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ABSTRACT

Introduction:

OSCC is a major public health problem and it raaksong the top ten cancer
worldwide. Though there are several modalities ti@atment of OSCC but the
prognosis remains to be podrhe researchers have reported several molecules in
these steps of OSCC which undergo mutations. Odle swlecule is from the Zyxin
family of proteins, named AJUBAThe AJUBA is a cytosolic protein and has the
ability to shuttle between the nucleus and cytapldas is a multifunctional scaffold
protein which takes part in several physiologicatditions. Recent studies on various
malignancies have noted its association in tumogmassion, growth, migration and

in few malignancies as a tumor suppressor. Thesiesigarse literature available on its
role in OSCC and normal oral mucosa. The presendystims to evaluate the role of

AJUBA in normal oral mucosa and OSCC.

Objective:

* To assess and compare the immunoexpression of AJwBAormal oral

mucosa and oral squamous cell carcinoma.

* To corelate the immunoexpression of AJUBA in ogulamous cell carcinoma

with demographic and clinicopathological parameters

Materials and Method:

In the present study, FFPE blocks of 42 each, nloars mucosa and OSCC were
obtained. Two sections of each with 3um thicknesee obtained. One section was
stained with hematoxylin and eosin and other seatias stained with Anti- AJUBA

polyclonal antibody. The normal oral mucosa slidegere analysed for

XVi



immunoexpression of AJUBA among the different layef the epithelium and
deeper part of the connective tissue componenD&CC cases we analysed the
immunoexpression of AJUBA at the superficial andgasive front of the tumor,
localization in tumor islands, cellular locationtin the tumor cells and percentage
of positivity. Further the intensity of immunoexpstoon of AJUBA in normal oral
mucosa and oral squamous cell carcinoma was coohpsve also evaluated the
association of immunoexpression of AJUBA with denaphpic and

clinicopathological parameters in all cases of stalamous cell carcinoma.
Statistical analysis:

In normal oral mucosa and OSCC frequency percentaggecalculated both in the
epithelium and connective tissue. Comparison of imaexpression of AJUBA in
normal oral mucosa and OSCC with intensity of st@nand corelation of
immunoexpression of AJUBA with the clinicopathologi parameters was done

using Chi square test.
Results:

Immunoexpression of AJUBA in normal oral mucosa vi@snd predominantly in
basal and supra basal layer of the epithelium dsd i@ the deeper part of the
connective tissue component. The cellular locaiiomajority of the cases was seen
both in nucleus and cytoplasm. In all the OSCC s£aseenhanced immunoexpression
of AJUBA was noted and percentage of positivity vB&8s75% with localization of
AJUBA at the periphery of the tumor islands and a@urcells showing nuclear and
cytoplasmic location. Intensity of expression ofJ8A in OSCC cases was enhanced
when compared with normal oral mucosa. Among theatgaphic and clinical

pathological parameters, statistically significardgssociation with AJUBA
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immunoexpression was found only in two parameters histological tumor grade

and inflammatory response.
Conclusion:

To conclude, this is the first study of its kindoshng immunoexpression of AJUBA
in normal oral mucosaAJUBA is known as a key regulatory protein invohiacepithelial

proliferation and stratification in the normal phytegical context and thus its enhanced

expression in the normal oral epithelium validatssrole in normal epitheliumWe also
hypothesize that the upregulation of immunoexpogssi AJUBA in the OSCC cases
when compared to the normal oral mucosa may suggesspossible role in tumor

growth and progression.

Key words:

Normal oral mucosa, Oral squamous cell carcinond&)BA
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I ntroduction

INTRODUCTION

Oral Carcinoma (OSCC) an entity of Head and Necdici@amas (HNSCC) is
a neoplasm particularly prevalent in developingntoas across the world, affecting
more than 40,0000 individuals annudllfThis disease is seen to affect males more
than females with an increased mortality and madtpidate’. These rates have
remained unchanged though the research in oncdlagyevolved as the patients are

unaware of oral cancer and its risk factors

A multifactorial etiology like tobacco use, alcohobnsumption, dietary
factors, immunodeficiency and viral infections ciaad to the occurrence of this
malignancy. Various histopathological parameteay jal key role during the diagnosis

of the disease and in understanding the patiegnosis and survivar.

This epithelial neoplasm disrupts several molecaled causes alterations in
physiological signalling pathwa¥ssuch as Wt involved in cell differentiation,
proliferation and migration, NOTCHcell proliferation, HIPP®& determination of an

organ growth and size, SNAIL/SNAGepithelial mesenchymal transition etc.

Tumour infiltration and metastasis in the cancetlsceccurs due to
dysregulation of these pathways resulting in unmtled neoplastic cell growth.
These pathways involve series of tumor host intemas and also are mediated by

certain proteins present in the cellular and stibnlee components of the c&ii

Thus, it is important for onco-biologists to undarsl these proteins
mechanisms underlying this neoplastic diseaseeobthl cavity so that new therapies

may be rationally appliéd
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I ntroduction

A genetic atla¥ of HPV associated HNSCC revealed that AJUBA protei
mutations are seen in 0- 6% cases and their fisdaigpwed that overexpression of

AJUBA led to increased cellular growth and probfiéon of cells.

AJUBA® belongs to the Zyxin family which include LIMD1,JNBA, LPP,
WTIP etc. “The Ajuba adaptor proteins are charaoter by the presence of three
highly related tandem LIM domains at their carbotgriminus (the LIM region), and
a variable proline-rich amino-terminal preLIM regid AJUBA takes part in various

physiological and pathological conditions.

In physiological conditions it participates in emdnic development,
mediating various cellular processes like, cellnrairganization, cell adhesion, cell
migration, proliferation and also in mitosis. Inlleecell adhesion it takes part in
intracellular interactions mediated by cadherin ifgnof proteins, it interacts with
filamentous actin and helps in actin mediated dggteton organization. In the G2
phase of cell cycle AJUBA prevents activation ofréna- A and depletes at the

centrosomes in late G2 phase and inhibits mitaticy&**>

In pathological conditions AJUBA is seen to actsystemic malignancies like
ESCC®Y colorectal cancét®’ cervicaf?, breast®® prostate cancer etc. by
negatively regulating the “Hippo pathway by activatof the Ras- MAPK pathway”,
it takes part in transcriptional regulation by “8nhalependent repression of E-
cadherit” and helps in epithelial mesenchymal transmissiod also known to takes
part in response to DNA damage by repressing th®-Afediated DNA damage

response.
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I ntroduction

AJUBA has a multifunctional role in several canard act as a key regulator
in signaling pathways involved in oncogenesis, tungpowth and promotion.
However, its mechanism as tumor suppressor has seeiied’? in few cancers
also. Thus, AJUBA has a dual role in cancer as raotupromoter and tumor
suppressor. Its upregulation and down regulatiendarerse in various cancer and is

tissue dependent.

Although, the role of AJUBA protein has been repdrin carcinomas, sparse
literature is available on its expression in norm@ mucosa and OSCC. Further, its
possible role in oral carcinogenesis remains uregpl Hence the aim of our study is

to evaluate the immunoexpression of AJUBA protainermal mucosa and OSCC.
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AIM AND OBJECTIVES

AlIM:

Evaluation of Immunoexpression of AJUBA protein in Normal Oral Mucosa

and Oral Squamous Cell Carcinoma using Immunohistochemistry.
OBJECTIVES:

1. To assess the immunoexpression of AJUBA in normal oral mucosa and oral

squamous cell carcinoma.

2. To compare the immunoexpression of AJUBA in normal ora mucosa and oral

squamous cell carcinoma.

3. To associate the immunoexpression of AJUBA in oral squamous cell carcinoma

with demographic and clinicopathological parameters.
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l. ORAL SQUAMOUSCELL CARCINOMA

i. Epidemiology and incidence

Oral Squamous Cell Carcinomas are a group of maligmeoplasnfs
comprising about 10% of HNSCGE and are ranked as thé" Gnost common
neoplasms among all the canéraffecting the body. OSCC are associated with
uncontrolled cell growth®* and are multi-factorial in origin and aetioldgy This
disease is found most commonly in communities With-income and effects older
men, 90% being more than 45-year-age gtoMales and female ratios are of 2:1 and

mean age being 57.1 to 52.5 respectively

OSCC most commonly occurs in the buccal mutosdlowed by other sites
in oral cavity like tongue, gingiva, lip, floor ahouth and hard palat¥. These
lesions clinically appear to proliferate in tocedative, papillary, infiltrative or

verrucous type$
ii. Etiology

Use of Tobacco and consumption of alcéhdletary and nutrition factot
viral infections etc are few etiological factors responsible far dccurrence™®*
Consumption of tobacco in a chewable or non-chestabbrm is considered to be

one of the major risk factors in OSCC development

Intake of alcohol acts as a lotahnd systemic risk factSr and has a
synergistic effeétalong with areca nut on its etiology. Thus, itieefs alone do not
account for cancer associated deatiidl these etiological factors dependently or
independentlyy damage the host immunity, and also affect the geme DNA

mutatiort leading to tumor formation and progression of cance
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iii. Histological parametersand genetic alterations

With all this clinical considerations, certain lolstgical parameters are also
assessed which aid in diagnosing the patient salraivd prognosis. One such grading
was given by Bryne in 1992 and revised in 1898his grading system includes the
analysis of the Histograde present whether WDSCOSNIC or PDSCC, depth of
invasion, the connective tissue stroma, the inflation, lympho node metastasis,
neural invasion, muscle invasion etc. Thus, cowmtirsurevision of this histological

features helps us to determine the most efficiezthiod to predict patients’ outcome.

Along with this, research has also done variouslietuon molecules of
different family groups, such as, cell-cycle prog#i, growth factors receptofs
angiogenic signaf$ etc have identified various pathways like cellle§t HIPPG®,
Myc3, NotcH, Nrf2*°, PI-3-Kinase/AKt, RAS? TGH signaling®, p53* and p-
catenin/ Writ> which aid in understanding the process and varniooigcules involved

in oral carcinogenesi’

In OSCC, alterations of genes (p53 gene, pl4, RB5, hypermethylation
etc*) in genetic and epigeneticmanner offer different predisposing factors. These
gene mutations aid in tumor determination, to usiderd the metastatic potential,

treatment and prognosis.

Sequencing of the whole-exome was performed on ld836ciated HSCE
which identified certain somatically mutated genk®st of them were located in
regions of CAN (copy number alterations). Furtitee RNAs were interrogated to
check the expression of the mutated alleles. Twoewmked to cell cycle and

survivaf®, CDKN2A*® and TP5%', and two were linked to Wnt/b-catenin signaffhg

Page 7



Review of literature

FAT1* and AJUBA® among the four genes that segregated exclusivelyere

mostly seen.

. AJUBA PROTEIN

i. Introduction

“AJUBA is a scaffold or an adapter prot&inpresent on Human Chromosome
14q11.2% encoded by the JUB gene. It is a part of the AJUB¥in family®* of
proteins which includes AJUBA, LIM Domain contaigirprotein 1 (LIMD1}?,
Wilms Tumor 1 Interacting Protein (WTIB) Lipoma Preferred Partner (LPPand

Thyroid Hormone Receptor Interacting Protein 6 [T&t°.”

It is one of the important regulators of many deliuprocesseés “It is as a
key gene which links the multitude of signaling lpmays such as HIPPE) Notch
signalind, Wnt*®, SNAG/ SNAIL® etc. It acts as a signaling hub and strategically

regulates, selectivity and forming cross-talks leemsignaling pathwayfs’

ii. History

Goyal et al™® in 1998 1% isolated and characterized AJUBA cDNA using a
“Yeast two Hybrid screen” and identified four clenef proteins of which two were
overlapped partial cDNAs and further on DNA sequegcthey found that it
contained an “open reading frame” which encodedviar LIM Domains. Further a
partial piece of cDNA was used and a single opedirg frame of 1638 nucleotides

was obtained which encoded for 547 AA proteins &K@, This was designated as

AJUBA meaning “Curiosity in Urdu- an Indian dialect
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Further in vivo and in vitro studi€swere performed for identifying the
functional role and significance of AJUBA. Thesaidies, demonstrated that it
associates with GrB2 which is “an adapter protein that couples signiatsn
activated cell surface growth factor receptors threp activated cytosolic signaling
intermediates” and further causes activation of Ras MAPK? Through this

pathway AJUBA helps in meiotic progression withivdloping Xenopus oocytes.

Thakur et al®® in 2010 studied AJUBA protein in Drosophila Melanogaster
i.e., “Fruit flies”. and identified dJUB gene “Drayshila AJUBA LIM protein” which
is an orthologue (single) of Mammalian AJUBA. Instlstudy it was noted that when
dJUB was deleted from the eye and wing of drosaplilere was a defect and
reduction in the size of these organs, which categiuthat dJUB plays a critical and

important role in organ size regulation.

Gregory et al*®in 2015 in his review on AJUBA protein suggested that dJUB
is an essential gene in the embryonic developnmre&iebra fish and in the authors
hypothesized that in mammals AJUBA protein may atake part in tumor

development.
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iii. Structure (Figure 1)

PreLIM region i LIM region
T 1 1
NES: LIM1 LIM2 LIM3
terminus terminus

- Actin interaction
- Rac scaffolding
- Nuclear export
- Phosphorylation

- Adherens junctions localization
- Focal adhesion localization

- Nuclear entry

- Centrosome localization

Figure 1: Demonstrates the AJUBgrotein structure. Nuclear localization sites (Nla% depicted d
by red color is towards nucleus and nuclear expeduence depicted by grey color is towards
cytoplasm

REF: Schimizzi GV, Longmore GD. Ajuba proteins. CuroBi2015 Jun 1;25(11): R445-6.

