can, at the most, decrease the chances
of turning to malignancy and may also cease it, ultimately not posing any threat to
future malignancies. Patients diagnosed with an OPMD should have sufficient access

to healthcare facilities for regular follow-up.
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3.4. IMMUNE PROFILING OF ORAL CANCER

In the 8th edition of The American Joint Committee on Cancer (AJCC) Staging
Manual's "Head and Neck", significant improvements have been made to the staging
of oral cancer. Despite this, tumors of the same stage are observed to be
heterogeneous in responsiveness to therapy and aggressiveness. In terms of predicting
progression and overall survival, the incorporation of immunological contexture can
provide information that is comparable or even superior to TNM staging. The
genomic and molecular signatures of oral cancer and of the infiltrated immune system
are focused on identifying key biological molecules that may be linked to cancer
development, risk assessment, screening, predicting recurrence, prognosis, and
invasion/metastasis, and are significant determinants of immunotherapeutic response.
The significance of immune profiling is attributable to the fact that patients belonging
to distinct molecular subgroups may respond optimally to different treatments. In
addition, technological advancements have changed immune profiling, which has
shifted from analyzing a single marker using immunohistochemistry (IHC) to
sequencing a vast number of immune-related genes. This portion of the article
highlights the significance of profiling TME and tumor cells, their biomarkers,
identifying immune cell-associated genes and proteins, and the techniques applied for

immunological profiling in oral cancer. [*°!

3.5, IMMUNOGLOBULINS

Immunoglobulin (Ig) molecules consist of two immunoglobulin heavy (IgH) chains
and two immunoglobulin light (IgL) chains connected by disulfide bridges to produce

a twofold symmetric structure. IgH chains are separated into five isotypes: Igu, Igy,
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Iga, Igd and Ige, as well as four subclasses of Igy (Igyl, Igy2, Igy3 and Igy4) and two
subclasses of Iga (Igal and Iga2). Igl chains contain two distinct isotypes: Igk and
Ig). Variable (V) regions at the N-terminus of the IgH and IgL chains are very variable
in their sequences and are responsible for antigen recognition. In contrast, the C-
terminal sections of the IgH and IgL chains are sequence-constant and are hence
referred to as constant (C) regions. The creation of V region diversity is crucial for
functional lg expression and the capacity of Ig molecules to recognize a variety of
antigens. This process involves multiple molecular processes, including V(D)J
recombination, somatic hypermutation (SHM), and class-switch recombination (CSR).
Ig molecules are essential components of humoral immune responses. By neutralizing
antigens and mediating antibody-dependent cellular cytotoxicity (ADCC),
complement-dependent cytotoxicity (CDC), and antibody-dependent cellular
phagocytosis (ADCP), these molecules serve as antibodies in immunological defence

(ADCP).

B cells are believed to be entirely responsible for Ig production of the five known
classes (IgA, IgM, IgG, IgD, and IgE). Igs of the classes IgG, IgA, and IgM, as well
as their respective mRNAs, were detectable in the cytoplasm and supernatant of

malignant non-B cells.

Due to their neoantigenic properties, tumor-specific V(D)J patterns can be used not
only as biomarkers but also as immuno-therapy targets, thanks to the distinctiveness
of the expressed Ig repertoire. In addition to Igs directly derived from solid tumors, a
disproportionately high number of malignant plasma cells may be the source of

unusual Igs. Plasma cell neoplasms are characterized by an abundance of benign or
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malignant plasma cells. Monoclonal gammopathy of unknown significance (MGUS)
and multiple myeloma are typical neoplasms. B cells generated from MGUS release
copious amounts of monoclonal Igs. Multiple myeloma is known to originate from
MGUS and expresses 1% of specific Ig types. These malignant B cells produce
predominantly 1gG, followed by IgA, single free light chains (Bence Jones myeloma),
and IgD, all of which are detected in serum or urine testing. In addition to proteinuria,
renal insufficiency and amyloidosis are caused by an abnormal number of Igs.
Patients' immunodeficiency is caused by the relative decrease of polyclonal

