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ABSTRACT

Bacterial infection of the middle ear is a common problem, which is cleared
by an innate immune response referred to as Acute Otitis Media (AOM). The
acute response resolves its own, except in a subset of patients who experience
progression into chronic suppurative otitis media (CSOM). The chronic response
results in inflammatory damage to the middle ear. Uncontrolled inflammation in
CSOM has been linked to the overactivation of the Toll-like receptor 4 (TLR4)
pathway. This pathway is activated by lipopolysaccharide (LPS) released from
the gram-negative bacterial cell wall. Currently, there is limited information
about the factors responsible for overactivation of TLR4 pathway in CSOM. One
possible factor could be the hypersensitivity of the TLR4 pathway in CSOM
patients. Therefore, the present study aimed to evaluate the role of genetic and
immunological factors on the TLR4 pathway in CSOM patients.

This is a case-control study, it comprises of CSOM patients (n=63) and
healthy controls (n=63). After obtaining the written informed consent, the
peripheral blood samples were collected, isolated the peripheral blood
mononuclear cells (PBMCs), and cultured for 4 h with and without LPS
treatment. The expression levels of TLR4 and NFkB genes were measured in
cultured cells by quantitative polymerase chain reaction (QPCR). The levels of
TNFa and IL-10 cytokines were measured in the conditioned media using an
enzyme-linked immunosorbent assay (ELISA). The genetic variation in the TLR4

gene promoter region was analysed by using Sangers sequencing method.



LPS-induced fold change in the expression of the TLR4 gene (2.8 vs. 1.6;
p<0.001; Student's t-test) and the NFkB gene (3.8 vs. 1.4; p<0.001; Student's t-
test) were higher in the CSOM group than in control group. Furthermore, LPS-
induced fold change in TNFa protein production were higher in the CSOM group
compared to control group (3.2 vs. 1.1; p<0.001; Mann Whitney U test). LPS-
induced fold change in IL-10 protein production was lower in the CSOM group
compared to control group (0.58 vs. 0.78; p<0.001: Mann Whitney U test). The
relationship between components of the TLR4 pathway of the three markers in
the CSOM group was evaluated by using correlation analysis. There was a
positive correlation between TLR4 and NFkB gene expression levels (r=0.77,
p=0.01, Pearson’s correlation), and a positive correlation between NFkB gene
expression and TNFa protein levels were observed (r=0.37, p=0.01, Spearman’s
rho correlation). Furthermore, the TLR4 gene expression was also analysed after
subgrouping of CSOM patients based on clinical profile. However, the gender,
laterality, and disease duration did not affect the LPS-induced fold change in
TLR4 and NFKB gene expression, TNFa and IL-10 protein expression levels.
Further, to find weather the TLR4 gene genetic variation is associated with
CSOM, four single nucleotide polymorphisms (SNPs) in the TLR4 gene
promoter region were selected since they are predicted to be transcription factor
binding motifs. SNPs in the TLR4 gene promoter regions such as -2604 G>A, -
2570 A>G, -2604 G>A, and -2026 A>G were identified. The genotype and allele
frequency distribution showed no statistically significant difference between the

two groups (p>0.05; Fisher's exact test). This indicates that the TLR4 gene



promoter region SNPs (-2604 G>A, -2570 A>G, -2604 G>A, and -2026 A>G)
may not be associated with CSOM.

The results of the present study support the conclusion that the stimulation
of PBMCs with LPS leads to relatively higher levels of TLR4 and NFkB gene
expression, and elevated levels of TNFa pro-inflammatory cytokines in CSOM.
LPS-induced fold change in TLR4 gene expression is correlated with NFkB gene
expression and the NFKkB gene expression is correlated with TNFa production.
These results indicate that the TLR4 pathway is intrinsically hypersensitive to
LPS in CSOM. This suggests that the CSOM may arises when a person with
intrinsic hypersensitivity to the TLR4 pathway infected with bacteria in the
middle ear. Therefore, future studies need to explore the TLR4 pathway for

developing drugs that can mitigate the inflammatory damage in CSOM.
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Introduction

1. Introduction

Otitis Media (OM) is an infection of the middle ear that causes
inflammation and accumulation of fluid behind the eardrum. Based on the
severity of the infection, OM is classified as Acute Otitis Media (AOM) and
Chronic Supportive Otitis Media (CSOM). AOM is an infection of rapid onset
that usually presents ear pain and no tympanic membrane perforation. But,
CSOM presents persistent infection and more than three episodes in a month with

tympanic membrane perforation [Bhutta et al., 2017; Acuin et al., 2007].

The global estimate of the prevalence rate of CSOM cases with discharging
ears ranges between 1-46%. According to World Health Organization (WHO),
the highest prevalence of CSOM was observed in Western Pacific countries, 2.5-
43%, followed by 0.9-7.8% in South East Asia, 0.4-4.2% in South Africa, 3% in
Central America, 1.4% in Eastern Mediterranean, and 0.4% in Europe [Muftah
etal., 2015]. A recent study from India also showed that the prevalence of CSOM
IS 5.2% [Bellad et al., 2019]. CSOM leads to serious health complications such
as brain abscess, hearing loss, meningitis, facial nerve paralysis, etc. [Hutz et al.,
2018]. Understanding the pathophysiology is required for the better management

of patients with CSOM.

CSOM involves inflammatory damage to the middle ear mucosa [Schilder
et al., 2016]. Inflammation of the middle ear (swelling, fluid collection, and
blockage of the Eustachian tube in the middle ear) is caused by bacteria and

viruses [Bakaletz et al., 2010]. Certain immunological factors include innate
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defense molecules, such as complement factors, cytokines, lysozyme, defensins,
and chemokines are responsible for initiating a response to pathogens [Massa et
al., 2003, Bluestone et al., 2003]. These immunological factors potentially have
a pathogenic role in causing the disease [Mittal et al., 2014]. Persistent
inflammations were observed in CSOM patients [Morris et al., 2012; Mittal et
al., 2015]. Current evidence indicates that the inflammatory cytokine (IL-8, TNF,
IL-1, and IL-6) were increased in the middle ear mucosa of CSOM patients
[Elmorsy et al., 2010; Si et al., 2014]. These cytokines are produced by the
activation of Pattern Recognition Receptors (PRRs); one of the significant PRRs
is Toll-like receptors (TLRs). Activation of TLRs triggers the release of several

pro-inflammatory cytokines [Trune et al., 2015; Leichtle et al., 2011].

Exaggerated inflammation, mainly via the Toll-like receptor 4 (TLR4)
pathways, was shown to be one of the major influencing factors involved in the
development of OM [Jung et al., 2021]. Middle ear infection results in the
activation of inflammation to clear the infectious agents. These results in a
condition called AOM. However, in some patients, the inflammation does not
resolve after the clearance of infectious agents and becomes chronic. Chronic
inflammation then results in damage to the middle ear. The factors responsible
for the progression of Acute OM to CSOM are currently unclear. Therefore, this
study aimed to evaluate genetic and immunological factors role in the TLR4

pathway in CSOM patients.
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Aim, Research question, Objectives, Rationale, and Significance

2. Aim, Research question, Objectives, Rationale, and Significance

2.1.

Aim of the study

To evaluate genetic and immunological factors role in the TLR4 pathway

in CSOM patients.

2.2. Research questions

2.3.

Does alterations in the TLR4 pathway lead to CSOM?

Does genetic variation in the TLR4 gene and gene expression increase the

TLR4 activity in CSOM?
Objectives of the study

To quantify the effect of LPS on TLR4 gene expression levels in the PBMCs

of CSOM patients and healthy controls.

To quantify the effect of LPS on NFkB gene expression levels in the PBMCs

of CSOM patients and healthy controls.

To assess the effect of LPS on TNFa and IL-10 cytokines levels in the

PBMCs of CSOM patients and healthy controls.

To evaluate the influence of genetic variation in promoter region TLR4 gene

in CSOM patients and healthy controls.
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2.4. Rationale

In CSOM patients, the TLR4 pathway may be more sensitive. A potent
TLR4 agonist can cause an excessive cellular response. The key receptor and
transcription factors of the TLR4 pathway, such as TLR4 (receptor) and NFkB
(transcription factor), may be upregulated as a result of this hypersensitivity and
secretes of pro-inflammatory cytokines [Guijarro-Mufioz et al., 2014]. This study
evaluated this phase by comparing the LPS-treated expression of TLR4 and NFkB
genes and the production of pro-inflammatory and anti-inflammatory cytokines.
TNFo and IL-10 are the two most important cytokines associated with CSOM
[Kuczkowski et al., 2011]. LPS is a representative ligand to activate the TLR4
pathway. TLR4 is known to be expressed on blood cells such as monocytes,
macrophages, dendritic cells, and epithelial cells [Zmonarski et al., 2019]. These
PBMCs of CSOM patients and healthy controls can be used as a model to study
the TLR4 pathway in CSOM. The function of the TLR4 pathway in PBMCs is
probably similar because intrinsic factors are genetically determined. Therefore,
the aim of this study was to investigate the components linked to the TLR4

pathway in CSOM patients.

This study hypothesized that LPS treatment of PBMC samples would result
in the upregulation of TLR4 and NFkB gene expression and elevated TNFa
production in CSOM patients compared with healthy controls. In other words,
samples from CSOM patients are likely to show hyper-sensitivity to LPS

compared to healthy controls.
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2.5. Significance of the study

CSOM is a multifactorial disease with a genetic component, and less is
understood about the pathogenesis of CSOM. Therefore, understanding the
pathophysiological basis of CSOM is necessary to uncover novel therapeutic
targets. The results of this study will also contribute to elucidating the molecular
mechanism by which the TLR4 pathway plays a role in the pathogenesis of
CSOM and alterations in the TLR4 pathway lead to CSOM. Then it can be
considered as a drug target. This study provides the mechanistic role of the TLR4
pathway in CSOM patients. The knowledge obtained from this study might be
helpful in developing therapeutic strategies to treat/better management of

CSOM.