The AJUBA is a cytosolic protein and has the apild shuttle between the
nucleus and cytoplasiit® It is “characterized by the presence of thredlyigelated
tandem LIM domains at their carboxyl terminus ites LIM region- directed towards
the nucleu¥, and a variable proline-rich amino-terminal i.efé¥minal non-LIM or

the preLIM regiortowards the cytoplasm?”.
a. PreLIM region™

The two third of pre-LIM region of AJUBA protein isch with proline and
glycine and has a consensus with SH3 recognititas.sAlso, there is a NES area
present in the pre-LIM region which has a similandtion like another AJUBA
family protein Zyxin. The NES maintains the protewoncentration in the cytoplasm
by eliminating the expressed protein there by etpgmuclear proteins to cytosol

similar to zyxin protein.
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b. LIM DOMAINS®

Discovered 25yrs ago the “LIM domains are cysteind histidine1**? rich
double zinc-finger domains found in nuclear homeokb@anscription factors LIN-
11%° 1s11%%, and MEC#%? which govern cell destiny during development’otein—
protein interaction domains, such as SH2 and SHBaifw$®, are now regarded as

being as frequent as common protein-interactiorifsot

Because LIM domains are modular and many proteane rseveral LIM
domains, they can interact with a wide range ofgins in different locatior?s (cell
surface, actin cytoskeleton, cytosol, and nucletldM domains can also bind to
other proteins LIM domains, because there is neeosus LIM domain recognition
sequence in proteins, these domains are thougrgctmgnize a common structural

property of proteins”.
LIM domains have been divided into three groups.
e LIM1

“LIM domains are connected to a homeodomain andtatipe transcription
activation domain in LIM 1 proteins. LIN-£9 Isl1®* and MEC$? are three of the
original LIM proteins, and they represent a devielgpset of nuclear transcription

factors involved in determination of cell f&tand cellular differentiation.”
e LIM2

“They are LIM-only (LMO) proteins, meaning they griiave one to five LIM
domains and no other structural or functional fe=guThese proteins can be nuclear,

cytosolic or both.”
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e LIM3
“LIM 3 proteins contain three to four tandem LIMrdains at the C terminus
in association with distinct N-terminal domains. mtgers of this group include
zyxin>!, Paxillin®®, LPP* TRIPE”°etc. these proteins can sometimes form a group of

four.”

1. LOCALIZATION OF AJUBA IN HUMAN CELL®* (Figure 2)

As AJUBA is a cytosolic protein, but has the apilib shuttle between the
nucleus and cytoplasthand thus it is found in various cellular composesuch as in
cytoplasm, membrane, at sites of focal adhesiolt;celt junctions, cytoskeleton,
nucleus, golgi in cytosol, plasma membrane, etaodgh distinct interaction$
interacts with the LIM and pre- LIM regions AJUBAa$ the ability to couple with

various signalling pathways.

—

All non detected compartments

AJUBA detected in Nucleoplasm and Golgi apparatus

Figure 2. Demonstrating subcellular location of AJUBA, Ldzal to the Nucleoplasm and

Golgi apparatus
REF: Human protein atlas. https://www.proteinatlas.o@500000129474-AJUBA/tissue
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V. AJUBA ROLEINPHYSIOLOGICAL FUNCTIONS

AJUBA is a multifunctional protein that takes part development of
embryd*, various physiological and also in pathologicahditions. It helps in the
transduction of external signals and is involvedseveral cellular and in various
biological processes. There are more than 25 himdbdunctions where AJUBA
protein acts, few among them include cell-cell @iltve, cytoskeleton organisatin
and localisation of cellular proteffis Differentiation and proliferation of célls also
controlled by AJUBA protein. Apart from these majales it is identified as a

migration growth factor and as a negative regulaf HIPPO signaling pathway/

I EMBRYONIC ROLE OF AJUBA PROTEIN
Development of an organism is a crucial processctiurs by proliferation
and differentiation at various cellular and suhdalf® sites of all three germ layers in

the Embryo.

Jyotshnabala Kanungo et al®* in 2000, performed various tests including cell
culture, cell transfection etc. on embryonic calet to identify the role of AJUBA
protein in them. The study results suggested thHB¥ protein was expressed
during the early murine fetal development stages\aas seen in all the three germ

layers and also in placenta.

Another study authors showed the presence of AJpBAeirt® in different

stratification layers of the epidermis during therine developmefit

In a study byPetit et al®*in 2000 it was noted that AJUBA does not localize at
focal adhesion sites but was found at sites ofamdlladhesion and in absence of the

cell-cell adhesion it was found in the cytoplasinwhs also observed that when
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AJUBA was accumulated in the nucleus of the P19rgamtic cells it resulted in the
inhibition of proliferation and altered the fate tife cell. This feature was only
specific to AJUBA protein in the LIM domain familjt was also noted that AJUBA
affects the activity of the MAPK enzymes and alscréases the JNK- pathway

activity.

Alexander W. Lange et al® in 2014 conducted a study on the embryonic lung
to show the proliferation and differentiation ofettepithelial cells by using both
embryonic and adult lung cell lines. The study doded that during maturation and
morphogenesis of the lung Mst1/2 and YAP play ingoar role. When Mst1/2 was
deleted or YAP was activated, AJUBA was upregulafédais, AJUBA arbitrates the

effects of YAP on tissue organisation and cell ifgcdtion.

All the above-mentioned studfeé®%®*® concluded that AJUBA's
intracellular trafficking in embryonal cells hasfitional effects on cell proliferation
and differentiation decisions, unlike the other Lidmain family proteins, and may

provide a new approach to understand its function.

Ii. CELL - SURFACE AND CYTOPLASMIC FUNCTIONS OF AJUBA

PROTEIN

In the cytoplasm AJUBA takes part in cell-cell asiba, cytoskeleton
organization, cell growth and differentiation etshich are mediated by various

signaling molecules
a. Cell-cell adhesion and cytoskeleton organisation

Cell adhesiof? is defined as a, “process by which cells inteeawd attach to

neighbouring cells through specialised moleculethefcell surface. This process can
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occur either through direct contact between celfases such as cell junctions or
indirect interaction.” This is primarily done bytiacellular interactions mediated by
the catenin and cadherin protein families. Thess#eprs are weakly associated to
actin filaments. AJUBA acts as a significant protevhich links the adherence

junctions to actin cytoskeletbhthereby, enabling mechano-transduction.

Helene Marie et al.** in 2003 conducted a study on AJUBA protein in human
keratinocytes to understand its functional rolecill junctions and cytoskeleton
organisation. The study concluded AJUBA is recdiite cadherin-dependent cell
adhesion complexes in primary epithelial cells inoatrolled way, according to the
researchers. At the amino terminal of AJUBA, itsagh the membrane of E-cadherin

which is bound t@-catenin.

In the same study they also observed that AJUBAarily co-localizes with
cadherin adhesion complexes during cell contaats, ot at focal adhesions. It
directly interacts with filamentous actin and cdnites to bridging of the cadherin
adhesive complexes to the actin cytoskel€toBne of the important observations in
the study was that adhesion was abnormal in AJUBA Rrimary Keratinocytes.
Their results indicate that AJUBA aids in the fotioa of cell-cell junctions, the

maintenance of newly formed cell junctions, or both

In addition to catenin, they also found that invitro cell extracts, AJUBA
interacts with F-actin directly. As a result of ABR's association with F- actin and

catenin at cadherin adhesive complexes, it aidsskgieton organization.
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unstable
E-cadherin membrane

stabilized newly
formed junctions

Figure 3: Demonstrating AJUBA protein in cytoskeleton orgation
REF: Schleicher K, Schramek D. AJUBA: A regulator ofidggmal homeostasis and cancer.
Exp Dermatol. 2021 04;30(4):546-59.

(C) E-cadherin

|’{;l( 1-GTP

-

™~ .
signal cascade

Racl-GDP

Figure 4: Demonstrating AJUBA protein in cell cell adhesamd communication
REF: Schleicher K, Schramek D. AJUBA: A regulator ofidggmal homeostasis and cancer.
Exp Dermatol. 2021 04;30(4):546-59.
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b. Cell growth and differentiation

Growth of a celf* and its differentiation are biological processésal refers
to an increase in the cell structure includingitallorganelles and transformation of a
one cell type to another cell type respecti{elf AJUBA is also expressed in human
tissues during adulthodd It is abundantly seen in skin and it maintainsilad

epidermal homeostads

It affects the cellular differentiation through Wpathway?®, regulates basal
cell proliferation in keratinocytes through HIPP@raling pathwa?ﬁ and promotes

kinase-dependent mitotitcommitment.
c. Wnt pathway

The Wnt site pathway is an important pathway wiptdys a role in various
developmental process and takes parts in celliffrentiatiorf. This pathway is a

termed as the “Hallmark pathway for stabilizatiordawuclear location g- catenin

) (‘()-l‘(‘(‘(‘[)t()l’
>
JUB
GSK =

B-cat ) l
\

in cells™®

<
=
< —
m @ <
2 o
< l > Z
Degradation
No Proliferation Proliferation

Figure 5: Demonstrating AJUBA in cell proliferation via Wpathway
REF: Schleicher K, Schramek D. AJUBA: A regulator ofidymal homeostasis and cancer.
Exp Dermatol. 2021 04;30(4):546-59.
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1.”® in 2007 on Wnt pathway, it was

In a studyconducted byHaraguchi et a
noted that AJUBA protein negatively regulated thaéghway. AJUBA interacts with
b-catenin which resulted in phosphorylation of GRK-This process intern causes B-
catenin phosphorylation and degradation. Along lhiils it was noted that as the b-

catenin was suppressed, these was a suppressiyclai D1 gene (regulator of cell

growth in Wnt pathway).

It was also observed that when AJUBA protein waseab there was a
decrease of cell in the GO/G1 phase, whereas imaSepthe cell population increased.
Thus, suggesting that it plays a salient role ilh diferentiation and growth by the

inhibition of the Wnt-signaling pathway.

d. HIPPO pathway

The HIPPO pathwd§ in animals controls the size of an organ via cell
proliferation regulation and apoptosis. This isoatzlled as the “Salvador-Warts-
HIPPO (SWH) pathway”. This pathway takes part irolifgration as well as
apoptosis, molecules involved in this pathway a&@ &, MST, YAP, YORKIE, SAV
etc which take part in determining the size of egan.

Barry M. Gumbiner et al.”” in 2014 studied the HIPPO pathway and Zyxin
family proteins to understand its association iowgh. During growth of the cell
various growth factors are expressed e.g., EGF,HGE. when these growth factors
are absent in the HIPPO pathway a complex is formethe PDK1 along with the
AJUBA family proteins like LATS, LIMD1 etc. this cses activation of the HIPPO
signalling. But in the cytoplasm of the cell the T3 are phosphorylated by MST,
further causing phosphorylation of YAP (yes asdecigrotein). Thus, entry of YAP

in the nucleus does not occur and the growth dfi€alrrested.
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When HIPPO ison

H'%ppo ON
{No growth factors)
EGF, IGF receptor LPA receptor
(RTK) (GPCR)
ﬁ ( (m
— l—
LS R =}
PDK1

Mst1/2
Sav1i

Lats

YAP —» YAP

Nucleus

!

No proliferation

Figure 6: Demonstrating AJUBA in Hippo pathway(on)

REF: Gumbiner BM, Kim N G. The HIPPO-YAP signaling pathway and contact
inhibition of growth. J Cell Sci. 2014 Feb 15:127(Pt4):709-17.

i NUCLEAR FUNTIONS OF AJUBA PROTEIN

AJUBA with the ability of shuttling takes part imnous signalling pathways
in the nucleus such as Mitosis, transcriptionatesgion, EMT. It also maintains the

stratification of epidermis by NOTCH signalling paiay .

a. Mitoss

Mitosis® is defined as a, “Part of the cell cycle in whicéplicated
chromosomes are separated into two new nucleiMeidsis® is a “a special type of
cell division of germ cells in sexually-reproduciegganisms used to produce the
gametes” these processes are carried out by centalgcules and signally pathways.

One such is Aurora- A kinase.
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Aurora A kinase is a “centrosome-localized serimeftnine kinase”, it takes

part in mitosis and meiosis process of the celléce, in the late G2 phase. Here

cyclin B1-Cdk1 complex is recruited by Aurora te tbentrosomes, which causes

mitotic entry®.

Figure 7. Demonstrating AJUBA in mitosis

via Aurora A kinase pathway

REF: Schleicher K, Schramek D. AJUBA:
A regulator of epidermal homeostasis and
cancer. Exp Dermatol. 2021 04;30(4):

54€-59.
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Meirong bai et al*® in 2014 conducted a study to understand the novel

regulatory function of AJUBA protein on aurora-flise and to know its significant

role in cell cycle process. This study suggestatl dlarora regulated certain functions

like assembling of the bipolar spindle, segregatbrthromosomes etc. it was also

noted that excess entry of aurora A kinase dutiregG2 phase caused instability in

the genomic sequence. The study concluded that WhHSBA interacted with

aurora-A in mitosis, it caused autophosphorylatbiurora. Thus, understanding a

newer mechanism of Aurora-A via its action with /Al
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b. Transcriptional corepressorsin EMT as SNAIL corepressors

EMT plays a major fundamental role in different Ibgical processes like
embryogenic development, wound healing etc. In firscess the epithelial cells
which are immotile attain filopodia and thus givirige to mesenchymal cells which

migraté™,

Zhaoyuan Hou et al.’ in 2008 assembled Snaill repressor complex initiates
an epithelial-mesenchymal transition molecule fwaterns neural crest development
in Xenopus by linking Snaill (through the LIM aremith the chromatin-remodeling

enzyme PRMTS5 (preLIM region).

AJUBA binds retinoic acid signalling to Isl1 in d"eping zebrafish hearts to
suppress Isll transcriptional activity and limitogenitor cell specification and
proliferation. Retinoic acid signals also boost BA% expression and nuclear

entrance.

Zhaoyuan Hou et al® in 2010, studied Retinoic Acid (RA) signalling and
demonstrated that AJUBA modulates and negativetjuledes RA signalling and
probably acts as a classic corepressor. Nonethdlessdiscovery of AJUBA as a
corepressor for a subset of nuclear receptors digleson a method requiring LIM-
domain containing proteins for nuclear receptor-aed repression. The researchers
suggested that investigating AJUBA's corepressaivigc could lead to the

development of more effective cancer treatments.
c. NOTCH PATHWAY

The formation and maintenance of distinct squamaysrs is controlled by

Notch signallind. “NOTCH receptors are transmembrane proteins” #natcleaved
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by proteases when they interact to the “JAG1/2 bL133/4 ligands”. The NICD is
cleaved and enters into the nucleus, where itaotsrto the “DNA-binding protein
RBPJ” and controls gene expression. In primary rdkexatinocytes, AJUBA was
recently demonstrated to directly bind “NOTCH1/2)C®1/2, and NUME® a

negative regulator of Notch signalifg

(A)

differentiation

signal recieving cell

Ao
ifﬂ)'l‘(‘l 11/2/3

JAGI1/2

signal sending cell

Figure 8: Demonstrating AJUBA in cell differentiation via N@H pathway
REF: Schleicher K, Schramek D. AJUBA: A regulator ofidgymal homeostasis and cancer.
Exp Dermatol. 2021 04;30(4):546-59.