antibodies. 12
3.5.1. Serum immunoglobin; IgA

IgA is the most prevalent antibody on mucosal surfaces and the second most prevalent
antibody in serum (~15%; 2-3 mg mL™), behind 1gG (80%; ~10—20 mg mL™). More
IgA is produced daily than all other antibody isotypes combined (66 mgkg ‘day %),
however serum IgA is rapidly degraded, resulting in a relatively short half-life (4-6
days). IgA is distinguished from other antibody isotypes by its N-linked glycan and
disulfide bridge configurations. (Figure 4) The fragment antigen-binding region (Fab)
is required for antigen binding, neutralization, and opsonization, whereas the Fc
region is crucial for beginning innate immune effector actions. IgA is composed of
two heavy chains and two light chains, each of which is folded into several globular
domains, including four heavy-chain domains (VH, Cal, Co2 and Ca3) and two light-

chain domains.
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Figure 4 3: Schematic diagram of immunoglobulin A (IgA) subclasses IgAl and

IgA2, glycosylation patterns and their respective heterogenous molecular forms.
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Humans possess heterogeneous IgA molecule forms including monomeric (mlgA),
dimeric (dIgA), polymeric (plgA), and slgA. In addition to IgA subclasses, these
molecular forms are variably dispersed throughout body compartments. IgA is
predominantly migAl (90%) in serum, which is produced in the bone marrow and
transferred to the blood. In contrast, the protease-resistant hinge region results in a
proportionate rise of IgA2 in the majority of mucosal secretions. In addition, mucosal
IgA is generated locally as dIgA in organised gut-associated lymphoid tissues, where
IgA2 plasmablasts home to specific sites. dIgA undergoes transcytosis across

epithelial cells and into the mucosal lumen via polymeric immunoglobulin receptor.

[41]

Historically, 1gA was regarded as a noninflammatory antibody due to the role of sIgA
in the downregulation of proinflammatory responses to pathogens and food antigens
by preventing binding to other Fc receptors, rather than by activating anti-
inflammatory pathways such as those described in a later section. In slgA-deficient
patients, where an increased risk of autoimmunity and allergy is found, the
importance of sIgA as a noninflammatory antibody is underlined. Extensive research
on mucosal secretions supports the function of slgA in the passive and maybe active
immune protection of neonates in colostrum and breast milk IgA. In addition, adult
slgA maintains microbiota diversity and growth equilibrium and contributes to
passive defence against invading pathogens. Comparatively, the function of serum

IgA (mlgA, dIgA, and plgA) is comparatively unexplored.
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Serum IgA and FcoRI: Human FcaRI (CD89) is constitutively expressed on
monocytes, eosinophils, certain macrophages, intestinal dendritic cells, Kupffer cells,
and neutrophils, which are the most prevalent blood cells expressing FcRI. FcaRI has
a ligand-binding chain that maps to chromosome 19 alongside the genes for natural
killer cell receptors (KIR) and leukocyte immunoglobulin-like receptors, in contrast to

IgG (FcyR) and IgE (FceR), which map to chromosome 1.

The FcaRI o chain contains two extracellular domains resembling immunoglobulins,
a transmembrane region, and a short cytoplasmic tail devoid of recognized signaling
patterns. FcaRI must connect with the immunoreceptor tyrosine-based activation
motif (ITAM), which can be phosphorylated to activate signal transduction, for
signaling to occur. 1 IgA:2 FcaRI are required for the binding of monomeric serum
IgA Cal and Ca2 Fc domains to the membrane distal domain of FcaRI. In addition,
two FcaRI single-nucleotide polymorphisms have been discovered in humans:
Ser248/Gly248 and Asp92/Syn92. Gly248 FcaRI has been linked to an increase in the
proinflammatory potential of serum IgA, whilst Asn92 FcaRI has been linked to an
increased risk of myocardial infarction. ! (Figure 5) There are no recorded cases of
low or no FcoaRI expression on myeloid cells in humans, in contrast to FcaRI
abnormalities that correlate with susceptibility to autoimmunity, chronic
inflammation, and infection, underlining the potential role of FcaRI in homeostasis
and inflammation in humans. It is essential to note, however, that IgA deficiency in