If the TLR4 is hyperresponsive to prevent the development of AOM to
CSOM, anti-TLR4 therapies can be designed. This study will also clarify the
function of TLR4 and NFkB gene expression and enhanced TNFa cytokine
production, which will contribute to understanding the mechanistic basis for the
elevated TLR4 levels in CSOM. The information generated from this study might
help to develop therapeutic strategies for ameliorating the progression of AOM

to CSOM.
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3. Review of Literature

3.1. Clinical features of Otitis Media

3.1.1. Signs and symptoms of OM

The common symptoms of OM include irritability, difficulty sleeping or
staying asleep, pulling at one or both ears, fever, fluid draining from the ear,
hearing problems, and ear pain [Sharma et al., 2015]. The common signs of OM
are the infection in the middle ear, granulation of tissue often seen in the middle

ear space, and the external auditory canal may be oedematous.
3.1.2. Classification of Otitis Media

Otitis media is classified based on the severity of the disease into two

subtypes.

1. Acute Otitis Media (AOM)

2. Chronic Supportive Otitis Media (CSOM)

AOM starts with a middle ear infection with a fever. CSOM involves
persistent infection and continuous ottorrhea for more than three episodes in a
month with a tympanic membrane perforation [Mittal et al., 2015; Levi et al.,

2022].
3.1.3. Burden of CSOM

CSOM affects 5.2% of the Indian population [Bellad et al., 2019]. The
global estimate of the prevalence rate ranges between 1-46% of cases with

discharging ears. According to World Health Organization (WHO), the highest
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prevalence of CSOM was observed in Western Pacific countries (2.5-43%)
[Muftah et al., 2015]. These high prevalence shows that CSOM is a major public
health burden in India. An understanding of the anatomical structure of the

middle ear is necessary for the better management of CSOM.
3.2. Anatomy of the ear

The external, middle, and inner ears are the three interconnected parts of
the ear (Figure 3.1) [Hawkins et al., 2023]. The cochlea, sometimes known as the
organ of hearing, is located in the inner ear, which also houses the body's organ
of balance. On the other hand, the external and middle ears are primarily
concerned with the transmission of sound. The external ear canal, also known as
the external auditory canal or external auditory meatus (EAM), is about 2.5 cm
long and coated with skin. The outer part of the pinna is made up of cartilage,
and the skin lining has hair follicles and wax-producing glands made up of
ceruminous, and sebaceous glands. At the end of the external ear canal, the
tympanic membrane (eardrum) is present. The middle ear has an irregular shape
and is lined with mucosa. Although commonly thought of as an air-filled space,
it is filled with nitrogen-rich gas [Hussain et al., 2016]. The external and middle
ear are separated by the tympanic membrane, which has a slightly oval shape and
a maximum diameter of 9-10 mm. Most of this membrane, located at the bottom
portion of the tympanic membrane, is made up of the pars tensa. There are three
layers:

1. Epithelium continuous with the external ear canal

2. Fibrous middle layer
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3. Mucosal layer lining the whole of the middle ear and upper respiratory tract

Above the pars tensa, in a triangular region without a fibrous layer, is the
pars flaccida. This increases its susceptibility to cholesteatoma, an ear condition
brought on by a buildup of dead skin cells in the middle ear that results in
discharge and hearing loss. The inner ear consists of the cochlea (organ of
hearing) and the peripheral vestibular apparatus (organ of body balance). The
cochlea is a thick, two and third-turn structure that resembles a snail. It is oriented
sideways and contains the organ of the Corti. The inner ears spiral canal ranges
from 29-40 mm. The peripheral vestibular system controls balance and

coordinates head and eye movement [Harkin et al., 2021].

\ semicircular canals |\ ocyipy ¢ apparatus
/ vestibule

. vestibulocochlear nerve
cochlea
helix

oval window
round window

tympanic membrane

auditory ossicles

external auditory canal

auricle
A

eustachian tube

L _ i Doy . outer ear g middle ear . inner ear

Figure 3.1: Ear anatomy (Source: Hawkins et al., 2023).

3.3. Pathogenesis of CSOM

CSOM typically develops after an AOM. The infected nasopharyngeal
secretions are either aspirated, insufflated, or refluxed via the tube into the middle

ear when the tympanic membrane raptures and an upper respiratory tract
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infection develops and results in CSOM. Bacteria such as Pseudomonas
aeruginosa, Proteus mirabilis, Escherichia coli, and Klebsiella species are
commonly found in the middle ear fluid of CSOM patients [Afolabi et al., 2012].
The pathogenesis of CSOM is also associated with one or more risk factors such
as upper respiratory tract infection, host factors, impaired immunologic state,

familial predisposition form of feeding, and environmental [Kong et al., 2009].
3.4. Bacteriology of CSOM

Middle ear bacterial infection is the most common cause of OM. Major
bacterial species such as the primary causes of AOM include Streptococcus
pneumoniae, Haemophilus influenza, and Moraxella catarrhalis[Sierra et al.,
2011; Qureishi et al., 2014]. The most common aerobic microbial isolates in
CSOM patients are Pseudomonas aeruginosa and Staphylococcus aureus,
followed by Proteus Vulgaris and Klebsiella pneumoniae [Khan et al., 2020;
Prakash et al., 2013; Sattar et al., 2012; Aduda et al., 2013]. According to
numerous studies from different nations, including India, Nepal, Singapore, and
Nigeria, P. aeruginosa, followed by S. aureus, are the highly prevalent bacterial
species in CSOM [Sharma et al., 2010; Dayasena et al., 2011; Madana et al.,
2011; Afolabi et al., 2012; Asish et al., 2013]. Studies from Pakistan (Gilgit),
Iran, and Saudi Arabia, however, demonstrated that P. aeruginosa and S. aureus
were the two most prevalent pathogens associated with CSOM [Ettehad et al.,
2006; Mariam et al., 2013]. The differences in the patient populations and
geographic variation may be responsible for the differences in the various studies

(Table 3.1).
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Table 3.1: List of the bacteria observed in CSOM patients.

Frequency

S.No Bacteria (%) Reference

1  Pseudomonas aeruginosa 33.0 Khan et al., 2020
Staphylococcus aureus 30.0
Pseudomonas spp 17.1

2  Staphylococcus aureus 48.7 Prakash et al., 2013
Pseudomonas aeruginosa 19.9

3 Pseudomonas aeruginosa 38.0 Satter et al., 2012
Staphylococcus aureus 22.0

4 Proteus spp 32.7 Aduda et al., 2013
Enterococcus 28.6
Staphylococcus aureus 12.8
Pseudomonas spp 11.3

5  Pseudomonas aeruginosa 77.0 Sharmaetal., 2010

6  Pseudomonas species 29.5 Dayasena et al.,
staphylococcus 20.5 2011

7  Pseudomonas aeruginosa 32.0 Madanaetal., 2011
Proteus mirabilis 20.0
Staphylococcus aureus 19.0

8  Pseudomonas aeruginosa 31.3 Afolabi et al., 2012
Klebsiellaspp 23.9
Staphylococcus spp 16.4
Proteus mirabilis 14.9
Streptococcus spp 11.2

9 Pseudomonas aeruginosa 33.0 Asish et al., 2013
Staphylococcus aureus 25.8
Proteus mirabilis 20.6
Enterobacteraerogenes 4.1

and Streptococcus spp
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10  Staphylococcus aureus 38.4 Ettehad et al., 2006
pseudomonas aeruginosa 29.6
Proteus 10.5

11  Staphylococcus aureus 65.2 Mariam et al., 2013
Pseudomonas aeruginosa 15.2
Proteus mirabilis 13.0
Escherichia coli 6.2

3.5. Cellular and molecular basis of inflammation

Pathogens and poisonous substances are two examples of the many things
that can cause tissue damage, and inflammation is an innate immune response
that repairs it [Chen et al., 2017]. The inflammatory response is the coordinated
activation of signaling pathways that control the amount of inflammatory
mediators in both native tissue and inflammatory cells [Sugimoto et al., 2016].
The following summarizes the common mechanism responsible for the
inflammatory response.

1. Recognition of stimuli by cell surface pattern receptors
2. Activation of inflammatory pathways
3. Release of inflammatory markers and chemotaxis

4. Resolution of inflammatory damage
3.5.1. Recognition of stimuli by cell surface pattern receptors

The "Recognition of infection or injury" sets off the inflammatory cascade.
This is typically accomplished by the Pattern Recognition Receptors (PRRs)
detecting Pathogen Associated Molecular Patterns (PAMPs) and Damage

Associated Molecular Patterns (DAMPSs) [Zindel et al., 2020]. The PRR
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signaling pathway activation is followed by transcription factors and the

production of pro-inflammatory cytokines [Liu et al., 2017].
3.5.2. Activation of inflammatory pathways

The ligand binds to its receptor and activates the downstream signaling
molecules in various pathways such as the TLR4 pathway, TLR2 pathway, and
RAGE pathway. The activation of these pathways transduces the signal that
activates the transcription factor NFkB, which is present in all cell types and
remains dormant when coupled to its inhibitor protein, Ik-B. When a signal is
received, NFKB is released from Ik-B and moves to the nucleus, which binds to
certain promoter areas to start transcription of pro or anti-inflammatory cytokines

such as IL-1-, IL-6, and TNFa [Yu et al., 2020].
3.5.3. Release of inflammatory cytokines and chemotaxis

The release of pro-inflammatory cytokines and chemokines impacts the
cellular activities of other cells. The cytokines and chemokines activate the
immune cells, such as neutrophils and monocytes, to reach the site of an injury
or infection. These cells further release harmful substances from their
cytoplasmic granules, resulting in the creation of a cytotoxic environment. The
degranulation process and the rapid release of chemicals necessitate the
consumption of both glucose and oxygen, known as a “respiratory burst." Both
pathogens and host cells are destroyed by these substances [Kany et al., 2019].