Sequestering of NUMB is promoted by AJUBA, prevegtiNUMB's
interaction with NOTCH1/NICD and NUMB- mediated raitment occur¥. Both of
which are necessary for NOTCH/proteasomal NICDtrdetiorf*. AJUBA mutant
keratinocytes demonstrated decreased nuclear datgin of NICD1/2 and
transcription of canonical NOTCH downstream targsdtsr ligand-induced NOTCH

activation.
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These findings show that AJUBA allows cells to @iéintiate by sequestering
NUMB and allowing transcriptional targets of NOTQ#6l be activated. The lack of
correlation between NOTCH, Hippo, and WNT signglcould be linked to AJUBA
control, and it would be fascinating to investigat®ss-talk between AJUBA
NOTCH’, HIPPG® and WNT?, particularly in cellular decision-making during

epidermal stratification.
V.ROLE IN PATHOLOGICAL FUNCTIONS

Carcinogenesis or cancer formation is a multi-giegeess. In this process the
normal cells undergo cellular and nuclear alterstioThese are caused due to
mutations in various genetic signaling molecules gathways. As a result, cell
division becomes uncontrolled. AJUBA a LIM protesnseen to take part in various

cancers via pathways like HIPPO, EMT, ATR etc.
i. HIPPO pathway

HIPPO pathway is important in “tissue generatiod agpair in response to
injury and repair in adult organism and its deragjah appears to contribute for both
tumor development and suppressfénCancer cells are often thought to have lost
contact inhibition of growth, and can proliferatesgite the normal limitations of the
tissue structure they reside in. The HIPPO pathwdnych mediates contact inhibition
may be dysregulated in cancer cells, enabling idiffeated cells to revert to a more
embryonic and/or developmental stage, as well gaiang additional embryonic cell

qualities such as enhanced cell motifity®>®"’
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When HIPPO off
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Figure 9: Demonstrating ATJTUBA in Hippo pathway(off)

REF: Gumbiner BM, Kim NG. The HIPPO-YAP signaling pathway and
contact inhibition of growth. J Cell Sci. 2014 Feb 15:127(Pt4):709-17.

EGF signalling activates the Ras-MAPK pathway, ®ddBarry M.
Gumbiner et al.”” in 2014 which phosphorylates AJUBA. This inhibits the antiof
the Sav-Wts complex, resulting in Yorkie dephosplaiion, nucleoplasm
accumulation, and enhanced cell proliferation. Ghofactors (EGF, LPA, or serum)
can activate PI3K18 and attract PDK1 to the mendyraausing the PDK1-HIPPO
complex to dissociate. As a result, Mst's reguiatid Lats is disrupted, resulting in

YAP accumulation in the nucleus and cell proliferat
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Reddy et al*? in 2013 studied HIPPO signaling and EGFR in drosophilae Th
study concluded that EGFR activated a transcriptator Yorkie, which is required
for EGFR based cell proliferation in Drosophilatie Ras-MAPK signaling. AJUBA
a LIM protein causes phosphorylation and enhanc€$&RERas-MAPK. Their
observation implicated that HIPPO pathway whichmediated by EGFR-RAS-
MAPK signaling contributes to tumorigenesis anddisas been identified that there
is a molecular link between these pathways. Thhey talso demonstrated that
AJUBA is a “key target of MAPK signaling within tHelIPPO pathway”. Thereby, it

negatively regulates the HIPPO pathway.
ii. Transcriptional regulation-EMT pathway

EMT is the first step in “tumour metastasis, dunmgich cancer cells develop
a mesenchymal phenotype, spindle-like shape, higtility, and invasivenes§®.
EMT is characterized by the downregulation of Eklsxth. Downregulation of E-
cadherin is mostly caused by transcriptional cdnwb the geng®. Several
transcription factors have been found to inhibitdetherin expression, with Snail
being the first to be discovered. SNAIL causes EiMThammalian cells, at least in
part, by suppressing the E-cadherin denehich alters cell adhesion. Snail has
reported to be frequently up regulated in varicarcioomas. AJUBA protein interact
with SNUG domain of the SNAIL family and thus ast @ corepressor in regulating

EMT in cancer and promoting metastasis.
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Figure 10: Demonstrating AJUBA in SNAIL dependent transcopti
repression

Zhaoyuan Hou et al® in 2008 conducted a study to understand the transcridtiona
repression by the action of AJUBA and SNAIL. Theidst concluded that The
AJUBA family of LIM proteins functions as functiohéSnail corepressors by
interacting with the SNAG domain. It interacts wiinail on endogenous E-cadherin
promoters in the nucleus, contributing to Snailaetetent E-cadherin suppression.
PRMT5 is a key component of the SNAIL-silencing @ex through binding to

AJUBA.

Because of their functional association with Sraibteins in the nucleus,
AJUBA LIM proteins appear to be essential requiatafrepithelia dynamics, bridging
the gap between surface and nuclear responses, rEmisssion of E-cadherin takes

place and thus helps in EMT.
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iii. Responseto DNA damage-

Endogenous and exogenous chemicals can cause DNAgeaa which can
lead to genomic instability, which is a cause ofiyeauman tumorigenesi% Cells
have specific checkpoints that detect damaged regutarly organised DNA and
allow repair mechanisms or apoptosis to be actifat€heckpoints check for DNA
lesions at different times in the cell cycle andkvio delay transitions from G1 to S

phase and G2 to M phd&ée

A DNA damage respon&eis elicited by the cell in attempt to counteraet a
repair DNA damage (DDR). ATM, ATR, and DNA-PK argrslling kinases that
belong to the PIKK family. These DDRs are struatupathways that include damage
detection, damage signal transduction, and aabvatind recruitment of repair

proteins to damaged sifé$°

AJUBA and similar compounds may have carcinogeajgabilities during the
early stages of cellular transformation by decrgasihe protective or tumour

suppressive activities of ATR

In a study conducted b$ampada kalan et al.?® in 2013 demonstrated that
ATR-mediated DNA Damage Response is repressed by ABUBA protein.
Depletion of AJUBA resulted in cell cycle delayss avell as enhanced Rb
phosphorylation and Chk1 phosphorylation. AJUBA wieshtified in a complex with
RPA, and its absence resulted in RPA phosphorylatidhich is known to be a key
step in ATR activation. AJUBA and related compouhédse a broader impact in that
they have oncogenic qualities at the early stagesedular transformation by

blocking ATR's protective or tumour suppressivevacs.
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In carcinogenesis AJUBA protein- Acts like a doubtiged sword. Studies on
HNSCC, ESCC, cervical cancer, colorectal cancerhage been done regarding its
expression suggest the dual role i.e., promotersapgressor of tumdsy Its action
on HIPPO pathway as its negatively regulator, ke part in transcriptional
regulation by Snail- dependent repression of E-head and helps in epithelial

mesenchymal transmission. AJUBA also represseATie mediated DDR.
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Figure 11: Demonstrating the dual role of AJUBA- Tumor proeratand suppressor
REF: Schleicher K, Schramek D. AJUBA: A regulator ofdgsmal homeostasis and cancer. Exp
Dermatol. 2021 04;30(4):546-59
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VI.  AJUBA ASATUMORPROMOTER

The cancer Genomic atlas* in 2015, which profiled genomic alterations in
279 HNSCC cases, suggested mutation of a genevatvoh the WNT pathway i.e,
AJUBA. The analysis of this genomic report concllidleat AJUBA inactivation may
converge to uncheck WNT signaling, implicated imegdglation of cell polarity and
differentiation. These findings provide a new imgignto HNSCC and suggest that
shared and unique alterations might be leverageddelerate progress in prevention

and therapy across tumour types.

Xu et al.**in 2019 in his study used T47D cell lines and reported ABJBA
acted as a co-activator of estrogen in breast mamta. The high expression of
AJUBA suggested that it took part in the activatioh estrogen receptor alpha,
thereby increasing the levels of TFF1, SGK3 andbGrelhe high levels of these
molecules promoted growth of the tumor and leadetostance of tamoxifen. Also,
when the AJUBA expression was low there was deerg@asdrug toxicity. Thus,
AJUBA acts as a breast carcinoma promoter anduig gbsistant action on tamoxifen

suggests a newer therapeutic approach.

Lihong Bi et al.?? in 2017. studied HIPPO pathway in cervical cancer cell
lines and its association with cisplatin resistamtdRNA levels of AJUBA were
elevated in tumor than the adjacent tissue whicls wanfirmed by RT-PCR.
Overexpression of AJUBA was noted in patients wadrvical cancer. They also
showed cisplatin resistance when compared to gatisensitive to cisplatin. The
overall survival was reduced when AJUBA expressuas high. They concluded that

in cervical cancer is enhanced with increased AJUBA&Is.
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Xing-Hua Liang et al.*%in 2014 studied EMT in colon cancer in a pSin-EF2-
puro retroviral vector, cancer cell lines etc. Tétedy results suggested that an
upregulation was noted in cell lines and tissue®AdIBA and its family proteins.
This suggested that SNAIL by acting as a corepress&JUBA aids in EMT and
increases the ability of tumor cells motility amdasiveness. Their study indicated for

metastatic CRC and concluded that AJUBA is a ntargjet.

Yang et al.?° in 2017 studied colorectal adenocarcinoma with cell linés
human cancer colon i.e HCT116 etc. It was notetl AJ&JBA was promoted along
with SNAIL by Smad1 which is a TGE+eceptor in cell- cell adhesion sites by acting
on the cadherins i.e E-cadherin. The study conduldat AJUBA and Smadl newer

therapeutic targets for assessing the prognostioraof CRC.

Dommann et al.®® in 2020 in colon cancer used lentiviral constructs to
knockdown or overexpress Ajuba protein in SW480 anroolon cancer cells. RNA
sequencing was used to examine the transcriptontteeafansformed cell lines. The
study suggested that cells lacking Ajuba were [@sdiferative, more sensitive to
irradiation, moved less, and were less efficientcolony formation. The study
concluded that Ajuba increases colon cancer dexsdop, migration, and metastasis,

and hence could be a marker for targeted therapy

Wang et al.?* in 2020 studied colon cancer using circulating RNA and
AJUBA. It was noted that both highly up-regulatadccblorectal cancer tissues, while
miR-1184 was significantly down-regulated relatitee healthy tissues. Also, circ
0128846 was found to contribute to the formationC&®C by lowering miR-1184
expression, boosting AJUBA expression, and inattigaHippo/YAP signalling

pathway leading to tumor promotion.
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Li et al *in 2019 studied gastric cancer and noted that AJUBA was
overexpressed and siRNA knocked down in the SGQ-29@ NCI-N87 cell lines,
respectively. When Ajuba was overexpression, itréased the rate of colony
formation and proliferation rate, but siRNA (AJUBAguppressed this action,
according to MTT and colony formation assays. Adawg to the findings, AJUBA
playing a role as a potential therapeutic targegastric cancer progression via the

YAP-GLUT1/Bcl-xL axis.

Shi et al.’® in 2016 studied AJUBA protein in esophageal squamous cell
carcinoma in cells lines via Western blot and RTRP&hd IHC via RNA microarray.
AJUBA was highly expressed (IHC) in ESCC with staially significant results.
Also in vivo & in vitro studies of AJUBA showed thé took part in promoting
growth of the cell, as well as invasion and mignatiThey also concluded that two
downstream targets of AJUBA are MMP10 & 13. Thusirey as an oncogene and a

new target in ESCC therapy.

Qing Zhang et al.»” in 2018 studied AJUBA, MMP14 and YAP in ESCC. The
study results concluded that an increased immumesgpn of AJUBA was seen in
cancer tissue than compared to the adjacent. Theakts were statistically significant
with the TNM stage and lymph node metastasis. TAU&IBA along with MMP14
and YAP1 can act as an oncoproteins. Further asval cancer targeted therapy in

ESCC.

1Y in 2019 studied the molecular mechanism of

Bosen Zhang et a
transcription factor SP1 and AJUBA in cell linesdahuman Pancreatic ductal
adenocarcinoma tissue. As, AJUBA shuttles in theleus and cytoplasm, it takes

part in various cellular processes. The study tesudncluded that AJUBA is a target
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gene of SP1 and this forms a complex at one ofuhetional tandems. Thus, AJUBA
acts as a co-activator of SP1 and further SP1 gedergoes transcription and there-
by takes part in tumor cell proliferation and arcrease was corelated to poor

prognosis and decreased survival.

Xiaofeng Yao et al® in 2019 studied AJUBA in OSCC by PCR and IHC
methods, also they studied AJUBA in Snail pathwgyestern blotting methods. It
was noted that in OSCC expression of AJUBA was lighontrast to the adjacent
normal oral mucosa. The study results were cogélad various clinicopathologic
parameters and it was found significant with &gst recurrence etc. the study
concluded that increased immunoexpression of AJUBASCC and may influence

cell invasion and proliferation via the Snail/E-badn pathway.

Le et al.®* in 2018 discovered that AJUBA expression was elevated @CH
(Hepatocellular Carcinoma) compared to normal &sshccording to the findings,
patients with high AJUBA expression had a bad posg Furthermore, re-
expression of AJUBA in AJUBA-deficient cells may bble to restore the AJUBA-
deficient cells' phenotype. The authors showedt AJUBA is elevated in HCC and
enhances HCC cell proliferation and migration amdlly suggested that AJUBA

could be a potential target for HCC detection aredtment.

VII. AJUBA ASA TUMOR SUPPRESSOR
Loganathan et al” in 2020 studied mutations in 484 “Long tail” geries
HNSCC via the NOTCH signaling pathway and suggetitat 7% cases of HNSCC
were mutated by AJUBA, whereas 18% and 7% were tediia cutaneous SCC and
ESCC respectively. All these mutations were assediavith tumor suppressor

activity of the AJUBA gene.
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Li Jia et a.* in 2017 conducted a study in LNCaP and C4-2B cells and
observed an increase in migration and metastasiBcofProstate cancer) when
AJUBA protein was downregulated. Also, mRNA studgtemwed that there was a
low expression of AJUBA in PC. PCa progressionrikdd to a new “AR/miR-193a-
3p/AJUBA pathway”. MiR-193a-3p has been identifiad a possible therapeutic

target for patients with metastatic PCa.

| Tanaka et al.?’ in 2015 in the HIPPO pathway studied malignant
mesothelioma. Frequent activation of the YAP waseson MMs. This led to
dysfunction of HIPPO pathway and in turn causedignaht transformation of cells.
IHC studies in MMs suggested that AJUBA was fredlyedownregulated. AJUBA
inactivation in MM, as well as its tumor-suppressiactivity linked to the Hippo
signalling system. Despite the fact that most MMscdisplay inactivation of the
Hippo pathway, resulting in constitutive activatioh YAP, new therapy techniques
targeting this pathway may possibly be developedure patients with this very

aggressive cancer.