humans has been linked to increased vulnerability to viral illness and autoimmune.
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signal cascades and resulting Fc effector functions
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IgA appears to be potent in the recruitment and activation of neutrophils via the FcRI
to kill tumors, making it an attractive target for mAb antitumor therapy. Most research
has focused on IgG in mADb therapy due to its potent antitumor mechanisms, such as
complement activation and natural killer cell mediated ADCC. Modifications to IgA
mADbs can enhance their half-life as well as stability. Combinations of IgG and IgA
mADbs can increase tumor Killing, and "cross-type antibodies” such as IgGA and
tandem antibodies combine the best anticancer effects of 1IgG (complement binding)

and IgA (cytotoxicity/phagocytosis). [+*]
3.5.2. Serum immunoglobin; IgG

Immunoglobulin G (IgG) is generated as a result of daily allergen exposure. Peanut,
milk, and other natural allergens induce antibody responses, notably 1gG, upon
inadvertent intake, and every individual has a unique and varied repertoire of

antibodies to their food and environment.

Immunoglobulin G class or subclass antibodies are correlated with allergies and Th2
cytokine responses to allergens that sensitize the immune system. Several
autoimmune inflammatory disorders, including rheumatoid arthritis (RA) and
systemic lupus erythematosus (SLE), are characterized by elevated immunoglobulin
G antibodies, in which the pathology recapitulates the immunological damage. [ In a
few instances, the expression of complete 1gG, or at least the expression of entire Ig
chains, was also observed in noncancerous, nonlymphoid tissues, such as normal

human lung and colon tissues. (Figure 6)
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Figure 6 [*!: Human IgG (green) circulates in the bloodstream of healthy individuals
and tumor patients, while CIgG (blue) is only present in the blood of tumor patients.

Anti-human IgG antibodies (grey).

40



3. REVIEW OF LITERATURE

These non-lymphoid and non-cancerous Igs have unknown roles. Similarly, the
precise function of cancer-derived Igs (Clg) remains largely unknown; however, there
is evidence of a cancer-promoting effect. Inhibiting the generation of cancer-derived
IgG (ClgG) with anti-human 1gG antibodies and siRNA results in an increase in
tumor cell death, as well as a reduction in colony formation and invasion. The
significant difference between Igs produced by B cells and Clgs produced by cancer
cells appeared as restricted patterns of V(D)J recombination in ClgGs and Igs of
normal tissue controls relative to 1gGs produced by B cells. RP215, an antibody that
detects ClgG selectively and has a potent anticancer effect in vivo, makes it possible

to differentiate B-cell-derived IgG from ClgG.

Multiple research groups discovered 1gG expression in tumor tissues originating from
various organs. Regarding the peritumoral and possibly systemic effects of ClgG,
very little is understood. Some evidence points to a mechanism of action for ClgG on
T cells involving sialic acid-binding immunoglobulin-type lectins (siglecs). It is
believed that they are more essential in the immediate tumor microenvironment than
in the circulation. ClgG has also been shown to have direct effects on platelets.
(Figure 7) This suggests not only direct impacts, but also systemic ones. Several
groups have studied the impact of platelets on cancers. In this instance, platelets
envelop circulating tumor cells, protecting them from NK-cell-mediated cytolysis. For
stable adherence, tumor cells can release platelet-activating substrates such as ADP
and proteins such as thromboxane A2 or high-mobility group. By binding toll-like
receptor 4, these substances trigger activation. Platelets can also control tumor

development, angiogenesis, and metastasis. They impact tumor cells because of their
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high number of surface receptors and secreted chemicals, which include thromboxane,
platelet-derived growth factor, and vascular endothelial growth factor. Upon
activation, P-selectin (CD62P) migrates from an internal site to the cell surface.
Blocking CD62P decreased metastatic colon cancer foci in the lungs of mice and
decreased platelet binding to tumor cells, suggesting that CD62P is directly implicated

in the protumoral characteristics of platelets. 1!
3.5.3. Serum immunoglobin; IgM