These interactions combine to produce the classic symptoms of local
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inflammation, including heat (calor), swelling (tumor), redness (rubor), and pain

(dolor).
3.5.4. Resolution of inflammatory damage

The last stage of inflammation is the resolution of infectious agents,
essential for preventing host collateral damage. After the initial hours of
inflammation, tissue-resident and recruited macrophages initiate a coordinated
program of resolution [Watanabe et al., 2019]. These cells produce pro-
inflammatory prostaglandins and leukotrienes during acute inflammation but
quickly switch to lipoxins, which prevent the recruitment of more neutrophils
and encourage the infiltration of primed macrophages crucial for clearance of the

bacteria [Sugimoto et al., 2016].
3.6. Mediators of the inflammation

In general, during tissue injury or bacterial infections, the inflammation can
be mediated by several factors. The inflammatory process involves several
mediators which can act as ligands (PAMPs and DAMPs), receptors (TLRs),
signal transducers (NFkB), and cytokines (pro- and anti-inflammatory) [Liu et

al., 2017; Amarante-Mendes et al., 2018].
3.6.1. Pathogen-associated molecular patterns

PAMPs are molecules with conserved motifs linked to pathogen infection
that act as ligands for host pattern recognition molecules like Toll-like receptors
(TLRs) [Carrillo et al., 2017]. PAMPs start an inflammatory response brought

upon by a pathogen [Li and Wu, 2021]. PAMPs are formed from microbial
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components and are conserved molecular patterns found in a particular class of
microbes, such as lipopolysaccharide and peptidoglycan found in cell walls,
DNA, RNA, viral proteins from the envelope, capsid, glycolipids, and

glycoprotein, etc.
3.6.2. Damage-associated molecular patterns

Danger-associated molecular patterns/alarmins/danger signals are
responsible for the clearance of cell or tissue damage [Roh et al., 2018]. DAMPs
are biomolecules capable of inducing "sterile inflammation,” a non-infectious
inflammatory response [Chen et al., 2017]. DAMPs differ significantly based on
the kind of cell and the tissue affected [Vénéreau et al., 2015]. DAMPs denaturate
as they transition from a reducing to an oxidizing environment, which alerts
immune cells to detect their molecular pattern and induce an immune response
[Relja et al., 2020]. Cytosolic or nuclear DAMPs are released into the
extracellular environment due to tissue damage [Schaefer et al., 2014]. Examples
of protein DAMPs are heat shock proteins, fragments of hyaluronan, and
HMGB1 (high mobility box-1), and the non-protein DAMPSs are uric acid, DNA,

and heparin sulfate.
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3.6.3. PRR and its action in cells

The primary receptors involved in inflammation are PRRs [Kumar et al.,
2019). The body needs to be informed of the presence of potentially dangerous
pathogens when a microbial infection occurs. Specifically designed receptors
called PRRs are mostly expressed on immune cells such as cytotoxic natural
Killer cells, dendritic cells, monocytes, neutrophils, macrophages, and epithelial
cells [Gasteiger et al., 2017]. Two groups of molecules, i.e., damage-associated
molecular patterns, which are linked to cellular damage, and pathogen-associated
molecular patterns, which are linked to microbial infections, can bind to PRRs

and transduce the signal inside the cell.
3.6.3.1. Classification of PRRs

The PRRs can be classified into two types (membrane-bound and
cytoplasmic) based on their location in the cells. PRRs are specific for PAMPs
and DAMPs from several sources and can be expressed on cell surfaces [Li et
al., 2021]. TLRs and c-lectin-like receptors (CLRs), are examples of membrane-
bound PRRs, and the cytoplasmic PRRs are RIG-1-like receptors (RLRs) and

nucleotide binding and oligomerization domain like receptors (NLR).
3.6.3.1.1. Membrane-bound receptors

Specialized protein molecules known as membrane receptors are
incorporated into or linked to the cell membrane and can detect PAMPs and
DAMPs released by the pathogens and are present in the extracellular

environment. The following are the main families of PRRs [Boutrot et al., 2017].
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3.6.3.1.1.1. Toll-like receptors (TLRs)

TLRs are type | membrane proteins that have a cytoplasmic tail with a
conserved area known as the toll/IL-1 receptor domain and an extracellular
domain with leucine-rich repeats (TIR) [Ruysschaert et al., 2015]. There are
currently 11 known members of the TLR family “(TLR1, TLR2, TLR3, TLR4,
TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11, TLR12, and TLR13). They
can recognize PAMPs, which can mediate the inflammatory response
[Yarovinsky et al., 2005; Brightbill et al., 2000]. A list of the sources of ligands,
PAMPs, and the site of TLR expression is shown in Table 3.2 [Takeuchi et al.,

2010].

Table 3.2: List the type of TLRs, ligands and its sources, and localization.

Type of

ILR Ligand Source of ligand Localization
Triacyl Bacteria and
TLR1 ) ) Plasma membrane
lipoprotein Mycoplasma
_ _ Bacteria (Gram+ve),
TLR2 Lipoprotein ) ) Plasma membrane
viruses, and parasites
TLR3 dsRNA Viruses Endolysosome
Bacteria (Gram-ve)
TLR4 LPS _ Plasma membrane
and viruses
TLR5 Flagellin Bacteria Plasma membrane
Diacyl ) )
TLR6 ) ) Bacteria and viruses  Plasma membrane
lipoprotein
TLR7 &8  ssRNA Bacteria, viruses Endolysosome

Viruses, bacteria,
TLR9 CpG-DNA Endolysosome
and protozoa
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TLR10 Unknown Unknown Endolysosome

TLR11 Profilin Protozoa Plasma membrane

Toll-like receptor 4 (TLR4) and its signaling pathway: TLR4 is a single-pass
type | glycoprotein, one of the best-characterized PRRs, because it was the first
member of the TLR family to be found. TLRs and IL-1Rs share a conserved
region of ~200 amino acids in their cytoplasmic domain, known as the
Toll/interleukin-1 (IL-1) receptor (TIR) domain. There are three conserved
regions (boxes) that are essential for signal transduction within the TIR domain.
Leucine-rich repeats (LRRs) are found in 19-25 tandem copies in the
extracellular domain of TLR4 [Yang et al., 1999: Akira et al., 2004; Korneev et
al., 2016] (Figure. 3.2). For ligand recognition, extracellular LRR domains are
essential. It recognizes lipopolysaccharide (LPS), a part of the cell wall of gram-
negative bacteria. In the study, we are particularly interested in TLR4 because
the TLR4 can recognize PAMPs (Ex: LPS) released by bacterial infections and

plays a major role in the pathogenesis of CSOM [Jung et al., 2021].

IL-1R TLR

leucine-rich
repeat

Box1 Box1
TIR domain with
Box2 Box2
conserved boxes(1,2,3)
Box3 Box3
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Figure 3.2. The schematic representation of the structure of TLRs (Source: Yang

et al.1999).

Signaling pathway: The studies using LPS as a ligand provided the most
comprehensive understanding of TLR4 activation and the signaling pathway.
LPS recognition is initiated by an LPS binding to an LBP protein. Several
proteins in the cytoplasm can mediate the activation and transduction of TLRA4.
This LPS-LBP complex transfers the LPS toCD14.CD14is a
glycosylphosphatidylinositol-anchored membrane protein that binds to the LPS-
LBP complex and facilitates the transfer of LPS to MD-2 protein, which is
associated with the extracellular domain of TLR4. LPS binding promotes the
dimerization of TLR4/MD-2. The conformational changes of the TLR4 induce
the recruitment of intracellular adaptor proteins containing the TIR domain,
which is necessary to activate the downstream signaling pathway [Lu et al., 2008]

(Figure 3.3).