Du et al.?® in 2017 conducted a thorough genetic investigation onldngest
ESCC cohort. 18 Significantly mutated genes, monteti signatures were found in
ESCC cases. Poor survival and prognosis of ESCCosesated to mutations of
AJUBA gene leading to dysfunction of WNT, NOTCH, AKpathways. Thus, the
study concluded these investigations could leadntamprovement in the treatment

and prognosis of ESCC patients.
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VIIl. NEED FOR STUDY

Although, the role of AJUBA protein has been reedrin various other
malignant tumors, sparse literature is availableitsnexpression in normal oral
mucosa and OSCC. Further, its possible role in @aicinogenesis remains
unexplored. Hence the aim of our study is to eualuhe immunoexpression of

AJUBA protein in normal mucosa and OSCC.
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MATERIALS AND METHODOLOGY

ETHICAL APPROVAL

Ethical approval for the study was taken from isional ethical review

committee. Ethical clearance number: 1828nexure 1)

TISSUE SAMPLE

The retrospective study used 42 paraffin embeddsdé blocks of clinically
and histologically proven cases of normal oral nsac@and oral squamous cell
carcinoma. The cases used in the study were rettidvom the Archives of
Department of Oral and Maxillofacial Pathology a@al Microbiology, KLE
Academy of higher education and research (KAHERM)S Institute of Dental
Sciences, Belagavi where the tissue has been dtothd form of paraffin embedded
blocks which were then subjected to immunohistodbalhmanalysis. For control,

normal human oesophagus was taken.

Three tissue sections of 4 um each were cut froch béock and taken onto
"amino propy! triethoxysilane (APES)" coated slid@sinexure 1V). One slide was
stained with Hematoxylin and eosiinnexure V).While the other slides were

stained immunohistochemically using Anti- AJUBA iaody.
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SAMPLE SIZE ESTIMATION:
2

N= 2pg(Z+Zp) p= Qligz P= 60% q- 100- P
2 P= 30%
, g= 100-p 9,=100-p
N= 4 =p-
d pl p2
Zo= 1.96 at 5%a- erroi Normal =42
Oral Squamous Cell Carcinoma =42
ZB=0.84 at 209- error Total =84
METHODOLOGY

DEMOGRAPHIC DATA

Demographic regarding age, sex, site, size, halstoy, TNM stage,
histopathological grade and lymph node status w&seved from the departmental
wherever available for OSCC cases. The normal ratadosa tissues were collected
during procedures of periodontal crown lengthenamyd dys-impaction of third

molars.

STAINING PROCEDURE

Immuno-staining was done using antibody against BUUsing PolyExcel
HRP/DAB Detection System Two Step Universal Kit ti?ebitu Catalogue no

#PEHO002/USA).

PRINCIPLE OF IMMUNO-STAINING

The PolyExcel HRP/DAB Detection System Two stepvarsal kit is based
on the principle of antigen/antibody reaction issties. Primary AJUBA antibody

combines with its corresponding antigen in tiss&xondary antibodies which have
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a dextran polymer backbone conjugate with the pymantibody. DAB
(3'3'diaminobenzidine) chromogen combines with garttantibody complex and

demonstrate a coloured reaction product.

REGENTS USED

1. Primary antibody:

Company. Thermofisher scientific (Invitrogen)

Catalog # PA5-52264AJUBA polyclonal antibody

Species Reactivity Human

Host/Isotope Rabbit / IgG

Class Polyclonal

2. PolyExcelHRP/DAB detection system two step RathnSitu) contains

Peroxide block (ED.): This contains 3% hydrogen peroxide in water for

blocking the endogenous peroxidase activity.

» PolyExcel target binder: This is a universal pmothat helps in binding to
primary antibody.

» PolyExcel HRP Reagent: This contains anti-mousantirrabbit antibody that
is labelled with IgG and enzyme polymer in phospHhaiffered saline, along
with stabilizers and proclin 300.

* Liquid DAB Chromogen: DAB chromogen that has enteghsensitivity with

HRP as colorimetric agent.

Page 38



Materials And Methods

3. Buffers:

Stable DAB substrate buffer: This buffer contaings-buffer along with

proxide as well as stabilizers. It is used alonthWwAB chromogen.

Tris buffer: for antigen retrieva{Annexure VI). This was used for heat

induced epitope retrieval (HIER) to unmask antibarding sites in the tissues

with pH 9.

Phosphate buffer saline: wash buff@nnexure VI). This was used as wash

buffer with pH ranging from 7.2-7.6.

4.

5.

Xylene for clearing/ dewaxing.

Graded alcohol solution (100%, 90%, 80%, 70%, ar@o) for
dehydrating

Distilled water- wash

Harris Hematoxylin- counter stain

Mounting medium, DPX

Other equipment’s used:

APES coated glass slides

Humidifying chamber

Wash bottles

Absorbent wipes (tissue papers)

EZ retriever system V.2.1 (for HIER)

Calibrated test tube

Plastic Pasteur pipette (provided with detectiant&i mix DAB chromogen &
buffer)

Cover slips
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* Micropipettes

» Refrigerator (4°C, -20°C)

e Semi-automatic microtome (Leica RM 2145)
» Slide warmer

* Water bath

e Multi-viewer Microscope

IHC STAINING PROTOCOL:

1. Sectioning: Formalin fixed paraffin embedded tissuas sectioned at 44 and
mounted on APES coated slides.

2. Deparaffinization: Slides were deparaffinized bwtiey on a slide warmer at
60°C for 1 hour and treated with two changes oémglfor 15 minutes each.

3. The slides were treated with one change each o¥l8keohol followed by
graded alcohol 90%, 80% and 70% for 10 min each.

4. Slides were then rinsed with distilled water.

5. Heat Induced Epitope Retrieval:

* The prepared tris buffer 1000 ml was poured intém which contained slots
for holding the slides. The sections were submesgetiplaced apart properly
in the tris buffer.

* The slides were then placed in the pressure codikgsi and 120 degrees
Celsius.

6. After completion of antigen retrieval, the sectionere allowed to cool at
room temperature for minimum of 45 mins prior txtngtep.

7. After cooling to room temperature, the slides fo#al distilled water wash for

5 minutes and later followed by PBS rinse for 5 ubés.
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IMMUNOHISTOCHEMICAL STAINING

1. Blocking of Endogenous peroxidase activity was dégeincubating with
peroxidase block for 15 minutes. Slides were washigu wash buffer (PBS)
for 5 minutes.

2. Then the slides were incubated with primary polgaeloantibody against
AJUBA for overnight incubation at 4 degrees Celsinsa humidified
chamber. After that slide were washed with washHeoufPBS) for 5 minutes
each.

3. Target binder was added to promote Ag-Ab reactind mcubated for 15
minutes in humidifying chamber. This was followey » changes of PBS
rinse for 5 minutes each.

4. Slides were then incubated with Poly HRP for 30utes and it was followed
by 2 changes of in PBS for 5 minutes each.

5. Incubation with was done with fresh substrate/ pfogen mix of
3,3'Diaaminobenzidine (DAB) mixed with buffer (2&ul concentrated DAB
in 50Qu of substrate buffer for 10 slides) for up to lOnuaies. This step
enables visualization of antigen-antibody reactamna brown colored end
product. After that slide were dipped in distilledter.

6. Slides were counterstained with Harris hematoxyprto 1-2 minutes.

7. Under running tap water, bluing was carried outuprto 10mins.

8. After that slide were dehydrated and mounted wiltXD
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DATA ANALYSIS:

The clinical data of the cases was collected ahdlated from the archives.
The H & E-stained slides of OSCC were assesseddiogoto the Bryne’s grading
systeni”. The immuno-stained slides were evaluated by tvab mathologists and the
observations were tabulated in excel sheet. Aspatity was assessed again in the

penta-headed multi-viewing microscope.

The two groups were analyzed for immunoexpressida]BA, localization,

intensity and percentage of positiviffable 6 - 15)

» Criteria used for evaluating AJUBA immunoexpressifor localization,

cellular location and intensity iNormal oral mucosa

Table 6: Criteria used for Level of expression of AUBA in epithelium layers

Level of expression of AJUBA in epithelium layers ®RADE
Basal 1

Basal + Supra basal 2

Basal +Supra Basal +Superficial 3
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Table 7: Criteria used for Level of expression of BUBA in the connective tissue

Level of expression of AJUBA in the connective tise GRADE
Juxta epithelial 1
Submucosal 2
Deeper epithelium 3

Table 8: Criteria used for Cellular location of AJUBA epithelium

Cellular location of AJUBA epithelium GRADE
Nucleus (N) 1
Cytoplasm (C) 2
Membrane (M) 3
N+C 4
N+C+M 5

Table 9: Criteria used for Intensity of AJUBA

Intensity of AJUBA GRADE
No staining 0
Light brown 1
Dark brown 2

Criteria used for evaluating AJUBA immunoexpressifor localization,

cellular location and intensity @SCC
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Table 10: Criteria used for Expression of AJUBA intumor

Expression of AJUBA in tumor GRADE
Superficial front 1
Invasive front 2
Superficial + Invasive 3

Table 11: Criteria used for Expression of AJUBA intumor islands

Localization of AJUBA in tumor islands GRADE
Peripheral 1
Central 2
Peripheral + Central 3

Table 12: Criteria used for Cellular location of AJUBA in the tumor cells

Cellular location of AJUBA in the tumor cells GRADE
Nuclear (N) 1
Cytoplasm (C) 2
Membrane (M) 3
Nucleus + Cytoplasm 4
Nucleus + Cytoplasm + Membrane 5
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Table 13: Criteria used for Intensity of AJUBA

Intensity of AJUBA GRADE
No stain 0
Light brown 1
Dark brown 2

Table 14: Criteria used for Percentage of Positivit

Percentage of Positivity GRADE
<25% immunoreactive cells 1
25-50% immunoreactive cells 2
50-75% immunoreactive cells 3
>75% immunoreactive cells 4

ABSENT was considered as zero (0) in both normal oralasa@nd OSCC cases

ASSESSMENT OF VARIOUS HISTO-PATHOLOGICAL PARAMETERS IN

OSCC CASES:

Various histopathological parameters were assessgduas, depth of invasion
(DOD), type of invasive front, type of stroma, exteof inflammation, lympho-
vascular invasion (LVI), peri-neural invasion (PNl these parameters were

analysed using a H&E-stained section of OSCC cases.
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Table 15: Table showing histopathological criteridor evaluation of H & E-

stained slides according to Bryne’s grading systein

Depth of invasion

1- CAin situ

2- Invasion involving lamina propria

3- Invasion below lamina propria involving musctgand,

periosteum

4- Deep invasion involving jaw bone

Histo grade

1- WDSCC

2- MDSCC

3- PDSCC

Invasive front

1- Pushing border

2- Infiltrative solid cords

3- Small groups or cords of infiltrative cells (&%)

4- Wide spread cellular dissociation (n < 15)

5- Tumor satellite’s

1- Abundant

2- Dense
Type of Stroma :

3- Delicate

4- None

1- marked
Extent of | 2- moderate
inflammation 3- slight

4- none
Lymph  vascular | 0- absent
invasion 1- present

_ _ 0- absent

Surgical margins

1- present
Lymph node | O- absent
metastasis 1- present
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STATISTICAL ANALYSIS: (Annexure-I111)

1. Frequency percentage was done for Immunoexpres$idldUBA in normal
oral mucosa with localisation, cellular locatiordantensity.

2. Frequency percentage was done for Immunoexpres$iddUBA in OSCC
with localisation, cellular location, intensity apdrcentage of positivity.

3. Comparison was done for immunoexpression of AJUBAnbrmal oral
mucosa and OSCC with intensity of staining

4. Association between various clinicopathological goaeters and the

immunoexpression of AJUBA in OSCC was done usingsghare test.
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1.Photomicrographs of AJUBA immunoexpression in namal human esophagus

Photomicrograph 1: Normal human oesophagus- Photomicrograph 2: Normal human oesophagus
Positive control (10x) showing nuclear and cytoplasmic staining in basal
and supra-basal layers- Positive control (40x)
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Photomicrograph 3: Normal human oesophagus Photomicrograph 4: Normal human oesophagus
Positive expression in ductal lining of mucosal glands  Positive expression in muscle of submucosal layer
in submucosal layer (40x) (40x)
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2.Photomicrographs of AJUBA immunoexpression in namal oral mucosa
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Photomicroeranh 5: Normal oral mucosa showing Photomicrograph 6: Normal oral mucosa showing
graph 5: Normal oral mucosa showing : grap ) g
immunoexpression of AJUBA in basal and supra-basal immunoexpression of AJUBA in basal and supra-basal

layers. (40x)

Photomicrograph 8: Normal oral mucosa showing
immunoexpression of AJUBA in basal and supra-basal

Photomicrograph 7: Normal oral mucosa showing
nuclear and cytoplasmic cellular location of AJUBA in

epithelium. (10x) layers. (40x)
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Photomicrograph 9: Photomicrograph of normal oral
mucosa showing expression of AJUBA in submucosal
layer of connective tissue stroma (10x)

Page 50



Materials And Methods

3.Photomicrographs of AJUBA immunoexpression in oresquamous cell carcinoma

Photomicrograph 10: Well differentiated squamous  Photomicrograph 11: Well differentiated squamous
cell carcinoma showing High intense (dark brown)  cell carcinoma showing High intense dark brown
immunoexpression of AJUBA both in superficial and ~ immunoexpression of AJUBA in peripheral cells of
invasive front of the tumor (10x) tumor island (40x)

Photomicrograph 12: Oral squamous cell carcinoma Photomicrograph 13: Well differentiated squamous

showing High intense (dark brown) cell carcinoma showing High intense dark brown
immunoexpression of AJUBA both in nuclear and immunoexpression of AJUBA in peripheral cells of
cytoplasm in tumor cells (10x). tumor island (40x)
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Photomicrograph 14: Oral squamous cell carcinoma Photomicrograph 15: Oral squamous cell carcinoma

showing High intense (dark brown) immunoexpression showing High intense (dark brown) immunoexpression
of ATUBA both in MDSCC (10x) of ATUBA both in MDSCC (40x)

Photomicrograph 16: Oral squamous cell carcinoma Photomicrograph 17: Oral squamous cell carcinoma
showing High intense (dark brown) immunoexpression showing High intense (dark brown) immunoexpression
of AJUBA i PDSCC (10x) of AJUBA in individual cells of PDSCC (40x)
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Photomicrograph 18: Oral squamous cell carcinoma Photomicrograph 19: Oral squamous cell carcinoma
showing AJUBA positive tumor cells invading the showing AJUBA positive expression in the nerve

muscle (10x) (40x)

Photomicrograph 20: Oral squamous cell carcinoma  Photomicrograph 21: Oral squamous cell carcinoma
showing AJUBA expression in the inflammatory  showing AJUBA expression in the cytoplasm of plasma

cells (10x) cells (40x)
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Photomicrograph 22: Oral squamous cell Photomicrograph 23: Oral squamous cell carcinoma

carcinoma showing AJUBA expression in the showing AJUBA expression in the salivary gland
salivary gland ducts (10x) ductal lining (40x)

Photomicrograph 24: Oral squamous cell Photomicrograph 25: Oral squamous cell
carcinoma showing AJUBA expression in the carcinoma showing AJUBA expression in the
Large blood vessels (10x) endothelial lining of capillaries (10x)
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RESULTS

l. EVALUATION OF AJUBA IN NORMAL ORAL MUCOSA

Bar graph 1: Bar graph showing Evaluation of Immuno expression of AJUBA in

Epithelium Of Normal Oral Mucosa (NOM) in Freqguency per centage:

* Level of AJUBA expression in epithelial layersof normal oral mucosa.