IgM, which has p heavy chains, is the initial class of antibody generated by and
appearing on the surface of a developing B cell, despite the fact that many B cells
subsequently switch to other classes. It is also the principal type of antibodies released
in the blood during the initial phases of a primary antibody response to an antigen.
IgM is an organism'’s initial line of defence. IgM is a pentamer composed of 5 4-chain
units in its secretory form, giving it a total of 10 Ag-binding sites and a higher
valency than the structures of other immunoglobulins (l1gs), allowing it to bind Ags
with high avidity. Each pentamer comprises one copy of a J (joining) chain, which is
another polypeptide chain. IgM controls B cell formation, promotes the removal of
apoptotic cells, affects inflammatory reactions and autoimmune disorders, and

mediates the elimination of cancer cells. [*?]
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formation, proliferation, and invasion.
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The complement system is initiated by the binding of Ag to a single, pentameric,
secretory IgM molecule. This activation designates pathogens and altered cells for
phagocytosis or Kills them directly when the Ag lies on the surface of an invading

pathogen, senescent cells, cell debris, or precancerous or cancer cells.

Natural IgM antibodies

Natural Abs are primarily IgM, with smaller amounts of IgA and 1gG, are
polyreactive, and have a low affinity. Without exogenous antigenic stimulation or Ag-
driven selection, IgM circulates naturally in healthy persons. Serum IgM
concentrations of infants and animals raised in sterile circumstances on an Ag-free
diet are identical to those of normal animals. IgMs are also present in humans. IgM
has a crucial role in the major defensive systems. Reacting with cell surface receptors
and identifying and eliminating apoptotic and senescent cells, cell debris, and self-
Ags, they participate in the early recognition and clearance of bacterial and viral
invaders and changed self-material from an organism. Natural IgM Auto-Abs assist in
inhibiting pathogenic 1gG auto-Ab responses.

IgM is linked to the identification and elimination of precancerous and cancerous
cells. Identifying the conserved structures of carbohydrate epitopes, natural IgM binds
preferentially to tumor-specific, post-transcriptionally changed cell surface Ags,
recognizing their carbohydrate epitopes. Carbohydrate epitopes identified by natural

IgM are persistently produced in numerous tumor precursor stages.
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In contrast to epitope-based single-peptide chains, glycoepitopes share structural
homologies that extend beyond the protein families; hence, they can cross-react and
are the preferred targets for natural IgM Abs. Produced by a limited subset of B1 cells
(CD5+) and B cells in the marginal zone (MZ), natural IgM does not require affinity
maturation to give early protection. Germline-encoded IgM antibodies are not

affinity-matured.

Adaptive IgM antibodies

Adaptive IgM is the first antibody to arise in response to an immunological challenge,
although its production typically declines as 1gG develops. As a result, IgM is not
widely thought to have a large role in long-term immunity, despite its effectiveness in
host defence. Typically, durable humoral immunity is coupled with the formation of
high-affinity Ab and isotype switching. Immunization-induced IgM varies from
naturally occurring IgM in terms of its structure in the Ag-binding centres, affinity,
specificity repertoire, and spectrum of functions. These IgM Abs represent a small
proportion of the circulating molecules; they are monoreactive, have a high affinity
(10-7 to 10-11 mol-1), and their variable regions contain point mutations. 35 hours is

the half-life of monoreactive IgM. “"“® (Figure 8)
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Figure 8 I*/: Natural IgM is produced by B1 cells and marginal zone cells, and

adaptive IgM is synthesized by B2 cells.
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3.6. KEY BIOMARKERS