TLR4 signaling is typically split into two major pathways: MyD88-
dependent and TRIF-dependent, also referred to as the MyD88-independent
pathway. There are four adaptor proteins involved in two major intracellular
signaling pathways, including myeloid differentiating primary response gene 88
(MyD88), TIR adaptor protein (TIRAP), TIR-domain-containing adapter-
inducing interferon-B (TRIF), and TRIF-related adaptor molecule (TRAM)
[O'Neill et al., 2013]. Both of these pathways frequently cause the production of
inflammatory cytokines by activating the traditional NFKB pathway. We have

concentrated on the MyD88-dependent pathway in this study.
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In the MyD88-dependent pathway, TLR4 dimerization causes the
association of MyD88 (Figure 3.3). MyD88 then attracts IL-1 receptor-
associated kinases (IRAK) 4 by interacting with the death domain (DD) and
enabling the attachment of IRAK1. After that, the IRAK4 phosphorylates and
activates IRAK1, which prompts TNF receptor-associated factor 6 (TRAF6) to
join the receptor complex. The transforming growth factor activated kinase
(TAK1), TAK1-binding protein, and phosphorylated IRAK1 and TRAF 6 then
separate from the receptor [Merolla et al., 2014]. Ubiquitin-conjugating enzyme
13 (UBC13) and ubiquitin-conjugating enzyme E2(UEV1A) variant 1 are two
ubiquitin ligases that the complex containing TRAF6, TAK1, TAB1, and TAB2
binds with after IRAK1 is degraded at the plasma membrane. TRAF6 is then
destroyed, and TAK1 is subsequently activated. TAK1, in turn, phosphorylates
both the inhibitor of nuclear factor-«B (IxkB)-kinase (IKK) complex consisting of
IKKa, IKKp, and IKKYy, then induces the phosphorylation of IxB. The activation
leads to its ubiquitination and subsequent degradation, thereby allowing NFkB
to translocate to the nucleus and induce the expression of inflammatory cytokines

[Akiraetal., 2004; Lu et al., 2008; Palsson-McDermott et al., 2004] (Figure 3.3).
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Figure 3.3: TLR4 signaling pathway; Abbreviations: LBP: LPS binding protein,
CD14: a cluster of differentiation 14, MD-2: Myeloid differentiation protein 2,
TLR: toll-like receptor, MyD88: myeloid differentiating primary response gene
88, IRAK: IL-1 receptor-associated kinase, TRAF: Tumor-necrosis-factor
receptor-associated factor 6, TAK: Transforming growth factor [ activated
kinase, TAB: TAK1-binding protein, UBC13: Ubiquitin-conjugating enzyme
13, UEV1A: Ubiquitin-conjugating enzyme E2 variant 1, NFKkB: Nuclear factor
kB, IKK: Inhibitor of NFKB (IxB)-kinase.

The present study examined the crucial transcription factor NFkB, which
binds to DNA and activates post-translational changes in cytokine genes [Smale
et al.,, 2011]. Since NFkB is a transcription factor that pro-inflammatory
cytokines and microbial products can activate rather than being cell type-specific,

NFkB is regarded as the principal regulator of inflammation [Ben-Neriah and
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Karin, 2011]. The functions of NFkB in inflammation are, in fact, exceedingly
complex. NFKB may have a direct anti-inflammatory effect by inducing the
expression of anti-inflammatory genes and its pro-inflammatory role in the
development of short-term inflammation. TNFa and IL-10 have been studied in

the present study (as representative pro- and anti-inflammatory cytokines).

TNFa: The master of inflammation and a vital component of the cytokine
network is TNFa, an inflammatory cytokine released by macrophages and
monocytes during acute inflammation. It is in charge of a wide spectrum of cell
signaling events that result in necrosis or death of cells/pathogens [Idriss et al.,
2000]. Two transmembrane receptors (TNFR1 and TNFR2), through which TNF
signals, control various vital cell processes, including cell division, proliferation,
survival, and death. Activation of TNFR1 seems to be primarily responsible for
pro-inflammatory. TNFa has the power to stimulate the production of additional
pro-inflammatory cytokines, including IL-1 and several chemokines
[Parameswaran and Patial., 2010]. Therefore, TNFa is a key player in
inflammation and is said to be crucial in the emergence of many chronic
inflammatory diseases [Fujiwara et al., 2005]. The development of TNFa
blocking antagonists has completely changed how CSOM and other

inflammatory illnesses are treated.

IL-10: A cytokine with strong anti-inflammatory qualities known as IL-10 is
essential for controlling the host immune system response to infections,
minimizing host injury, and preserving healthy tissue homeostasis [lyer et al.,

2012]. The IL-10 protein is a homodimer; each of its subunits is 178-amino-
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acid long [Zdanov et al., 1995]. The IL-10 receptor (IL-10R) is made up of at
least two subunits (IL-10R1 and IL-10R2), it will interact with I1L-10 to carry out
its activity. While IL-10R2 primarily serves as an auxiliary component for
signaling, IL-10R1 has a high-affinity ligand-binding role [Slobedman et al.,

2009].
3.6.3.1.1.2. C-lectin like receptors

Myeloid cells are the primary source of the expression for the family of
transmembrane pattern recognition receptors known as C-type lectin-like
receptors (CLRs). Several different types of receptors called CLRs bind to
carbohydrates in a calcium-dependent manner [Agier et al., 2018]. Additionally,
these receptors function in the identification and removal of fungal infections
[Goyal et al., 2018]. Based on their molecular structure, there are three groups of
CLRs. Type | transmembrane protein containing several CRDs or CRD-like
domains (DEC-205) and macrophage mannose receptor (MMR). Type Il
transmembrane CLRs typically carry a single CRD domain and include Dectin-
1, Dectin-2, macrophage-inducible C-type lectin (Mincle), dendritic cell-specific
ICAM3-grabbing non-integrin (DC-SIGN), and DC NK lectin group receptor-1
(DNGR-1). Mannose-binding lectin (MBL), an oligomeric protein that interacts
with a variety of carbohydrate patterns on pathogen surfaces, is one type of

soluble CLR [Gringhuis et al., 2007].
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3.6.3.1.2. Cytoplasmic PRRs

The PRRs localized within the cell in the cytoplasm or enclosed in
endosomes are called cytoplasmic PRRs [Hu et al., 2018]. Cytosolic PRRs are
crucial in the recognition and clearance of viral nucleic acid. Some major
Cytoplasmic PRRs are RIG-like receptors (RLRs), new DNA-binding factors,
and compounds with nucleotide-binding domains and leucine-rich repeats

(NLRs).
3.6.3.1.2.1. Nucleotide-binding and oligomerization domain-like receptors

The primary role of NLRs in inflammasome assembly is the recruitment of
inflammatory caspases [Kim et al., 2016]. The innate immune system cytosolic
multiprotein oligomers, known as inflammasomes, are in charge of triggering
inflammatory reactions. NLRs are divided into five families based on their N-
terminal domains: NLRA, NLRB, NLRC, NLRP, and NLRX [Carriere et al.,

2021].
3.6.3.1.2.2. RIG-like receptors

A class of cytosolic RNA helicase proteins known as the RIG-I-like
receptor (RLR) family of PRRs can recognize viral RNA as nonself by attaching
to PAMPs motifs found in RNA ligands that build up as a result of virus
infection. Through RLR stimulation of downstream effector molecules,
including type | interferon (IFN) and other pro-inflammatory cytokines, which
work to induce antiviral and inflammatory gene expression within the local

tissue, this connection subsequently triggers an innate antiviral response inside
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the infected cells [Ramos et al., 2011]. The three major types of RIGs are
cytoplasmic RNA helicases, Melanoma Differentiation Associated Gene 5
(MDADJ), Retinoic Acid Inducible Gene I (RIG-I), and Laboratory of Genetics

and Physiology 2 (LGP2) [Chen et al., 2017].
3.7. Role of TLR4 pathway in mediating inflammation in OM/CSOM

Recent studies highlight that TLR4 has an important role in the
pathogenesis of OM and CSOM. The expression of the TLR4 gene, downstream
signaling pathway genes, and inflammatory cytokines have been reported to be
altered in CSOM. In addition to expression, The SNPs in the TLR4 pathway
genes were also reported to be associated with CSOM. Hence, we have reviewed

and summarized the recent literature on the TLR4 pathway components below.
3.7.1. Expression levels of TLR4 gene in OM/CSOM

TLR4 expression is associated with the etiology of OM and is expressed in
AOM, CSOM with cholesteatoma, and CSOM without cholesteatoma [Trzpis et
al., 2014]. Studies have shown that up-regulated TLR4 gene and NFkB gene
expression are associated with OM. Hirai et al. (2013) evaluated the histological
expression of toll-like receptor 2, 4 in tissue samples from patients with CSOM
with cholesteatoma. They observed that the human middle ear tissue samples had
higher levels of TLR4 expression [Hirai H et al., 2013]. Si Y et al. (2012)
evaluated the expression of TLR2 and TLR4 in normal canal skin, mucosa,
granulation tissue, mucosa, granulation tissue, and cholesteatoma epithelium.

They observed that the TLR4 protein and mRNA levels were higher in the
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mucosa of CSOM and chole OM than in normal canal skin using gqRT-PCR [Si
Y etal. 2012]. Tuoheti et al., (2021) also showed increased TLR4 gene expression
in the CSOM group, compared to healthy individuals, shows that the TLR4
pathway may play a role in controlling chronic inflammation in controlling
chronic inflammation in CSOM and the change from AOM to CSOM. This work
established LPS-induced CSOM mouse models and gathered clinical CSOM
samples to confirm this. In addition, knock-down of the Nrf2 gene reversed the
chronic inflammation to attenuate CSOM by up-regulating TLR4. Therefore, the
evidence shows that TLR4 gene expression contributes to the development of
CSOM [Tuoheti et al., 2021]. Aksel et al., (2021) studied the effect of
Lipopolysaccharide (LPS) and Lipoteichoic acid (LTA) stimulation on the
expression of TLR pathway genes in PBMCs of Akkaraman lambs in vivo using
gRT-PCR, the results showed that the TLR4 mRNA expression levels in 24 h
LPS with the LTA group increased compared to the control. Therefore, the LPS
with LTA stimulated lamb PBMCs more effectively than the separate
administration of LPS and LTA at 24 h. These findings suggest that toll-like
receptors may play a principal role in human CSOM [Aksel et al., 2021]. The list
of the studies and their main findings on the TLR4 pathway in OM/CSOM has

been shown in Table 3.3.
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Table 3.3: List of studies on the expression of the TLR4 gene in OM/CSOM.