Level of AJUBA expression in epithelial layers (%)
90.00

80.00 78.57
70.00
60.00
50.00
40.00

30.00

20.00
11.90
9.52

10.00 -
0.00 -
Basal Basal+Suprabasal Basal+Suprabasal+Superficial
Inference: Expression of AJUBA in the epithelial cell layexsnormal oral mucosa
revealed that among 42 cases included in our stedymajority of cases showed
expression of AJUBA in Basal layer along with supesal layers of the epithelium
78% (n=33). However, only few of our cases showed AJUBA esggi@n in basal cell

layer (9.52%) and we also noted only few of ouresashowing AJUBA expression in

all the three cell layers (11.90%).
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Bar graph 2: Bar graph showing evaluation of Immuno expression of AJUBA in

connective tissue of Normal Oral Mucosa (NOM) in frequency per centage:

L evel of expression of AJUBA in connectivetissue

(%)

60.00

52.38
50.00

42.86
40.00
30.00
20.00
10.00
4.76
000 ]
Absent Juxtaepithelial Submucosal

Inference: Expression of AJUBA in the connective tissue ofmal oral mucosa

revealed that majority of the cases i%2.38% (n= 22) showed negative expression
of AJUBA However, we observed that the submucosahpgonent of connective
tissue expression of AJUBA was found to be 42.86%18). Only few of our cases

showed juxta-epithelial immunoexpression of AJUB&A,4.76% (n= 2).
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Bar graph 3: Bar graph showing evaluation of cellular location of | mmuno

expresson AJUBA in epithelium of normal oral mucosa( NOM) in freguency

percentage.
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Inference: On noting down the cellular location of immunoesgsion of AJUBA in
the epithelium of normal oral mucosa, we obsentet tnajority of the cases i.e.,
5476% (n= 23) showed nuclear and cytoplasmic location. Cytoplasm
immunoexpression of AJUBA was seen3B33% (n= 14). Only few of our cases
showed nuclear immunoexpressigild4% (n= 3) and 4.76% (n= 2) nuclear,

cytoplasmic and membrane expression respectively.

Enhanced immunoexpression of AJUBA in Normal Oral Mucosa was found
predominantly in basal and supra basal layer of the epithelium and deeper part of
the connective tissue component. The cdlular location in majority of the cases was
seen both in nucleus and cytoplasm.
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1. EVALUATION OF AJUBA IN ORAL SQUAMOUS CELL
CARCINOMA
Enhance immunoexpression of AJUBA was noted irthedl cases of OSCC and we
also observed its expression to be same at borfsipl and invasive front of the
tumor. We also noted that all our cases of OSCakexd same percentage of
positivity of AJUBA expression i.e50-75% (n=42)

» Bar graph 4: Bar graph showing localization of Immuno expression

AJUBA in thetumor islands of Oral Sguamous Cell Carcinoma (OSCC) in
frequency per centage.

Localisation of AJUBA in tumor islands (%)
90.00 85.71
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70.00
60.00
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20.00
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Peipheral Peripheral+Central

10.00

0.00

Inference: Expression of localization of AJUBA in the tumalands revealed that
majority of the cases i.e85.71% (n= 36) showed expression in the periphery of the
tumor Islands. It was also noted that few tumarids showed immunoexpression in

the peripheral and center of the islandsli429% (n= 6).
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 Bar graph 5: Bar graph showing cellular location of | mmuno expression

AJUBA In Oral Sqguamous Cell Carcinoma |n freguency percentage.

L ocation of AJUBA in tumor cells (%)
70.00
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Inference: Immunoexpression of AJUBA in tumor cells reveatleadt majority of
cases showed cellular location in both nucleus @ndplasm i.e.59.52% (n=
25). Cytoplasmic immunoexpression of AJUBA was seer85171% (n= 15).
However, we observed that only few of our casesslonuclear, cytoplasmic
and membrane immunoexpression of AJUBA in tumolsaefl OSCC i.e.4.76%

(n=2).

Enhance immunoexpression of AJUBA in OSCC revealed predominantly at
periphery of the tumor islands. We also found cellular location of AJUBA
predominantly within the nucleus and cytoplasm of the tumor cells of OSCC.
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 Bar graph 6 and Table 1: Bar graph showing the comparison of I ntensity of

immunoexpr ession of AJUBA between Normal Oral Mucosa (NOM) and

Oral Squamous Cell Carcinoma (OSCC) in frequency per centage.
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61.90

26.19

73.81

38.10 I

H Intensity in normal oral

mucosa(%)

m |ntensity in OSCC (%)

Light brown (Low intense) Dark brown (High intense)

Intensity in normal Intensity in s-value values

oral mucosa (%) OSCC (%) P
Light brown 61.90 26.19 2.18 <0.05
Dark brown 38.10 73.81 -2.46 <0.05

Inference: On noting down the intensity of immunoexpressidn AJUBA, we

observed that light brown expression which is cdbesd to be low intense expression

was seen in majority of cases in normal oral mud@i=%) than compared to

OSCC casef26.19%) and this difference of expression was found tetadistically

significant with chi-square te¢p<0.05). We observed enhanced immunoexpression

of AJUBA with dark brown considered to be high imde was seen in majority of

cases of OSC(73.81%) than compared to normal oral mucdq88.10%) and this

was found to have a statistically association withsquare tegjp<0.05)

Enhanced immunoexpression of AJUBA was seen in OSCC cases when compar ed
with normal oral mucosa.
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« Table2: Table showing the association of Demogr aphic Data parameters

with AJUBA localization in tumor islands of OSCC.

Localisation of AJUBA In Tumor Islands

Demographic
Data Peripheral Peripheral Total P-Value
+ Central
Age Less Than 40yrs 6 (14% 1(2% 7 (169%0) 1
More Than or Equal To 40yrs 30 (71%) 5 (12%) 3483
Sex Male 33 (78% 6 (14%)| 39 (92%) 0.46
Female 3 (7%) 0 3 (7%)
Habit Present 36 (85% 6 (14%) 42 (10006) -
Site Buccal Mucosa 11 (26%) 3 (7%) 14 (33%) 0.56
Tongue 2 (4%) 1 (2%) 3 (7)
Gingivo Buccal Sulcus 10 (23%) 1 (2%) 11 (26%0)
Retro Molar Trigone 8 (19%) 0 8 (19%
Hard Palate 1 (2%) 0 1 (2%)
Alveolus 1 (2%) 1 (2%) 2 (4%)
Mandible 2 (4%) 0 2 (4%)
Labial Mucosa 1 (2%) 0 1 (2%)
Size Absent 3 (7%) 1 (2%) 4 (9%)
Less Than 10cm 17 (40%) 2 (4%) 19 (45%) 0.730
More Than 10cm 16 (38% 3 (7%) 19 (45%0)
TNM Absent 26 (61%) 5 (11%)| 31 (73%) 0.895
Stage 2 1 (2%) 0 1 (2%)
Stage 4 A 7 (16%) 1 (2%) 8 (19%
Stage 4 B 2 (4%) 0 2 (4%)
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Table 2a: Table showing the association of Histological Par ameter swith

AJUBA localization in tumor islands of OSCC.

Histo Localisation Of AJUBA In Tumor Islan
Pathological
Parameters Peripheral | Peripheral  Total P-
+ Central Value
Depth Of 2- Invasion Involving 10 (23%) 0 10 (23%)
Invasion Lamina Propria
3- Invasion Below Lamina| 16 (38%) 5 (11%) 21 (50%)
Propria Involving Muscle, 0.177
Gland, Periosteum
4- Deep Invasion Involving 10 (23%) 1 (2%) 11 (26%)
Jaw Bone
Histograde 1- WDSCC 20 (47%) 3 (7% 23 (54%
2- MDSCC 11 (26%) 2 (4%) 13 (30%) 0.966
3- PDSCC 5 (11%) 1 (2%) 6 (14%) |
Invasive 1- Pushing Border 1 (2%) 0 1 (2%)
Front 2- Infiltrative Solid Cords 6 (14%) 1 (2%) 7 (16%)
3- Small Groups or Cords of 19 (45%) 4 (9%) 23 (54%)
Infiltrative Cells (N >15) 0.899
4- Wide Spread Cellular 10 (23%) 1 (2%) 11 (26%)
Dissociation (N < 15)
Stroma 1- Abundant 3 (7%) 1(2% 4 (9%)
2- Dense 27 (64%) 2 (4%) 29 (69%) 0114
3- Delicate 6 (14%) 3 (7%) 9 (21%) |
Inflammation 1- Marked 21 (50%) 4 (9%) 25 (59%)
2- Moderate 9 1 (2%) 10 (23%) 0.9
(21%) '
3- Slight 6 (14%) 1 (2%) 7 (16%)
Lympho Negative 28 (66%) 4 (9%) 32 (76%) 0.554
Vascqlar Positive 8 (19%) 2 (4%) 10 (23%) |
Invasion
Surgical Negative 32 (76%) 6 (14% 38 (90%)| 0.391
Margin Positive 4 (9%) 0 4 (9%)
Lymph Node Negative 20(47%) 2 (4% 22 (52%) 0.313
Positive 16 (38% 4 (9% 20 (47%
Neural Negative 25 (59%) 5(11% 30 (71%) 0.486
Invasion | Positive 11 (26% 1 (2% 12 (28% '

Inference: We didn’t not find any statistically significantseiation of demographic

parameters and histological parameters with logatim of immunoexpression of

AJUBA in tumor islands of OSCC.
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Table 3: Table showing the association of Demogr aphic Data parameters

with cellular location of |mmuno expression of AJUBA in tumor cells of

OSCC

Location of AJUBA In Tumor Cel

Demographic Cytoplasm| Nucleus + Nucleus +| Total P-
Data Cytoplasm| Cytoplasm + Value
Membrane
Age Less Than 40yrs 4 (9%) 3 (7%) 0 7 (16%)
More Than or Equal 1l (26%) | 22 (52%) | 2 (4%) 35 (83%)| 0.392
To 40yrs
Sex Male 14 (33%)| 24 (57%) 1 (2%) 39 (92%) 0.052
Female 1 (2%) 1 (2%) 1 (2%) 3 (7%) '
Habit Present 15 (35%) 25 (59%) 2 (4%) 42 (10000) -
Site Buccal Mucosa 8 (19%) 6 (14%) 0 14(33%
Tongue 0 3 (7% 0 3 (7%,
Gingivo Buccal Sulct | 3 (7% 8 (19% 0 11 (26%
Retro Molar Trigone 2 (4%) 4 (9%) 2 (4%) 8 (19%)
Hard Palate 0 1(2%) | O 1(2%) |9-227
Alveolus 0 2 (4%) 0 2 (4%)
Mandible 1 (2%) 1 (2%) 0 2 (4%)
Labial Mucos 1 (2%, 0 0 1 (2%,
Size Absent 3 (7%) 1 (2%) 0 4 (9%)
Less Than 10cm 5(11%) | 13 (30%) 1 (2%) 19 (459481
More Than 10cm 7 (16%) 11 (26% 1 (2%) 19 (45%)
TNM Absen 11 (26% | 18(42%), |2 (4% 31 (73%
Stage 2 1 (2%) 0 0 1 (2%)
Stage 4 A 2(@%) | 6(14%) | 0 8 (19%) | 0784
Stage 4 B 1 (2%) 1 (2%) 0 2 (4%)
Page 63




Results

« Table 3a: Table showing the association of Histopathological Parameters
with cellular location of lmmuno expression of AJUBA in tumor cells of

OSCC.
Location Of AJUBA In Tumor Cells
- - Cytoplasn | Nucleus +| Nucleus + Total
?::gﬁ%g?ls Cytoplasm CytOEIasm
Membrane
Depth Of | 2- Invasion Involving 2 (4%) 7 (16%) 1 (2%) 10 (23%
Invasion Lamina Propria
3- Invasion Below | 9 (21%) 11 (26%) 1 (2%) 21 (50%)
Lamina Propria
Involving Muscle,
Gland, Periosteum
4- Deep Invasion 4 (9%) 7 (16%) 0 11 (26%
Involving Jaw Bone
Histograde 1- WDSCC 5(11% 16 (38%) 2 (4% 23 (p4%
2- MDSCC 4 (9%) 9 (21%) 0 13 (30%) 0.007
3- PDSCC 6 (14% 0 0 6 (14% '
Invasive 1- Pushing Borde 0 1 (2% 0 1 (2%
Front 2- Infiltrative Solid 0 7 (16%) 0 7 (16%)
Cords
3- Small Groups or| 9 (21%) 12 (28%) 2 (4%) 23 (54%)
Cords of Infiltrative
Cells (N >15)
4- Wide Spread 6 (14%) 5 (11%) 0 11 (26%
Cellular Dissociation
(N < 15)
Stroma 1- Abundant 0 4 (9%) 0 4 (9%
2- Dense 9 (21%) 18 (42% 2 (4% 29 (69¢ o)0 131
3- Delicate 6 (14%) 3 (7%) 0 9(21%)
Inflammation 1- Marked 6 (14%) 18 (42% 1 (2%) 25 (59%)
2- Moderatt 3 (7% 6 (14% 1 (2% 10 (23% | 0.041*
3- Slight 6 (14% 1 (2% 0 7 (16%
Lympho Negative 11 (26%)| 19 (45% 2 (4%) 32 (76%)
Vascular Positive 4 (9%) 6 (14%) 0 10 (23%) 0.707
Invasion
Surgical Negative 14 (33%)| 22 (52% 2 (4%) 38 (90%) 0767
Margin Positive 1 (2%) 3 (7%) 0 4 (9%)|
Lymph Node Negative 6 (14%) 15 (35%) 1(2% 22 (5260.470
Positive 9 (21%) 10 (23% 1 (2%) 20 (47%)
Neural Negative 10 (23%)| 18 (42% 2 (4%) 30 (71%)
Invasion Positive 5 (11% 7 (16% 0 12 (28%
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Inference: Most of the parameters included in our study ditdfimal any statistically
significant association with cellular location ommunoexpression of AJUBA.
However, only two of the parameters like tumor grahd inflammatory response
was found to be statistically significant. On olsaey the histological tumor grade,
we found that majority ofWDSCC cases (n= 23) showed bothnuclear and
cytoplasmic immunoexpressiofB8%, n= 16) than compared to the MDSQG= 13)
and PDSCQn= 6) and this was found to be statistically significanth p= 0.007.
We also found that majority of OSCC cases showedkeda inflammatory cell
respons€b59%, n= 25) and furthermore this was found to have signifiasgociation

with nuclear and cytoplasmic expression of AJUBAhp= 0.041.