3.6.1. Immune and Non-Immune Cell Markers

OSCC is associated with significant differences in the amount of T cells, MDSCs,
TAMs, and numerous other immune and non-immune cells. This profile of cells with
biomarkers can not only aid in the diagnosis and prognosis of oral cancer patients, but
it can also identify parameters for the optimal immunotherapeutic strategy. CD11c,
CD80, and HLADR are some of the hallmark immune cell biomarkers utilized in
OSCC investigations to detect M1 TAMs, while CD163, CD11b, CD206, and MRC1
are used to detect M2 TAMs. CD68 is a pan macrophage marker, despite not being
specific. Several markers, including S100, CD1la, CD83, CD207, CD208, CD80,
CD11c, CD86, and HLA-DR, are used to detect DCs, but the most frequently
accepted markers are CD1a for immature DCs and CD83, which has been proven to
be expressed on activated and mature DCs.

The T-helper cell markers CD4 and Tregs, a subset of CD4+ cells, are utilized to
identify OSCC, as are several other markers. CD25, CD127, cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4), lymphocyte activation gene-3 (LAG3), and
fork/winged-helix transcription factor box P3 are involved in this process (FOXP3).
Nevertheless, the most well acknowledged Treg markers are CD4+ CD25+ FOXP3+
and CD4+ CD25+ CD127 low. Pan B cell markers include CD19 and CD20, and
CD19+ B cells have been identified as a predictive factor for oral tongue squamous
cell cancer (OTSCC). Other cells include MDSCs, which lack consistent markers but
have been identified as expressing CD33 and CD11b; CAF, which express SMA; and

endothelial cells that express CD31 and CD34. ¥ (Figure 9) Inflammatory
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Biomarkers There is evidence that chronic inflammation plays a major role in the
development of OSCC. The creation of inflammatory mediators serves to activate the
immune system against the tumor, but inflammatory mediators can also encourage
tumor growth and could be used as potential biomarkers. In malignancies, the
systemic inflammatory response (SIS) has been the subject of extensive research.
Neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR),
platelet-to-lymphocyte ratio (PLR), and C-reactive protein (CRP) are the most often
used biomarkers for SIS evaluation. According to a study conducted by NLR, disease-
specific survival in young OSCC patients is also substantially associated with NLR.
CRP is an early indicator of inflammation, and it was found that the preoperative
serum CRP level effect was more pronounced in oral cancer and served as a
prognostic indicator in OSCC. The nuclear factor kappa-beta (NF-B) plays an
important function in the inflammatory process and has been associated to
carcinogenesis. By modulating NF-kB, the receptor for activated C kinase 1 enhances
the polarization of M2 macrophages and accelerates the progression of OSCC. IL-1,
IL-6, IL-8, TNF-a, and TGF-3 are examples of proinflammatory cytokines, while IL-
2, IL-12, IL-4, IL-10, and IFN-yare examples of anti-inflammatory cytokines.
Cytokines play a key role in modulating the immune response. Cyclooxygenases are
enzymes that convert arachidonic acid to prostaglandins; chronic inflammation is
strongly associated with the production of cyclooxygenase (COX- 2) in the onset of
carcinogenesis. Cell migration and the control of cytokine levels at the site of
inflammation are mediated by MMP, and their potential as biomarkers have been

investigated by a large number of OSCC researchers. %
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3.6.2. Serum biomarkers

Biomarkers (Table I1) in serum are molecules that undergo quantitative changes
during tumor development. Typically, malignant cells produce a marker and release it
into the bloodstream or express it abundantly on the cell surface. These indicators can
be utilized to predict tumor recurrence or metastasis due to the fact that the
development of the malignant tumor alters their concentrations.

Tumor markers are often termed as measurable biochemicals that are associated with
malignancy. These markers are either produced by tumor cells (tumor-derived) or the
body in response to tumor cells (tumor-associated). Although tumor markers are
usually imperfect as screening tests for detecting occult (hidden) cancers, once a
particular tumor has been found using a marker, the marker may be a way of
monitoring the success (or failure) of treatment.

The tumor marker or molecule is both tumor-specific and tumor-associated. Tumor-
specific substances are considered to be a direct outcome of oncogenesis, wh