Objective Major findings Reference
Human studies
To evaluate the histological Elevated TLR4 and TLR2 Hirai H et
expression of TLR2 and 4 in expression in middle ear al., 2013
tissue samples from patients tissue samples with CSOM
with CSOM with with cholesteatoma compared
cholesteatoma to normal
To investigate the differential TLR2/TLR4 gene and protein  Si et al.,
expression of TLR2 and TLR4 expression in the mucosa of 2014
in the CSOM and CSOM and cholesteatoma
cholesteatoma were higher than normal
canal skin
Animal/Human studies
To evaluate the knock-down Elevated TLR4 gene and Tuoheti et
of Nrf2 reversed chronic cytokines in both CSOM and al., 2021
inflammation to attenuate LPS-induced mouse model
chronic  suppurative  otitis
media by up-regulating TLR4
using LPS-induced AOM,
CSOM mouse model, and
Middle ear tissue samples
Animal studies

LPS and LTA treated TLR TLR4 mRNA expression  Aksel et
pathway genes in PBMCs of levels in 24 h LPS with the al., 2021
Akkaraman lambs LTA  group increased

compared to the control
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3.7.2. Expression of inflammatory cytokines in OM/CSOM

The end response of the TLR4 pathway is to produce the cytokines which
can clear the infectious agents. The tumor necrosis factor (formerly known as
TNFa) and its role in OM have been well documented [Skotnicka et al., 2000].
One of the most potent inducers of inflammation in otitis media is TNFa, which
also triggers the release of other inflammatory cytokines. The secretion of
inflammatory cytokines frequently occurs in large quantities in middle ear
effusions [Catanzaro et al., 1991]. Moreover, OM occurs more frequently and
lasts longer when TNFa is expressed in more significant concentrations [wine et

al., 2012].

Previous studies were focused on the levels of TNFa in serum and middle
ear effusion fluids. Up to a six-fold increase in TNFa and IL-6 has been observed
in the serum of CSOM patients compared to the controls [Baike et al., 2017].
Similar differences in the levels of cytokines have been observed in AOM
[Chkhaidze et al., 2007]. Furthermore, the levels of TNFa cytokine in OM
patients with allergy were higher than in OM patients having no allergy [Jang et
al., 2002]. Also, the levels of TNFa in middle ear effusion fluid are higher in
culture-positive than negative [Kaur et al., 2015]. Together, these reports indicate
that TNFa levels are higher in CSOM. However, the basis for its increase was
not fully evaluated in different populations. These results indicate that an
increased level may arise due to the intrinsic hyper responsiveness of immune

cells in CSOM patients to TNFa activators.
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Genetic factors such as up-regulated gene expression appear to underlie the
intrinsic hyper-responsiveness of TNFa activators in CSOM patients. Expression
of the TNFA that codes for the TNFa protein is five-fold higher, and IL-1p, IFN-
v, and IL-6 in the middle ear of CSOM than in controls [Si Y et al., 2014].
Similarly, a higher expression of the TNFA gene was seen in the middle ear of
AOM patients [MacArthur et al., 2011]. Studies on TNFa expression in CSOM
patients with cholesteatoma. A cross-sectional comparative of 16 CSOM patients
with cholesteatoma and 16 samples of normal ear skin carried out TNFa gene
expression by gRT-PCR, and the results showed that the expression of TNFa in
CSOM patients with cholesteatoma was higher than in normal ear skin.
Therefore, they concluded that the expression of TNFoa and IL-6 in CSOM
patients with cholesteatoma was significantly different from patients with normal
ear skin [Edward et al., 2019]. The expression levels of TNFa, IL-1a, IL-6, and
IL-10 were determined by western blot analysis of tissue samples obtained during
ear surgery. The expression levels of TNF-a, IL-1a, and IL-6 in cholesteatoma
tissues were substantially higher than those determined in the granulation tissue.
The study conclusion revealed an increased expression of TNFa, IL-1a, and IL-
6 in chronic otitis media [Kuczkowski et al., 2011]. These findings indicate that
the levels of TNFo were elevated in CSOM. Table 3.4 shows the expression of

various cytokines after activation of the TLR4 pathway in OM/CSOM.
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Table 3.4: List of the studies on the expression of various cytokines in

OM/CSOM.

Objectives

Major findings

Reference

To determine TNFo and IL-
6, serum cytokine level in
the patient CSOM

To determine TNFo and IL-
6 the serum cytokine level
in the patient AOM

To investigate TNFa, 1L-4,
and IL-6 cytokine levels in
the MEEs of children with
persistent OM

To determine the levels of
TNFa, IL-6, IL-8, IL-10,
and IL1-B in middle ear
effusion fluid are higher in
culture-positive than
negative in OM

To determine the levels of
TNFa, IL-1B, TIFN-y, and
IL-6 in human middle-ear
mucosae sampled non-OM

group and CSOM group

Up to a six-fold increase in
TNFa and IL-6 cytokine has
been observed in the serum of
CSOM patients compared to the
controls

In AOM patients, as compared
with healthy individuals, the
concentrations of both TNFa and
IL-6 increased

The levels of IL-4, IL-6, and
TNFa in MEE were higher in the
positive allergy group than in the
negative allergy group in OM.
Higher levels of TNFa, IL-6, IL-
8, and IL1-B in culture-positive
than negative in OM middle ear

effusion fluid

TNFa IL-1B, IFN-y, and IL-6
cytokines are higher in the
middle ear of CSOM than in

controls

Baike et al.,
2017

Chkhaidze
et al., 2007

Jang et al.,
2002

Kaur et al.,
2015

Si Y et al,
2014
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To determine the expression The expression of TNFo in Edward et
of TNFa and IL-6 in CSOM CSOM patients with al., 2019
patients with cholesteatoma cholesteatoma was higher than

in tissue samples in normal ear skin

To determine expression The expression levels of TNFa, Kuczkowski
levels of TNFa, IL-1a and IL-1a, and IL-6 and less IL-10 etal., 2011
IL-6 cytokines in tissue in cholesteatoma tissues are
samples in CSOM patients higher than in the granulation

compared to normal tissue  tissue

3.7.3. Single nucleotide polymorphisms of TLR4 gene in OM/CSOM

In addition to the variation in the expression of TLR4 genes, recent studies
have also investigated the TLR4 gene polymorphisms and its association with
several human diseases, including CSOM. In a population, the TLR4 gene
polymorphism exists, and frequencies are >5%. That includes two missense
mutations in the TLR4 ectodomain, Asp299Gly (rs4986790) and Thr399lle
(rs4986791). Emonts et al., (2007) studies on TLR4 and its polymorphism in
AOM TLR4 SNPs 896 A/G Asp299Gly (rs4986790), they found that the SNPs
are associated with AOM (p<0.05) in the Dutch population [Emonts et al., 2007].
Jotic et al., (2015) found that the polymorphisms in TLR4 gene SNPs cSNPs 896
A/G, 196 C/T pSNPs Asp299Gly (rs4986790) Thr399lle (rs4986791) were
association with CSOM [Jotic et al., 2015]. Harfens et al., (2015) studied
predisposition to childhood OM and genetic polymorphisms in TLR4 gene SNPs
(NG_011475:1.9.12375A>T, rs5030717, rs1329060, rs1329057) and found that

the SNPs were positive association with the OM with a significant difference
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(p=0.003, p=0.002, and p=0.003) in finish cohort [Harfens et al., 2015]. Alpay et
al., (2010) studied the SNPs (896 A/G and Asp299Gly (rs4986790)) in the TLR4
gene of tympanosclerosis patients and found that the SNPs were positively
associated with OM (p<0.05) in turkey [Alpay et al., 2010]. MacArthur et al.,
(2014) studied genetic susceptibility to CSOM: candidate gene SNPs in TLR4
gene 5 (SNPs rs11788138,rs4837494, rs10116253, rs1927914, rs1554973) in the
Caucasian population. They found that the SNPs were positively associated with
CSOM with significant differences (p=0.008, p=0.031, p=0.007, p=0.023,
p=0.021) [MacArthur et al., 2014]. Table. 3.5 summarises the list of studies on

SNPs in the TLR4 gene in OM/CSOM.

Table 3.5: List of studies on the SNPs in the TLR4 gene in OM/CSOM.

Population  cSNPs PSNPs rs number value Reference
Dutch 896 A/G  Asp299Gly rs4986790 0.05  Emounts et
al., 2007
Serbian 896 A/G  Asp299Gly rs4986790 NS Jotic et al.,
196 C/T  Thr399lle  rs4986791 2015
Finnish NG_0114  Intergenic  rs5030717 0.003  Harfens et
75:1.9.12 rs1329060 0.002 al., 2015
375A>T rs1329057 0.003
Turkey 896 A/G  Asp299Gly rs4986790 0.05  Alpayetal.,
2010
Caucasian Tag Intergenic  rs1178818 0.008 MacArthy et
SNPs Intergenic  rs4837494 0.031 al., 2014
Intergenic  rs1011623 0.007
Intergenic  rs1927914 0.023
Intergenic  rs1554973 0.021
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3.8. Role of TLR4 gene expression in other chronic inflammatory diseases

The importance of TLR4 in mediating inflammation has been reported in
several other diseases. The upregulation of TLR4 gene expression was observed
in several diseases, such as breast cancer cells, coronary arteriosclerosis, and
Alzheimer's diseases [Yang et al., 2010; Geng et al., 2006; Miron et al., 2018;
Eiller et al., 2011]. Studies have evaluated the expression of the TLR4 and TLR2
genes in breast cancer cell lines using qRT-PCR and observed that the TLR4 gene
expression was the highest expressed TLR in the MDA-MB-231 breast cancer
cell line compared to other TLRs. Therefore, the knock-down of the TLR4 gene
could actively inhibit the proliferation and survival of breast cancer cells [Yang
et al., 2010]. Studies on the expression of TLR4 protein and mRNA levels in
PBMCs of patients with coronary arteriosclerosis disease (CAD) were analyzed
using flow cytometry (FCM) and qPCR and observed that TLR4 gene and protein
expressions in the CAD group were significantly higher compared to control.
Therefore, the expression levels of the TLR4 gene in PBMCs are increased in
atherosclerotic patients [Geng et al., 2006]. TLR4 gene expression and pro-
inflammatory cytokines in rodents with Alzheimer's were analyzed using gRT-
PCR. Alzheimer's disease of human postmortem brains also showed increased
expression of TLR4 and TNFa genes. Similarly, a mouse model of hippocampal
deafferentation without amyloidosis (i.e., the entorhinal cortex lesioned mouse)
also showed a significant increase in the TLR4 gene expression compared to
sham-lesioned mice [Miron et al., 2018]. TLR4 gene expression in mice with

cardiovascular diseases showed an increased TLR4 gene expression [Eiler et al.,
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2011]. Therefore, the literature indicates that the expression of the TLR4 gene
plays a major role in other chronic inflammatory diseases. Table 3.6 shows the

studies on TLR4 gene expression in chronic inflammatory diseases condition.