Page 65



Results

+ Table 4: Table showing the association of Demogr aphic Data parameters

with intensity of Immuno expression of AJUBA in OSCC.

Demographig Intensity P-
Data Value
Low High Total
Intense Intense
Age Less Than 40yrs 3 (7% 4 (9% 7 (16%)
More Than or Equal To 0.272
40yrs 8 (19%) | 27 (64%)| 35 (19%
Sex Male 10 (23%) 29 (69%) 39 (92%) 0.770
Female 1 (2%) 2 (4%) 3 (7%)
Habit Present 11 (26%9) 31 (73%) 42 (100pb)
Site Buccal Mucosa 3 (7%) 11 (26%) 14 (33%)
Tongue 1 (2%) 2 (4%) 3 (7%)
Gingivo Buccal Sulcus 4 (9%) 7 (16% 11 (26%)
Retro Molar Trigone 2 (4%) 6 (14% 8 (19% 0.608
Hard Palate 0 1 (2%) 1 (2%)
Alveolus 0 2 (4%) 2 (4%)
Mandible 0 2 (4%) 2 (4%)
Labial Mucosa 1 (2%) 0 1 (2%)
Size Absent 3 (7%) 1 (2%) 4 (9%)
Less Than 10cm 3 (7%) 16 (38%) 19 (45%) 0.50
More Than 10cm 5(11% 14 (33%) 19 (45%)
TNM Absent 8 (19%)| 23(54%) 31 (73%)
Stage 2 0 1 (2%) 1 (2%)
Stage 4 A 3(7%)| 5(11%) 8 (19% 0660
Stage 4 B 0 2 (4%) 2 (4%)
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« Table 4a: Table showing the association of Histopathological Parameters

with intensity of Immuno expression of AJUBA in OSCC.

Histological Intensity P-
parameters Value
Low High Total
Intense | Intense
Depth of 2- Invasion Involving Lamina
Invasion Propria 10 (23%) 0 10 (23%)
3- Invasion Below Lamina
Propria Involving Muscle, Gland|, 16 (38%)| 5 (11%) | 21 (50%) | 0.373
Periosteum
4- Deep Invaés(;?]rélnvolvmg Jaw 10 (23%)| 1 (2%) 11 (26%)
Histograde 1- WDSCC 6 (14%) 17 (40%)23 (54%)
2- MDSCC 4(09% | 9(21% | 13(30% | 0.810
3- PDSC( 1(2%, | 5(11% 6 (14%
Invasive Front 1- Pushing Border 1 (2%) 0 1 (2%)
2- Infiltrative Solid Cords 2(4%)| 5(11% 7 (16%
3- Small Groups or Cords of 0 0 o 1
Infiltrative Cells (N >15) 6 (14%) | 17 (40%) 23 (54%) | 0.36
4- Wide Spread Cellular o o o
Dissociation (N < 15) 2(4%) | 9(21%)] 11 (26%)
Stroma 1- Abundant 0 4 (9%) 4 (9%)
2- Denst 8 (19%) | 21 (50%) 29 (69%) | 0.430
3- Delicate 3(7%) | 6 (14%) 9 (21%)
Inflammation 1- Marked 4 (9%) | 21 (50%) 25 (59%)
2- Moderate 5(11%) | 5(11%)| 10 (23%)| 0.117
3- Slight 2 (4%) | 5(11%) 7 (16%)
Lympho Negative 9 (21%) | 23 (54%) 32 (76%)
Vascular iti 0.610
mvasion Positive 2 (4%) | 8(19%)| 10 (23%)
Surgical Margil Negative 10 (23%)| 28 (66%)| 38 (90%) 0.955
Positive 1 (2%) 3 (7%) 4 (9%) '
Lymph Node Negative 20 (47%)| 2 (4%) 22 (52%)
iti 9 0.470
Positive 16 (38% 4 (9%) 20 (47%)
Neural Invasio Negative 9 (21%) | 21 (50%) 30 (71%) 0375
Positive 2 (4%) | 10 (23%) 12 (28%) '
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Inference: We did not find any statistically significant asstion with intensity of
immunoexpression of AJUBA with all the demographitd histological parameters
included in our study. Though we did not find SSaxiation but we observed that
high intense (dark brown) staining was seen ironitgj of cases belonging to more
than or equal to 40yr$4%, n= 27), in males patient9%, n= 29), chewing type
of tobacco habif73%, n= 31), buccal mucosé26%, n= 11) Gingivo buccal sulcus
(16%, n= 7) and tumor size less than 10c{88%, n= 16). On analyzing the
histopathological parameters, we found high intemsaunoexpression of AJUBA in
all histological grade, small groups or cords diltimtive cells in the invasive front,
dense stroma and marked inflammation. However ethesults were not statistically
significant with immunoexpression of AJUBA. Similar we did not find any
significant association of AJUBA expression witlhet histological parameters like

DOI, LN metastasis, surgical margins and neurahsnon.
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« Table5: Table showing the association of Demogr aphic Data parameters

with per centage of positivity of |mmuno expression of AJUBA in OSCC.

Demographic % Of Positivity p- Value
Data 50-75% >75% Total
Age Less Than 40yrs 6 (14%) 1 (2%) 7 (16%)
More Than or Equal 0.195
To 40yrs 34 (80%) 1 (2%) 35 (83%
Sex Male 37 (88%)| 2 (4%) 39 (92%) 0,683
Female 3 (7%) 0 3 (7%)
Habit Present 40 (96%) 2 (4% 42 (100%0) -
Site Buccal Mucosa 13 (30% 1 (2% 14 (33%)
Tongue 3 (7%) 0 3 (7%)
Gingivo Buccal
Suleus 11 (26%) 0 11 (26%)
Retro Molar Trigone 7 (16%) 1(2% 8 (19%) 0.946
Hard Palate 1 (2%) 0 1 (2%)
Alveolus 2 (4%) 0 2 (4%)
Mandible 2 (4%) 0 2 (4%)
Labial Mucosa 1 (2%) 0 1 (2%)
Size Absent 4 (9%) 0 4 (9%)
Less Than 10cm 17 (40% 2 (4%) 19 (45%) 0.281
More Than 10cm 19 (45%) 0 19 (45%)
TNM Absent 29 (69%) | 2 (4%)| 31 (73%
Stage 2 1 (2%) 0 1 (2%)
Stage 4 A 8 (19%) 0 8 (19%) 0863
Stage 4 B 2 (4%) 0 2 (4%)
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« Table 5a: Table showing the association of Histopathological Parameters

with per centage of positivity of lmmuno expression of AJUBA in OSCC.

Histological % Of Positivity P-Value
parameters 50-75% | >75% Total
Depth_ Of 2- Invasion Invollvmg Lamina 10 (23%) 0 10 (23%)
Invasion Propria
3- Invasion Below Lamina
Propria Involving Muscle, | 20 (47%) | 1 (2%) 21 (50%) 0.620
Gland, Periosteum
4-Deep J'Z\‘,’Va;f:e'nvmv'ng 10 (23%) | 1(2%) 11 (26%)
Histograde 1- WDSCC 22 (52%) 1 (2%) 23 (54%)
2- MDSCC 12 (28%)| 1 (2% 13 (30%) 0.758
3- PDSCC 6 (14%) 0 6 (14%)
Invasive 1- Pushing Border 1 (2%) 0 1 (2%)
Front 2- Infiltrative Solid Cords 6 (14%)| 1 (2%) 7 (16%
3- Small Groups or Cords of
Infiltrative C(flls (N >15) 23 (54%) 0 23 (54%)| 0.383
el | 0w 10 11w
Stroma 1- Abundant 4 (9%) 0 4 (9%)
2- Dense 28 (66%) | 1 (2%) 29 0.574
3- Delicate 8(19%)| 1 (2% 9 (21%)
Inflammation 1- Marked 23 (54%) | 2 (4%) 25
2- Moderate 10 (23% 0 10 (23%) 0.383
3- Slight 7 (16%) 0 7 (16%)
Lympho Negative 31(73%)] 1(2%) 32 (76%
Vascglar Positive 9(21%) | 1(2%) 10 (23%) 0.373
Invasion
Surgical Negative 36 (85%)| 2 (4%) 38 (90% 0.638
Margin Positive 4 (9%) 0 4 (9%) '
Lymph Node Negative 21 (50%)| 1(2%) 22 (52% 0.945
Positive 19 (45%) | 1 (2%) 20 (47%)|
Neural Negative 29 (69%) 1(2%) 30 (71% 0.492
Invasion Positive 11 (26%) | 1 (2%) 12 (28%)
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Inference: We did not find any statistically significant assdion with percentage of
positivity of immunoexpression of AJUBA with alléerdemographic and histological

parameters included in our study.

No statistically significant association of immunoexpression of AJUBA in
regarding to localisation, cellular location, intensity and percentage of positivity
with most of the demographic and histological parameters. Only two of the
parameters like histological tumor grade and inflammatory response found to
have Statistically Significant association with cellular location of AJUBA
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DISCUSSION

OSCC is a major public health problem and it rasmke®ng the top ten cancer
worldwide?. A variety of risk factors such as, poor oral feyg, chronic irritation,
viral infection, occupational exposure, malnutritiand genetic factors, have been
proposed as etiological factors for the cause af oancet*®* Though there are
several modalities for treatment of OSCC but thegposis remains to be poor with
postoperative complications leading to difficulty mastication, dysphagia, as well as
speech and aesthetic issues, all of which candurtbads to poor patient's quality of

life.%

Morbidity and mortality rates are exceedingly high OSCC despite the
attainments achieved in its diagnosis and ther@pg. overall survival rate has also
remained to be only five years, this could be dudigld cancerization, inadequate
clearance of the tumor margins leading to localumemnce and metastasis and

decreased in host immune respc?nse

Thus, oral oncobiologist explored the reason fargarognosis of oral cancer
by understanding its molecular biology. Douglas &#n and Robert Weinberg
published “The Hallmarks of Cancer in January 200@' understand the exact
molecular mechanism as to how the cancer cellsnggated though the normal
controlling mechanisms govern and how the cancegrpssion occurs. These hall
marks include, sustaining proliferative signalingtgntial, insensitivity to anti-
growth signals, limitless replicative potentialsgined angiogenesis, tissue invasion

and metastasf&.
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The researchers have reported molecules in theps sthich are specific to
genetic variations in tumor suppressor genes (ApS3), proto-oncogenes (Myc),
oncogene (Ras) and genes controlling normal celpriacesses (EIF3E, GSTM1) that
in turn undergo processes such as mutations imusomes, alterations in genomic
copy number, loss of heterozygosity, telomere Mibties, dysregulations of cell-
cycle checkpoints, DNA damage repairs and defectwtch signaling pathways are

involved in causing oral cancer.

One such molecule which has been recently discdvangl known to have
both tumor suppressor and tumor promoter role IBW. AJUBA are a group of
proteins which belong to “Zyxin/AJUBA family (AJUBAWTIP, LIMD1) and are
characterized by 3 tandem C-terminal LIM domain amdque n-terminal LIM
region”. The LIM-domains of AJUBA interacts with large number of enzymes,
cytoskeletal proteins, receptors etc. and knowpddicipate in several signalling

pathways.

AJUBA is a multifunctional protein involved in thedevelopment of embryo
via taking part in epidermal germ layer stratifioat and differentiation’® In
physiological conditions AJUBA patrticipates in avelise array of cellular processes
such as cell-cell adhesion, cytoskeleton orgamimatbcalization of various cytosolic
proteins, mitosis and cell cycle. Apart from thermal physiological functions
AJUBA takes part in various pathological conditionisch as in development and
progression of cancer. The role of AJUBA in ceblgeration, tumorigenesis, tumor
progression, invasion and metastasis and its omiogeoperties have been shown in

various pathways like the Hippo pathway, Ras- MAp&thway, Snail- dependent
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repression of E- cadherin pathway, EMT and in patsMnvolved in DNA damage

response.

Studies has shown oncogenic role of AJUBA as a tygnamoter in different
types of human cancers including ESCC, coloreaaticoma, gastric cancer, small
cell lung cancer, breast cancer, cervical cancel pancreatic cancer. However,
others have reported it as a tumor suppressor @l stall lung cancer, malignant
mesothelioma, prostate cancer and hepatocellulesincena and a multitude of
mechanisms have been explained highlighting thimptexity of the functions of

AJUBA in the cancer context.

However, the literature regarding the role of AJUBAimited to HNSCC, on
literature search we found that in comprehensivegec atlas of HNSCC, mutations
has been noted in zyxin family of proteins linkedthe AJUBA protein. It has been
observed that 0- 6% of cases showed mutation oB®Jprotein and overexpression

had led to increased cellular growth and prolifierabf tumor cells of HNSCE

AJUBA has been implicated in epithelial carcinorsash as SCC of skin and
carcinoma involving the upper aerodigestive trsht.et al'®, Zhang et al*” in ESCC
and Xiaofeng Yao et al®® in OSCC showed that AJUBA was significantly
overexpressed compared to the adjacent normaledipith They also corelated the
high level of expression with various clinicopatbgic parameters such as TNM
staging, lymph node metastasis and recurrence., Ttheg findings revealed that

AJUBA is a new biomarker for cancer targeted thgrap

The above studies mentioned is of other populatgtn the individuals

having more of smoking form of tobacco habit. As etudy participants belong to
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tobacco belt area and the common etiology beingvictfgeform of tobacco. Thus, the
expression profile of AJUBA in our population wibSCC cases still needs to be
explored. Hence, the present study aimed to iry&sti and compare the
immunoexpression of AJUBA in normal oral mucosa &8CC and further we

focused on evaluation of its association with vasiclinicopathological parameters.

In the present study 42 cases of normal mucosd®&EIC were evaluated for
immunoexpression of AJUBA. On noting down the dgraphic parameters, we
found that most of the patients were above the afyed0 years with male
predominance. All the patients had habit historycbéwing tobacco and the most
common site of occurrence seen was in buccal muaasgagingivobuccal sulcus

followed by retromolar region, tongue etc.