Table 3.6: List of studies on TLR4 gene expression in inflammatory conditions.

Objectives Major findings Reference
Cell lines studies
To evaluate the TLR4 TLR4 gene expression is  Yangetal.,
gene expression and highest in the MDA-MB-231 2010
protein in breast cancer breast cancer cell line
cell lines compared to other TLRs
Human studies
To evaluate the TLR4 TLR4 gene inthe CAD group  Gengetal.,
gene  expression  on was significantly higher than 2006
PBMCs in atherosclerotic that in the controls
Animal/Human studies
To evaluate the TLR4 and  Alzheimer's disease of human  Miron et al.,
TNFo gene expression in  Postmortem  brains  has 2018
Alzheimer's Disease of observed increased
Rodents expression of TLR4 and TNFa
genes
To evaluate the TLR4 Elevated TLR4 gene  EiBleretal.,
gene expression was expression in hypertensive 2011
determined in untreated rats (SHR)

SHR rats compared to
normotensive  Wistar-

Kyoto rats
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3.8. Lacunae in knowledge

The literature review shows that the TLR4 pathway is involved in several
other inflammatory conditions and CSOM. However, the molecular mechanisms
leading to aberrations in inflammatory pathways, particularly the TLR4 pathway
in CSOM, are unknown. Middle ear infection results in the activation of
inflammation to clear the infectious agents. These results in a condition called
Acute OM. However, in some patients, the inflammation does not resolve after
the clearance of infectious agents and becomes chronic. Chronic inflammation
then results in damage to the middle ear tissue. Currently, the factors responsible
for the progression of Acute OM in CSOM are unclear. However, the hyper-
responsiveness of the TLR4 pathway has not been explored in CSOM, and the
paucity of information on the functional status of the TLR4 pathway in CSOM
has yet to be evaluated; therefore, the present study aims and objectives were

generated.
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Materials and Methods

4. Materials and Methods

4.1. Materials

The materials and methods followed in the present study were as follows.
4.1.1. Chemicals and Reagents

Agarose: Sigma (Cat. # A9539)

Antibiotic and antimycotic solution: HiMedia (Cat. # A002)

Big Dye Terminator v3.1 Cycle Sequencing Kit: Thermo Scientific (Cat. #
4337455)

Chloroform: Merck (Cat. # 102447)

Diethyl pyro carbonate (DEPC) Treated Water: Thermo Fisher Scientific
(Cat. # AM9915G)

Di-sodium hydrogen phosphate (Na2HPO,): (Cat. # CAS 7558-79-4)

DNA ladder (100 bp): Genei (Cat. # 6126526710017300

DNA gel loading dye (6X): Thermo Fisher Scientific (Cat. # R0611)

dNTPs: Genei (Cat. # 61060250005130)

Ethanol: Merck (Cat. # 100983)

Ethidium bromide: Sigma Aldrich (Cat. # E7637-25G)

Ethylenediamine tetra acetic acid (EDTA): Thermo Fisher Scientific (Cat. #
17892)

Fetal bovine serum albumin (FBS): Gibco (Cat. # 10270-016)

Ficoll histopaque-1077: Sigma Aldrich (Cat. # 10771)

Gene JET PCR Purification kit: Thermo Scientific (Cat. # K0701)
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Hydrochloric acid (HCI): SDFCL (Cat. # 20125L.25)

IL-10 ELISA Kit: Krishgen Biosystem (Cat. # KB1072)

IScript cDNA kit: Bio-Rad (Cat. # 1708891)

Lipopolysaccharide (LPS): Sigma (Cat. # 2654)

Methanol: Merck (Cat. # 106009)

Potassium hydrogen orthophosphate (K2HPOa4): Fisher Scientific (Cat. # CAS
7758-11-4)

Primers for PCR: Sigma-Aldrich

Proteinase K: Genei (Cat. # 612150121001710)

RPMI-1640 medium (Powder form): Gibco (Cat. # 3100022)

So advanced universal master mix: Bio-Rad (Cat. # 1725271)

Sodium bicarbonate (NaHCOs): Thermo Fisher Scientific (Cat. # 25080094)
Sodium chloride (NaCl): HiMedia (Cat. # CAS: 7647-14-5)

Sodium dodecyl sulfate (SDS): Sigma-Aldrich (Cat. # VV800386)

Sodium hydroxide (NaOH): Fisher Scientific (Cat. # 15895)

Tag DNA polymerase: Genei (Cat. # 610602500051730)

TNFa ELISA Kit: Krishgen Biosystem (Cat. # KB1145)

Tris (hydroxymethyl) aminomethane (CsH1:NOs3): Sigma-Aldrich (Cat. #
CAS 77-86-1)

Trizol reagent: Invitrogen (Cat. # 15596026)
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4.1.2. Instruments

Centrifuge (Refrigerated): REMI (Model-CM-12)

COg; incubator: Thermo Fisher Scientific (Model-371)

Cooling centrifuge: Thermo Fisher Scientific (Model-Sarvall legend XTR)
DNA Sequencer: Applied Biosystem (Cat. # ABI 3130 Genetic analyzer)
Electronic balances: Sartorius (Model-GE 612-1)

Elisa reader: Merilyzer (Cat. # EIAQuant)

Freezer (-80 "C): Cryo Scientific (Model- URC-V-700-4)

Gel documentation system: Bio-Rad (Model-Gel Doc XR+ 170-8170)
Gel electrophoresis unit: Genei (Model-ETS-06)

Laminar air flow: Esco (Cat. # LAF 35)

Magnetic stirrer: REMI 15 ml (Model-5 ml HDX)

Microcentrifuge: Tarsons (Model-1000)

Microwave oven: LG Solo (Model-MW2049UM)

Millipore system: Millipore Milli-Q Advantage (Model: A10)

pH meter: Sartorius (Model-PB-11-P10)

Plate centrifuge: BR Biochem (Model-BIDH-100)

gPCR: Bio-Rad (Model-781BR16930)

Rotator (Circular cell mixer): Neo Lab (Model-CM-101)
Spectrophotometer: Perkin ElImer (Model-Lambda 35)

Spin win microcentrifuge: Tarsons (Model-10015140)

Thermal cycler (PCR): Bio-Rad (Model-C1000)

Vertical autoclave: Labline (Cat. # AV-104)
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Vertical freezer (-20 “C): Bio-Equip (Model-BPS-345S)
Vertical laminar air flow chamber (VLAF): ESCO Biotech (ACB-4A1)
Vortex mixer: REMI (CM-101)

Water bath: Julabo (Model-TW-8)
4.1.3. Glassware

Beakers: Borosil (Cat. # 1002)

Duran bottles: Borosil (Cat. # 3321)

Glass cuvettes: Mettler Toledo (Model- 30675053)
Glass funnel: Glasil (30 mm)

Glass rod: MG Overseas (10 mm)

Measuring cylinders: Borosil (Cat. # 579)
Reagent bottles: Borosil (Cat. # 3321)

Standard flask: Borosil (Cat. # 5640029)
4.1.4. Plastic ware

6-well plate: Mat Tek’s (Cat. # PO6G-0-10-F)
Combs (1.0 mm): Tarsons (Cat. # 7087)

Cryo box (1.8 ml): Tarsons (Cat. # 524010)
Falcon tubes (15 ml): Abdos (Cat. # P10402)
Falcon tubes (50 ml): Tarsons (Cat. # 546041)
Heparin vacutainer: BD (Cat. # 367871)
K2EDTA vacutainer: BD (Cat. # 367856)

Micro centrifuge tube (1.5 ml): Tarsons (Cat. # 500010)
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Microtips (0.2-10 pl): Abdos (Cat. # P10115)
Microtips (100-1000 ul): Abdos (Cat. # P10106)
Microtips (2-20 ul): Abdos (Cat. # P10130)

Parafilm: Sigma-Aldrich (Cat. # P7543)

Pasteur pipette: Tarsons (Cat. # 940060)

PCR cooler (96 well): Eppendorf (Cat. # Z606634)
PCR plate sealer: Bio-Rad (Cat. # MSB1001)
PCR plates (96 well): Bio-Rad (Cat. # HSP960196)
PCR tubes (0.2 ml): Tarsons (Cat. # 510051)
Syringe filters: HiMedia (Cat. # SF14)

Tube rack (2.0 ml, 15 ml, and 50 ml): Tuffblok (Cat. # 1164M14)
4.1.5. Preparation of reagents

20% sodium dodecyl sulfate (SDS): 20 g of SDS was dissolved in 80 ml of
distilled water and made up to 100 ml.

5 M sodium chloride (NaCl): 29.2 g of NaCl was dissolved in 80 ml of distilled
water and makeup into 100 ml. The solution was autoclaved and stored at room
temperature.

70% Ethanol: 70 ml of ethanol and 30 ml of distilled water were added to the
duran bottle and makeup to 100 ml.

70% lIsopropyl alcohol (IPA): 70 ml of isopropyl alcohol was mixed with 30

ml of double distilled water.
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Biotin conjugated detection antibody (5 ml): Added 5 pl of detection antibody

t0 4995 ul of (1X) assay diluent to make the final volume 5 ml.

Concentrated streptavidin: HRP conjugate (5 ml): Added 66.67 pl of
concentrated streptavidin: HRP to 4995 pul of Streptavidin: HRP diluent to make
final volume 5 ml.

Dilution 1: Diluted the recombinant protein by adding 5 ul of reconstituted
standard solution in 495 pl of (1X) assay diluent to prepare 0.5 ml of 10 ng/ml.
Dilution 2: Added 50 ul (10 ng/ml) of dilution 1 to 950 ul of (1X) assay diluent
to prepare a top standard of 500 pg/ml.

Erythrocyte lysis buffer (ELB): 8.29 g of 155 mM ammonium chloride, 1.002
g of 10 mM potassium bicarbonate, and 200 pl of 0.1 mM EDTA was dissolved
in distilled water and adjusted pH=7.4.

Human TNFa and IL-10 standards (10 ng/ml): Reconstituted the lyophilized
vail in 20 ul of distilled water to get a 1 pg/ml concentration.
Lipopolysaccharide (LPS) (10 ng/ml): 1 mg/ml of lyophilized powder LPS was
dissolved in 1 ml of PBS. 5 pl of 1 mg /ml of LPS were dissolved in 45 pul of
PBS.

NaOH (1 N): 4 g of NaOH was dissolved in 100 ml distilled water.

Phosphate buffer saline (pH=7.4): weighed 20.214 g of Na2HPO4+7H-0 and
3.394 g of NaH2PO4*H>0 added to 800 ml of distilled water. Adjusted the
pH=7.4 with 1 N HCl and 1 N NaOH and makeup to final volume 1 L.
Preparation RPMI working media: 80 ml of RPMI media stock + 20 ml of

fetal bovine serum (FBS) (20%).
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Primers working solution (10 pM): 10 ul of primer stock solution (100 uM)
was added to an RNase- and DNase-free tube, and 90 ul of PCR-grade water mix
by vertexing and at -20 °C, aliquoted and stored working primer solutions.
Proteinase K (10 mg/ml): 10 mg of proteinase K was dissolved in 1 ml of
distilled water.

RPMI-1640 stock: Weighed 2 g of sodium bicarbonate, and 10.4 g of RPMI
powder was dissolved in 500 ml of autoclaved distilled water. The pH was
adjusted to 7.2 with 1 N HCIl and 1 N NaOH and makeup to final volume 1 L.
Tris-acetate EDTA (TAE) buffer (1X) [Stock]: 242 g of Tris base, 100 ml of
0.5 M EDTA, and 57.1 ml glacial acetic acid were dissolved in distilled water
and makeup to a final volume of 1000 ml.

Tris-acetate EDTA (TAE) buffer (1X) [Working]: 20 ml of TAE (50X) was
dissolved in 990 ml of distilled water and make up to a final volume of 1000 ml.
Tris-EDTA buffer (1X) (pH=8.0): 1 ml of 1 M Tris-HCI (pH=8.0) and 0.2 ml
0.5 M EDTA (pH=8.0) and add to the duran bottle and makeup to 100 ml by
adding 98.8 ml of distilled water.

Wash buffer (1X): 5 ml of wash buffer (20X) was reconstituted by adding 95

ml of distilled water.
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4.2. Methods
4.2.1. Study design

The present study was carried out by following a case-control study design.
A total of 126 subjects, including 63 CSOM patients, were recruited in the
present study based on diagnostic criteria. The age of the study participants
ranges between 18-60 years. The remaining 63 were age and gender-matched
healthy controls without any history of chronic infections in the age group of 18-
60 vyears. All the study participants were examined by otomicroscopic
examination by a senior otorhinolaryngologist. Clinical details such as patient
history, family history, and demographic parameters (age, gender, disease
duration, and unilateral/bilateral) were collected using a structured proforma.
The confirmed patients were given standard care of treatment irrespective of their
participation in the study. The schematic representation of the overall study

design followed in the present study was shown in Figure 4.1.
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Study participants

v v
CSOM patients Healthy controls
(n=63) (n=63)
Blood [€
v ' v
Isolation of PBMC Isolation of DNA
v v
(a) TLR4 and NFkB TLR4 gene
(qPCR) promoter
(b) TNFa and IL-10 sequencing
(ELISA) (Sanger’s Method)
v v
Statistical analysis
p <0.05 — Difference between the groups is
statistically significant

Figure 4.1: Schematic representation of the overall study design followed in the

present study.

4.2.2. Ethical clearance

The study was conducted after obtaining approval from the Central Ethical
Committee (Ref. No SDUAHER/KLR/CEC/01/2017-18), Sri Devaraj Urs
Medical College, Sri Devaraj Urs Academy of Higher Education and Research,
Kolar. CSOM patients and healthy controls were recruited between 2018-2020.
Patient and healthy control informed consent was obtained in written form before

enrolling into the study.
4.2.3. Selection of the study population

The study population is CSOM patients who are attending the Department
of Otorhinolaryngology, which is affiliated with R. L. Jalappa Hospital and

Research Centre, Kolar, Karnataka, India. CSOM patients and healthy controls
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were enrolled upon satisfaction with the following criteria (Table.4.1-4.2)

[Harmes et al., 2013].

Table 4.1: Inclusion and exclusion criteria for selection of CSOM patients

Inclusion Exclusion
(i) Patients diagnosed with CSOM (i) Post-traumatic CSOM

(if) Unilateral and bilateral CSOM  (ii) Otomycosis
(iii) Both genders are in the age (iii) Down’s syndrome
group of 18-60 years (iv) Cleft lip/palate

(v) Acute otitis media

Table 4.2: Inclusion and exclusion criteria for selection of healthy control

Inclusion Exclusion
(1) Willing to participate study (i) Individual with a known
(i1) Both genders are in the age group of family of genetic disease

18-60 years.

(i) Without a history of any chronic
infections

4.2.4. Diagnosis of CSOM

I. Hard of hearing
ii. Chronic ear infection
Iii. Tympanic membrane perforation

Iv. Pure tone audiometry (PTA)

4.2.5. Sample size calculation

The sample size was calculated based on the difference in TNFa levels
between the case and control groups. Previously reported average plasma TNFa,

levels in OM (11.9 pg/ml) and healthy controls (5.6 pg/ml) were used for the
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calculation of the required sample size [Cetinkaya et al., 2019]. The minimum
samples required to observe a difference was 6.3 pg/ml with a power of 80%,
and 1% o error was determined to be 63/group. The sample size was calculated

using the web-based tool OpenEpi version 3.01.
4.2.6. Sample collection and processing

Three ml of venous blood samples were collected from the CSOM patients,
and the age, gender matched healthy controls after obtaining written informed
consent. One ml of blood was transferred to EDTA vacutainer and Two ml of
blood was transferred to heparin vacutainers. Blood samples collected in a
heparinized vacutainer was used for the isolation of PBMC using Ficoll-
histopaque. The isolated PBMCs were used for cell culture experiments and the
isolation of RNA. The blood samples collected in EDTA vacutainer was used to
isolate genomic DNA. The isolated DNA and RNA samples were stored at -80
°C until further use. A schematic representation of the entire experimental design

followed in the present study was shown in Figure 4.2.
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Figure 4.2: Schematic representation of the experimental protocol used in the

present study.

4.2.7. Isolation of PBMCs

PBMCs were isolated from whole blood (2 ml) using Ficoll-Histopaque [Jia
et al., 2018]. Briefly, 2 ml of heparinized blood sample was layered on an equal
volume of Ficoll-histopaque and centrifuged at 2000 rpm for 30 min. After
centrifugation, the PBMC layer was collected carefully and transferred to 15
falcon tubes containing sterile PBS. The PBMCs were counted using a

Hemocytometer and used for in vitro culture and LPS treatment.
4.2.8. PBMC culture with and without LPS

PBMCs were isolated from 2 ml of blood samples from all the study
participants. In vitro PBMC culture was set up in a 6-well plate by adding the

following components: PBMCs (1x10° cells), 3 ml of working RPMI 1640
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medium, fetal bovine serum (20%), antibiotics solution (1%), and
lipopolysaccharide (10 ng/ml). The culture plates were incubated at 37 °C and
5% CO; for 4 h. After incubation, the cultures were centrifuged, and the
supernatant was collected (conditioned medium), the cell pellet was used for

RNA isolation and stored at -80 °C until further use [Broekman et al., 2015].
4.2.9. Isolation of total RNA using Trizol method

After 4 h of incubation, PBMC cultures were collected in eppendroff tubes,
centrifuged for 10 min at 2000 rpm, and collected the supernatant. The pellet was
washed with 1X PBS and used for RNA isolation using Trizol reagent
[Chomczynski et al., 1993]. One ml of Trizol reagent was added to the pellet,
mixed vigorously, and incubated for 5 min at room temperature. To the tubes,
200 pl of chloroform was added, mixed vigorously, and incubated at room
temperature for 3 min. The tubes were centrifuged at 12000 rpm for 15 min at 4
°C. The supernatant was transferred to new eppendroff, added 500 pl of
isopropanol and incubated at 4 °C for 10 min. The tubs were centrifuged at 12000
rpm for 10 min at 4 °C, discarded the supernatant, the pellet was washed with
70% ethanol by centrifugation at 12000 rpm at 4 °C for 10 min (repeated the
wash step 3 times). The pellet was air dried for 10 min, dissolved in 50 pl RNase-
free water, and the concentration and purity of the RNA were measured using a

spectrophotometer. All RNA samples were stored at -20 °C until further use.
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4.2.10. Conversion of total RNA into cDNA

Total RNA samples were converted to cDNA using a cDNA conversion kit
(Bio-Rad) and the manufacturer's instructions. The composition of the reaction

mixture for each 20 ul was as follows:

Contents Volume/reaction (ul)
5X script reaction mix 4
Reverse transcriptase enzyme 1
Nuclease-free water 1

To 6 pl of the reaction mixture, 14 pl of total RNA was added, mixed

thoroughly, and performed RT-PCR using the following conditions:

Steps Temperature (°C) Time (min)
Priming 25 5
Reverse transcription 46 20
RT inactivation 95 1

Hold at 4° C

4.2.11. TLR4 and NFkB gene expression quantification using gPCR

The referential cDNA sequence of the TLR4 and NFkB gene was retrieved
from GenBank (Accession NO. NM 138554.5 and NM_001077494.3)
Sequence-specific primer pairs were designed to amplify the exon boundary
regions of the TLR4 and NFkB genes using Primer Quest tool and IDT DNA

software.