The data suggested by IARC for peak age of incidésd" to 6" decade of
life. However,Cathy babu et al®’ in 2021 has reported that a large number of OSCC
cases develop a decade earlier in between'the @" decade of life. They also found
age group belonging to above the age of 40yrs misthes representing the highest
occurrence rate than females. This study was ircalance with the demographic

findings mentioned in our studyalay Kumar et al**

in their study reported that
OSCC is associated with tobacco history- smoke{esewable) or smoked form,
which is an important causative factor of cancellpfved by the most usual site of
occurrence i.e., buccal mucosa and gingivo-buceklus, tongue, gingiva etc. We
also observed the tobacco habit being the mairlogiioof OSCC in our cases,
moreover we found that all our cases had a histbtpbacco chewing habit. Due to

continuous keeping of tobacco in the form of quidhe buccal vestibule the common

site noted in our cases being buccal mucosa amjvgituccal sulcus.
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As the role of AJUBA has been studied in canceritsuéxpression profile in
normal tissue is limited. On noting down the immenxyaression of AJUBA in normal
oral mucosa, we observed a low intense (light b)owmmunoexpression of AJUBA
in all our cases. Among different layers of the epitheliummmmoexpression was
found predominantly in basal and supra basal laj¢ne epithelium and deeper part
of the connective tissue component. Majority of thses showed cellular location of
AJUBA in the cytoplasm and nucleus in both the tayaf the epithelium, however,
few cases also showed membrane location of AJUBAotomicrograph 5 — 9 &

Bar-graph: 1- 3)

Concurring to our study the gene and protein exwesof AJUBA in
different human tissues including its molecular dmalogical functions have been
described in a Human protein atf4§’ Here, a low intense immunoexpression of
AJUBA was seen, with intracellular location, whipbssibly might be suggesting its
cytoplasmic and nuclear expression. Also, it wagdahat the immunoexpression of

AJUBA was limited to the basal and supra basaltkeveytes of oral mucosa.

AJUBA which is a cytosolic protein is found in seafecellular components
and has been implicated in taking part in varioosmal physiological role at cellular
and biological events. Coupling with different sajng pathways through distinct
interaction® with the pre-LIM and LIM regions it has the ahjlito shuttle between

the nucleus and cytoplasm since its contains b&8 Bind NLS regiori&

Several studids-41>>464.70.7175.77.8283a shown functions of AJUBA as a
key regulator in cell proliferation and differeriten through various signalling
pathways. In a review birista Schleicher et al®® the regulatory mechanism of

AJUBA in maintaining the epidermal homeostasis afsb in cancer has been
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described. AJUBA promotes cellular differentiatiand stratification in basal layers
by participating in the assembly of various signallpathways such as NOTCH and
NUMB. AJUBA causes sequestration of NUMB and thysrmits nuclear

translocation of NICD to promote differentiation die keratinocytes. One more
pathway has been explained in the proliferatingab&eratinocyte is the shutting
down of the HIPPO signalling pathway. AJUBA acts asegative regulator of
HIPPO pathway by allowing the nuclear translocatbrY¥ AP/TAZ. Thus, all these

pathways could possibly explain AJUBA’'s immunoexgsien in basal and supra

basal cell layers of the epithelium in normal pbiagical context.

In a study conducted biielene Marie et al.**

on human keratinocyte the
functional role of AJUBA in cell junction and cytig@m has been explained where
they showed that there is a regulated recruitmémniM domain protein AJUBA to

cadherin-dependent cell-cell adhesive complexesitaadts on the membrane of E-
cadherin which is bound te-catenin by its amino terminal. They also showedt th
AJUBA, through its association with catenin to cadih adhesive complexes interacts

with F-actin. Thus, suggesting a possible immunoesgion of AJUBA in cytoplasm

and cell membrane.

AJUBA shuttling into the nucleus has been explaimeseveral studies which
have demonstrated that it has a key role in nuadeants such as in Mitosis and
transcriptional repressioMeirong bai et al*® studied the novel regulatory function of
AJUBA protein and its significant role in cell cgcprocess and suggested that when
AJUBA interacted with Aurora-A it causes autophasptation of Aurora in a
regulated manner and thus preventing excess eh&yrora-A kinase during the G2

phase of cell cycle. In a study conducted Byaoyuan Hou et al®® it was
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demonstrated that AJUBA by acting as a classic pressor of RA signalling
pathway modulates and negatively regulates thewagthThey also observed that
when AJUBA protein was absent, there was a decrefsell population in the
GO0/G1 phase, whereas in S-phase the cell populatimeased. Hence its nuclear
expression may be justified by the fact that itypla key role in cell cycle regulation
through this function. Based on the above liteetsupport we hypothesize that
AJUBA do have physiological role in normal oral maal epithelium and is required
for its prime role in epithelial proliferation ardifferentiation for maintaining its
stratification status. The expression of AJUBA esd intense this could be due to
downregulation of AJUBA molecule after completiohits physiological function.
Our observation regarding expression profile of B2Us first of its kind and proved

to have a role in normal physiological functiomafmal oral mucosal epithelium.

On evaluation of AJUBA immunoexpression in OSCCesawe observed an
enhanced immunoexpression in all the cases. Waelfthat there was no difference in
the immunoexpression at the superficial and ine$iont of the tumor. Majority of
our cases showed immunoexpression of AJUBA in thgpery of the tumor islands
compared to the central portion and percentageositipity was noted as 50-75%.
Our results were in concordance with various otsterdied®!’??2conducted on
systemic malignancies where they noted overexpmessi AJUBA in the tumorous
tissue. All these have suggested that AJUBA plagsyarole in tumor promotion and

tumor growth(Photomicrographs 10 — 17 &ar-graph: 4 & 5)
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Role of AJUBA in cancer as an oncogene or a tunu@piessor remains
controversial although majority of the studies supptumor promotion action and a
few studies are in favor of AJUBA as a tumor suppee. In different cancer types

varied functional role of AJUBA has been explained.

AJUBA acts as an oncogene in ESE®y activation of the MAP/ERK 1/2
pathway by upregulating the levels of MMP 10 and RN thus, promoting ESCC
growth. It also acts as a newer therapeutic taigete of AJUBA is implicated in
EMT pathways, in a study done on colorectal cancele of AJUBA has been
demonstrated on SNAIL dependent EMT, SNAIL actsaaslassic corepressor of
AJUBA which further interacts with the SNUG domahSNAIL thereby causing E-
cadherin downregulation which is an important moleof EMT. Thus, by regulating
the EMT pathway in colorectal carcinoma it promat@sior cell migration and can

also act as a cancer targeted therapy in metaSigtic

It was also noted that in malignant mesotheliBh#JUBA acts as a tumor
growth suppressor by its action on the HIPPO paghwawas seen to interact with
LATS1/2 there by prevention phosphorylation of YAR.contrary to this, YAP gets
translocated in the nucleus and causes transactivat CD1 and cause development
of various tumors and aids in tumor progresSiomience based on the above
literature support the overexpression of AJUBA IBQ@L could be due to its dual role
of tumor promoter and tumor suppressor activityt Bie exact role of AJUBA in

OSCC still needs to be validated with other molact¢chniques.

On analyzing cellular location of AJUBA in tumorlisemajority of our cases
showed both nucleus and cytoplasmic location. Henewe observed that only few

of our cases showed nuclear, cytoplasmic and mermabmmunoexpression of
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AJUBA in tumor cells of OSCC. These findings amnifar to the studies conducted
by Shi et al.*® andZhang et al.>” on ESCC, where they noted a enhance nuclear and

cytoplasmic immunoexpression of AJUBA.
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Nuclear and cytoplasmic expression of AJUBA in @nuoay be attributed to
its various adaptive and multifunctional role amsl property of shuttling between
cytoplasm and nucleus. In cytoplasm of tumor cdlUBA has an oncogenic role as it
regulates major signalling pathways such as WntSERK and HIPPO. Thus,
propagates signals from cytoplasm to nucleus. émilicleus of Cancer cell, it acts as
a key co-regulator of various transcriptional factoch as “SNAIL, SP1 and nuclear
hormone receptors.” Thus, AJUBA’s role in all thegathways, could possibly

explain its enhanced immunoexpression in nucledscgtoplasm of the tumor cells.

On assessing clinicopathological parameters wittUBW expression in
OSCC we did not find any statistically significaagsociation of AJUBA in most of
the parameters regarding to its localization, ¢alliocation, intensity and percentage

of positivity, this could be due to unequal distitibn of sample(Table: 2- 5)

These results were similar to the studies conduesitedther systemic cancers
like ESCC®' breast cancer and gastric caftevhere similar results were found
suggesting that the expression profile of AJUBA didt have any impact on

demographic data.

On evaluation of clinical data such size of theauind TNM staging with all
the parameters of immunoexpression of AJUBA, intiag to our results studies
dond®"1992showed that there is a statistically significassaiation with increased
tumor size and stage Il & IV of TNM staging. Thesesults suggest that

overexpression of AJUBA is corelated with decreamadival and poor prognosis.

We found only two of the histological parametek linflammatory response

and histological tumor grade to have statisticalfynificant association with cellular
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location of AJUBA expression. We observed markeffammatory response and
found to be significantly associated with cellulacation of immunoexpression of
AJUBA. In a study conducted l§rivennikov et al®® in colorectal cancer and chronic
inflammation their findings suggested that AJUBA as specific suppressor of
interferon signalling and has a targeted role flammation. This possibly explains
the association of AJUBA with inflammatory respomsecancerous tissues. Further,
role of AJUBA and tumor associated inflammationOSCC needs to be explored.

(Table: 3a)

In histological tumor grade, we found that majoofyWwWDSCC caseshowed
bothnuclear and cytoplasmicimmunoexpression than compared to the MDSCC and
PDSCC and this was found to be statistically sigarit. This was in contrary with
Shi et al.'® who corelated increased immunoexpression of AJUBith high
histological grade of ESCC. The role of AJUBA imtor differentiation still needs to

be validated in OSCC as our sample size had aruahddstribution.

It has been observed that overexpression of AJUB#s wgignificantly
associated with depth of invasion and LN metastasisreased survival rate and poor
prognosis®*”*® Though we did not find any statistically signifitce with these
prognostic parameters, but as per the literatuee riolecule AJUBA has the
propensity in upregulation of MMP 10 or 13 and YAi®lecules for the tumor cells
to pay the way for lymph node metastasis. Butrsimgly we also observed node
negative cases of OSCC also revealed enhance siprest AJUBA. Thus, for the
mechanism of role of AJUBA probably requires selvether molecular interactions

which was out of context for this study.
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We compared immunoexpression of AJUBA in OSCC cagds NOM, an
enhanced immunoexpression of AJUBA was observedllinases of OSCC which
showed dark brown staining suggestive of high isitgncompared to NOM which
showed low intense staining (light brown). Thessutts were statistically significant
and were in concordance with various other systemidignancie¥:!’1920:21.22.24

which showed overexpression of AJUBA in the cangsitissue when compared with

the adjacent non- tumors tissue or the normal efpitm. (Bar-graph: 6 & Table: 1)

In a study done on hepatocellular carcinoma it sfemvn that overexpression
of AJUBA inhibits cancer cell proliferation by dinmishing YAP levels an@-catenin.
A study on prostate cancer metastasis it was shbamnloss of AJUBA resulted in

enhanced migration of the tumor cells. Suggestives@aumor protective action.

In contrary to our results few studies have alsamshnegative expression of
AJUBA"#2728 |n gl these it has been demonstrated that ayeression of AJUBA
causes inhibition of the cellular growth, diffenation and migration by modulating

several cellular components and proteins.

All these findings possibly hypothesize that theedse role of AJUBA is
more of tissue specific and cancer context dependdrere over or under expression
of AJUBA leads to either tumorigenesis, tumor prtioT@ metastasis or tumor

suppression.

Moreover, we also observed AJUBA expression in rottennective tissue
components of normal oral mucosa and OSCC like lmusndothelial lining of small
and large blood vessels, nerve and salivary glamgponentPhotomicrographs 18

- 25). Similarly other authors have also found its espi@n in the above-mentioned
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connective tissue componeki¥illiam Razzell et al*® observed expression of AJUBA
in the Muscle and located its expression at théemgoof the myocytes and stated that
AJUBA junctional localization is regulated by actgosin contractility in the muscle.

In a study conducted bylasayuki Tsuneki et al*®

on infantile hemangiomas an
increased immunoexpression of AJUBA was noted & ehdothelial cells in the
proliferative phase of the tumor. In concordancéhwhese finding we also noted
increased expression of AJUBA in the endotheliainty of capillaries and blood

vessels within the tumor. Thus, possibly suggestsgle in tumor angiogenesis and

this needs to be further explored.

Hence, we hypothesize that as AJUBA is upregulatedOSCC cases
compared to Normal Mucosa and is known to be a Inbiemarker having a
multifunctional role in cancer and a potential &rtpr cancer targeted therapy, future
studies should be conducted focusing on explorinteaular mechanism of AJUBA

in cancer with various other techniques.

Page 84



Conclusion

SUMMARY AND CONCLUSION

Oral squamous cell carcinoma is a major public health problem and it ranks
among the top ten cancer worldwide. Cancer is associated with uncontrolled cell
growth and are multi-factorial in origin and aetiology. Though there are severa
modalities for treatment of oral squamous cell carcinoma but the prognosis remains to
be poor. The researchers have reported certain molecules which specifically mutated
or dysregulated like the p53, APC, Myc, Ras etc. One such novel protein known to be

mutated belongs to Zyxin family of proteins, named AJUBA.

AJUBA is a cytosolic protein and has the ability to shuttle between the
nucleus and cytoplasm. It is a multifunctional scaffold protein which takes part in
several physiological conditions such as cell-cell adhesion, cytoskeleton organization,
localization of various cytosolic proteins, mitosis and cell cycle. Apart from the
normal physiological functions recent studies have also noted its role in various
systemic malignancies. AJUBA is seen to be associated with tumor progression,

growth, migration and in few malignancies also as a tumor suppressor.

However, the literature regarding the role of AJUBA islimited to HNSCC. As
per the report on comprehensive human genomic atlas it has been observed that 0- 6%
of HNSCC cases showed mutation of AJUBA protein and overexpression had led to
increased cellular growth and proliferation of tumor cells of HNSCC, however the
literature regarding its immunoexpression profile and significance is limited in normal
oral mucosa and oral squamous cell carcinoma. Hence, the present study aimed at
evaluating the role of AJUBA in normal oral mucosa and oral sguamous cell

carcinoma.
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In our study we included histologically proven cases of norma oral mucosa
(n=42) were taken as a control group and the study group comprised of oral squamous
cell carcinoma (n=42) cases and all the cases were subjected to IHC for detection of
AJUBA. The parameters considered for evaluation of expression of AJUBA in normal
oral mucosa was level of expression in epithelium and connective tissue, cellular
location and intensity and in oral squamous cell carcinoma cases localization in tumor
islands, cellular location in tumor cells, intensity and percentage of positivity. After
assessing the immunoexpression of AJUBA, frequency percentage was considered for

some parameters and Chi square test was done considering the Cl 95% with p<0.05.

The current investigation reveal ed that:

% In normal oral mucosa, we found light brown indicating low intense
immunoexpression of AJUBA in al our cases. The expression was limited to
basal and supra basal layer (78%, n= 33) of the epithelium and also in the
deeper part of the connective tissue component (42.86%, n= 18) The cellular
location in majority of the cases was seen both in nucleus and cytoplasm
(54.76%, n= 23). Based on this observation we would like to hypothesize that
AJUBA do have physiological role in normal ora mucosal epithelium and is
required for its prime role in epithelial proliferation and differentiation for
maintaining its stratification status. The expression of AJUBA is less intense
this could be due to downregulation of AJUBA molecule after completion of
its physiological function. Our observation regarding expression profile of
AJUBA is first of its kind and proved to have a role in normal physiological

function of normal oral mucosal epithelium.
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% In oral sqguamous cell carcinoma case, we found enhance dark brown
staining indicating high intense immunoexpression of AJUBA than compared
to norma oral mucosa and this found to be statistically significant with
p<0.005. We aso observed that in all our cases of oral sguamous cell
carcinoma we found 50-75% of positivity of expression of AJUBA. We also
noted that expression of AJUBA predominantly seen at the periphery of the
tumor islands (85.71%, n= 36) and cellular location of AJUBA was seen
within the nucleus and cytoplasm of the tumor cells (59.52%, n= 25). We did
not find statistically significant of AJUBA expression with most of the
demographic parameters and histological parameters (Table 2 - 5a), this could
be due to unequal distribution of sample. Only histological grade and
inflammatory response revealed statistically significant with cellular location
of AJUBA expression (Table 3a). Based on our observation we would like to
hypothesize that the molecule AJUBA which is known to have double sword

role in its tumor suppression and tumor progression isalso true in oral cancer.
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CONCLUSION:

Our study is first of its kind in detecting AJUBA expression in NOM. Thus,
the molecule AJUBA do have physiological role in normal oral mucosal epithelium
and is required for its prime role in epithelial proliferation and differentiation for
maintaining its stratification status. It enhances expression profile in all our cases of
oral squamous cell carcinoma signifies that the molecule AJUBA do have significant
role in oral carcinogenesis. Though we found significant association of AJUBA with
histological tumor grade and inflammatory response, but the exact mechanism of its
role in tumor differentiation and tumor immune response needs to be further explored.
Hence, we would like to conclude that the molecule AJUBA has a definitive role in
oral cancer growth and progression and also, we would like to propose that the

AJUBA is novel biomarker for future cancer targeted therapy.

Page 88



Conclusion

FIGTURE.IZ. LO

TMMUND EXPRESSTLON OF ATUBA TN NORMAL ORAL MUCOsSA

W INTENSE [LETHT BKowNj

-

N

A. ATVBA IMMUNDEXPRESSTON
1IN NUCLEUS AND CYTOPLASM

MMUN 0 EXPRESSTON IN
B.ATUBA 3 MEMBRANE .

C.1MMUND EXPRESSTON OF AJUBA
TN THE MUSCLE

Page 89



Conclusion

FTVRE VA4
TMMUNO EXPRESSTON OF ATUBA IN DRAL SQUAMOUS CELL CARCINOMA

A.05cC TISSVE SHOWING HicrH
INTENSE EXFRESSTON 0F ATUBA
B.PERLPRERAL CELLS OF TUMOR
TSLANDS sHOowW NG ATUBA EXPRESSION
C.CELLULAR LocATLON 06 ATUBA
15 SEEN IN NUCLEUS 4 CYTOPLASH
0FTUMOR CELLS.
D. SALLVARY GLAND DUCT SHOWING
ATue A ExpPRESSTON
€. ENDOTHELTAL LINEP BLOOD
VESSELS SHowing ATUBA
E XPRESSToN

F. INFLAMMATORY CELLS SHowiNe
ATUBA EXPREssioN

G.IMMUND EXPRESSTON 0F ATUBA

IN MmuscLE.

Page 90



Limitations of the study

LIMITATIONS

The main limitation of our study is unequal distition of sample between the
parameters, due to this we were not able to estabdissociation of AJUBA
expression with most of the clinicopathologicalgraeters. As the immunoexpression
of AJUBA was found to be shuttling between nuclemgpplasm and membrane of
normal and tumor cells, we were not able to qugiitisf expression with the available
software’s like ImageJ. Though we could observeaeoh expression profile of
AJUBA in all our OSCC cases, but we were not ableldrive its exact role in oral

cancer.
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FUTURE SCOPE

The expression profile of AJUBA has been detected in normal oral mucosa
and OSCC, but still our observation needs to be further validated with larger sample
size with equal distribution of sample between all the parameters. As there is no
literature regarding the expression of AJUBA, further studies should be carried out in
evaluating the expression of AJUBA in all the potentially malignant disorders, so as
to detect the cancer progression at early stage and to aid accurate treatment
approaches. Moreover, the role of molecule AJUBA still needs to be established
through other advanced molecular techniques so as to reach this molecule as a target

for therapy in OSCC.
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ANNEXURE IV- PREPARATION OF APES (3- AMINO PROPYL
TRIETOXYSALINE) COATED GLASS SLIDES:
1. Clean dried glass were dipped in 1 % APES in aeeton
2. Slides were drained and dipped in acetone
3. Slide were drained again and dipped in dippedsiiligid water.
4. Slides were then placed in a rack and allowedyo dr

5. Slides can then be stored and used as required.
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ANNEXURE V- HEMATOXYLIN AND EOSIN STAINING

9.

TECHNIQUE (REGRESSIVE)

Sections were deparrafinized by warming on slidenvea for 10 min and
passed through Xylene | and Xylene Il for 10 mintea

Slides were passes through 90 % and 70% alcohél fimin each.

Slides were rehydrated by keeping in running wited 0 min.

Slides were dipped in Harris hematoxylin for 3 m@s30 seconds.
Slides were kept in water wash for 2-3 min.

Slides were differentiated by 1 dip in 1% acid alglo

Slides were kept in water wash for 10 min.

Bluing was done by keeping the slides in lithiunmbcaate for 5-8 min
and then water wash for 10 min

Slides were stained with eosin 10 sec.

10.Slides were passed through increasing grades ohallc70% and 90%

for 5 sec each.

11.Slides were dried, cleared in xylene and mounted.
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ANNEXURE VI- BUFFER PREPARATION METHOD

Tris Buffer: This was used for heat-induced epitope retrivdER) to unmask the
antigen binding sites in the tissues.
1. Tris buffer- 1.21gm

2. EDTA-0.37gm

The salts were dissolved and the volume was made LPOOmMI by adding distilled
water. The ph of the solution was maintained at&.9.
Phosphate buffered salinelt is used as wash buffer with pH ranging from 7.@-
The preparation formula is as follows:

1. Sodium Chloride (NaCl) — 3.2 gm

2. Dipotassium hydrogen phosphate#0O,): 0.484 gm

3. Potassium dihydrogen phosphate g#{0,) :0.144 gm

4. Dissolve the salts in 500 ml of distilled water.

5. The solution can be stored in a clean amber colbottle in the refrigerator

for a week.
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ANNEXURE VII- DEMOGRAPHIC DATA OF OSCC CASES

DEMOGRAPHIC PARAMETERS
Sl
No | Biopsy No Age Sex Habit Site Size| TNN
1 3716/11 2 1 1 3 2 5
2 3828/12 2 1 1 3 2 0
3 3840/12 2 1 1 3 2 0
4 3885/12 2 1 1 1 2 5
5 4003/12 2 1 1 3 1 5
6 4072/12 2 1 1 6 2 0
7 4088/12 2 2 1 6 1 5
8 4179/13 2 1 1 1 2 3
9 4281/13 1 1 1 4 1 0
10 4373/13 2 1 1 3 1 5
11 4410/14 2 1 1 3 0 5
12 4443/14 2 1 1 1 2 0
13 4448/14 1 1 1 3 2 0
14 4455/14 2 2 1 4 1 0
15 4585/14 2 1 1 7 1 0
16 4587/14 2 1 1 1 2 0
17 4598/14 2 1 1 1 1 0
18 4694/14 2 1 1 1 0 0
19 4706/15 1 1 1 3 0 0
20 4711/15 2 1 1 4 0 0
21 4712/15 1 1 1 1 2 5
22 4759/15 2 1 1 3 2 0
23 4807/15 2 2 1 3 2 0
24 4814/15 2 1 1 7 2 0
25 4820/15 1 1 1 1 2 0
26 4914/15 2 1 1 1 1 0
27 4951/15 1 1 1 8 1 0
28 5009/16 2 1 1 1 1 0
29 5036/16 2 1 1 5 1 0
30 5045/16 2 1 1 2 1 0
31 5109/16 2 1 1 4 1 0
32 5250/17 2 1 1 1 2 5
33 5341/17 2 1 1 1 2 0
34 5420/17 2 1 1 4 1 0
35 5440/17 2 1 1 3 1 0
36 5441/17 2 1 1 4 2 0
37 5454/17 2 1 1 1 2 0
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38 5696/18 2 1 1 2 1 6
39 5913/19 2 1 1 1 1 6
40 6048/20 1 1 1 4 1 0
41 6138/20 2 1 1 2 1 0
42 6213/21 2 1 1 4 2 0
Age Grade
Less than 40 yrs 1
More than 40 yrs 2
Sex Grade
Male 1
Female 2
Site Grade
Buccal mucosa 1
Tongue 2
Gingivo buccal sulcus 3
Retro molar trigone 4
Hard palate 5
Alveolus 6
Mandible 7
labial mucosa 8
Habit Grade
Present 1
Absent 0
TNM staging Grade
Stage 0 1
Stage 1 2
Stage 2 3
Stage 3 4
Stage 4 A 5
Stage 4 B 6
Stage 4 C 7
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CINICOPATHLOGICAL DATA OF OSCC CASES
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38 | 5696/18 2 2 3 2 1 0 0 0 0

39 | 5913/19 4 3 4 3 3 0 1 1 1

40 | 6048/20 3 2 4 2 1 1 0 1 1

41 | 6138/20 3 1 3 1 1 0 0 0 0

42 | 6213/21] 3 1 3 2 1 0 0 1 0
1- CAinsitu

Depth of invasion

Histo grade

Invasive front

Type of Stroma

Extent of inflammation

Lymph vascular invasion

Surgical margins

Lymph node metastasis

2- Invasion involving lamina propria

3- Invasion below lamina propria involving muscle,
gland, periosteum

4- Deep invasion involving jaw bo

1- WDSCC
2- MDSCC
3- PDSCC
1- Pushing border

2- Infiltrative solid cords

3- Small groups or cords of infiltrative cells (n >
4- Wide spread cellular dissociation (n < 15)

5- Tumor satellite’s
1- Abundant
2- Dense

3- Delicate
4- None

1- marked
2- moderate
3- slight

4- none

1- positive
0- negative
1- positive
0- negative
1- positive
0- negative
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ANNEXURE VII- MASTER CHART OF NORMAL ORAL

MUCOSA CASES
Level of Level of
AJUBA expression of Cellular location

Sl. expression in AJUBA in of AJUBA In

No OP No | epithelial layers| connective tissue epithelium Intensity
1 1711 2 0 2 1
2 1715 2 2 4 1
3 1716 2 0 4 1
4 1803 2 2 2 1
5 2638 2 2 4 2
6 3262 A 2 0 4 1
7 3262 B 2 2 4 1
8 3268 2 0 4 1
9 3848 2 0 4 1
10 3849 A 1 0 2 1
11 3849 B 1 0 2 1
12 3855 2 2 4 1
13 3856 2 1 4 2
14 3860 2 0 4 2
15 4227 2 0 4 1
16 4228 2 0 2 1
17 4235 2 2 2 1
18 4470 1 0 4 1
19 4471 1 0 4 2
20 4472 A 2 0 4 2
21 4472 B 2 0 2 1
22 4507 2 2 4 1
23 4510 2 0 4 2
24 4529 2 1 1 1
25 4571 2 0 4 2
26 4771 A 3 2 1 2
27 4771 B 3 2 1 2
28 4807 2 2 2 1
29 5383 2 2 4 2
30 6236 2 2 2 1
31 6248 2 0 2 1
32 6249 2 0 2 1
33 6257 A 2 0 5 1
34 6257 B 3 2 4 2
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35 6258 2 2 2 1
36 6270 3 0 2 2
37 6271 2 0 5 2
38 6276 3 0 4 2
39 6313 2 2 4 2
40 6331 2 2 4 1
41 6350 2 2 2 1
42 6364 2 2 4 2
Level of expression of AJUBA in epithelium layers ®ADE
Basal (B) 1
B+Suprabasal (SB) 2
B+SB+Superficial (SU)
Level of expression of AJUBA in the connective tise GRADE
Juxta epithelial 1
Submucosal 2
Deeper epithelium 3
Localization of AJUBA in epithelium GRADE
Nucleus (N) 1
Cytoplasm (C) 2
Membrane (M) 3
N+C 4
N+C+M 5
Intensity of AJUBA GRA
No staining 0
Light brown 1
Dark brown 2
Absent 0

Page 116




Annexures

ANNEXURE VII- MASTER CHART OF OSCC CASES

IHC ANALYSIS
Expression Localisation of Cellular location of Percentage

Sl. of AJUBA in | AJUBA in tumor AJUBA in tumor of
No Tumor islands cells Intensity Positivity
1 3 1 4 2 3
2 3 1 4 1 3
3 3 1 4 1 3
4 3 1 4 1 3
5 3 1 4 2 3
6 3 3 4 2 3
7 3 1 4 2 3
8 3 1 2 2 3
9 3 1 4 2 3
10 3 1 4 3
11 3 1 4 1 3
12 3 1 4 2 3
13 3 1 2 2 3
14 3 1 5 1 3
15 3 1 2 2 3
16 3 3 2 1 3
17 3 1 2 3
18 3 1 2 2 3
19 3 3 2 1 3
20 3 1 2 1 3
21 3 1 2 1 3
22 3 1 4 2 3
23 3 1 2 2 3
24 3 1 4 2 3
25 3 1 4 2 3
26 3 3 4 2 4
27 3 1 2 1 3
28 3 1 4 2 3
29 3 1 4 2 3
30 3 1 4 1 3
31 3 1 2 2 3
32 3 3 2 2 3
33 3 1 2 2 3
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Annexures

34

35

36

37

N )
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Wl W W w

38

39

40

41

42

Wl W W W W W w w w

R wl PP PR Rk ke

gl | BN b

Expression of AJUBA in tumor
Superficial front
Invasive front
S+l
Localization of AJUBA in tumor
islands
Peripheral
Central
P+C
Cellular location of AJUBA in the
tumor cells
Nuclear (N)
Cytoplasm (C)
Membrane (M)
N+C
N+C+M
Intensity
No stain
Light brown
Dark brown
% of Positivity
<25%
25-50%
50-75%
>75%

Grade
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