The designed primers were used in a real-time polymerase chain reaction

(PCR). The composition of the reaction mixture for each 10 ul were as follows:
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Contents Volume/reaction (pl)
SYBR Green Supermix 5.0
Forward primer 0.5
Reverse primer 0.5
RNase-free water 3.0

For 9 ul of the reaction mixture, 1 pl of cDNA was added, and performed
the real-time quantification using CFX96 touch system. The gPCR reaction

conditions were as follows:

Step  No. of cycles Cycles Temperatures (°C) Duration
1 1 Initial denaturation 95 5 min
2 40 cycles Denaturation 95 30 sec
3 (steps 2-4)  Annealing 57 30 sec
4 Extension

*=Plate read at Steps 3 and 4. Green fluorescence is detected at 57 °C.

Cycle threshold (Ct) values were obtained from the PCR amplification
graphs. The gene expression data were normalized using GAPDH. The relative
expression of the TLR4 and NFkB genes was measured from the normalized Ct
values using the AACt method [Raavi et al., 2019; Livak et al., 2001]. Fold
change was calculated from the AACt values. The last cycle provided the post-
PCR run melt curve to assess the specificity of amplification. All the reactions
were run as duplicates. All the samples were analysed at a single time to ensure
reproducibility and minimize variability. The cycle threshold (Ct) of the TLR4
gene was 23.00, the NFkB gene was 22.00, and GAPDH gene was 17.84, and the
efficiency of the primers was 105% and 101%, and 105%, respectively (Figure
4.3). The representative images of the amplification graphs, melt peaks, and melt curves

obtained from samples were shown in Figures 4.4-4.6, respectively. The schematic
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representation of the experimental protocol for quantification of TLR4 and NFkB gene

expression using qPCR was shown in Figure 4.7.
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Figure 4.3: Primer efficiency of gPCR condition for quantification: (A) GAPDH

gene transcript; (B) TLR4 gene transcript, and (C) NFkB gene transcript.
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Figure 4.4: Representative graphs of the amplification of the genes in qPCR.
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Figure 4.5: Melt peak of the genes in gPCR.

Melt Curve

5 8

RFU
g 8

g

Temperature, Celsius

Figure 4.6: Melt curve of the genes in gPCR.
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Figure 4.7: Schematic representation of the experimental protocol for

quantification of TLR4 and NFkB gene expression by gPCR.

4.2.12. Estimation of cytokines

TNFa and IL-10 cytokines were quantified in the conditioned medium
using commercially available ELISA kits (Krishgen Biosystems, India) (Figure
4.8). Briefly, 100 ul of the standard culture supernatants from samples and control
were added in different wells of 96 well ELISA plate. To all wells 100 pl of
sample diluent (anti-human TNFa and anti-human 1L-10, respectively) was
added. The plates were incubated for 120 min at room temperature. The liquid
portion was removed from all the wells and washed the wells 3 times using 1X
wash buffer, added 100 pl of prepared 1X detection antibody to each well. The
plates were incubated for 60 min at room temperature, washed 3 times using 1X

wash buffer. Added 100 pl of concentrated streptavidin: HRP conjugate into each
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well, covered the plate with sealer, and incubated for 60 min at 37 °C. Washed
the plate 4 times using 1X wash buffer and added 100 ul of TMB substrate
solution to each well. Plates were covered with sealer and incubated in dark for
30 min at 37 °C. After blue shading, 100 ul of stop solution was added to each
well and observed the yellow color. Within 30 min after adding stop solution, the

absorbance was read using a microplate reader at 450 nm (Figure 4.9).

The levels of TNFa and IL-10 in cell culture supernatants were measured
using the standard graphs and expressed as pg/ml as described in the manufacturer
instructions. The schematic representation of the experimental design for the

estimation of both cytokines was shown in Figure 4.10.
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Figure 4.8: Flowchart of ELISA protocol for both TNFa and IL-10 cytokines.
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Figure 4.9: Representative image of ELISA plate used to measure the TNFa and IL-10

cytokines in the cell culture supernatant.
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Figure 4.10: Schematic representation of the experimental protocol for

estimation of cytokine in the cell culture supernatant.

4.2.13. Isolation of DNA from blood samples

The standard salting-out method for the isolation of DNA from blood
samples were followed [Miller et al., 1988]. Blood samples (1 ml) were collected
from study participants in a sterile EDTA vacutainer and stored at 4 °C until

further processing. To 1 ml of a blood sample, added 4 times of ELB and
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vortexed vigorously. The samples were kept on ice for 30 min to facilitate the
hemolysis. The samples were centrifuged at 3000 rpm for 10 min, and the
supernatant was discarded. The pellet was re-suspended in 2.5 ml of ELB,
vortexed, and brought up to 10 ml using ELB. The samples were centrifuged at
3000 rpm for 10 min. The ELB treatment was repeated two more times. The
white pellet was suspended in 1.8 ml of ELB and vortexed again. ELB was added
to make up the volume of up to 5 ml, 270 pl of 20% SDS and 30 ul of proteinase
K (10 mg/ml) were added and mixed. The samples were incubated at 37 °C water

bath for overnight.

The next day, 500 ul of 5 M NaCl and an equal volume of isopropyl alcohol
were added to the tubes. The tubes were swirled to force the resultant silky and
mucoid threads of DNA into a globular mass. The precipitated DNA was
transferred to 0.5 ml of freshly prepared 80% ethanol and incubated at room
temperature for 15 min. The tubes were centrifuged at 12000 rpm for 5 min, and
the supernatant was discarded. This step was repeated for three times to get a
purified form of DNA. The DNA was then air-dried, dissolved in 500 pl of Tris-
EDTA buffer, incubated at 65 °C for 30 min, and kept on the rotator until
dissolved in TE buffer. The dissolved fraction was refrigerated at 4 °C for one

day and stored at -20 °C until further use.
4.2.14. Quantification of DNA and analysis of purity

The concentration and purity of the isolated DNA was determined by using

a spectrophotometer (260 and 280 nm) (Perkin Elmer model Lambda 35,
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Waltham, MA, USA). The amount of DNA was estimated using the formula:
dsDNA concentration = 50 pg/ml x OD260 x dilution factor. The ratio of
absorbance at 260 and 280 nm in the range of 1.7-2.0 was used for the

experiments.

4.2.15. Amplification of TLR4 gene promotor and sequencing

The referential genomic DNA sequence of the promoter region of the TLR4
gene was retrieved from GenBank (Accession NO. NG_011475.1). Sequence-
specific primer pairs were designed to amplify the promoter boundary regions of
the TLR4 gene with the help of the Primer Quest tool and IDT DNA software.
PCR was performed using gene-specific primers, and the reactions composition

(25 ul) was as follows:

Contents VVolume/reaction (pl)
DNA 4.0
Reverse primer 0.5
Forward primer 0.5
dNTPs 2.5
1.5 mM MgCl, 2.5
10X PCR buffer 1.5
Taq DNA polymerase 0.3
RNase-free water 13.2

The PCR conditions used for the amplification of the TLR4 gene promotor

was as follows:
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Step Temperature (°C) Time (min)
Initial denaturation 95 5
Cycle denaturation 95 0.5
Annealing 63 0.5
Cycle extension 72 0.5
Go to (steps 2-4) 36 cycles
Final extension 72 5

The PCR products were purified with a GeneJET PCR Purification Kit
[Bose etal., 2017]. DNA sequencing was performed for the promoter of the TLR4
gene with BigDye Terminator v3.1 Cycle Sequencing Kit using ABI-3130
Genetic Analyzer as per the manufacturer's instructions. Briefly, the sequencing
reaction mix and the template were subjected to amplification, followed by the
cleanup method. This step was followed by adding 125 mM EDTA, 3 M sodium
acetate (pH=4.6), and ethanol mix. After incubation at room temperature, spin
down for 5 min and added 250 pl of 75% ethanol. Centrifuged for 10 min,
decanted the supernatant, and allowed it to dry for 15 min. Hi-dl formamide was
added to the tubes, subjecting them to denature and snap chill. Mix the tubes
thoroughly and subject them to sequencing. The sequencing mixture

compositions (10 ul) and PCR conditions are as follows:

Contents Volume/reaction (pl)
Big Dye Terminator 4.0
ready reaction mix
Template 1.0
Primer 2.0
Milli Q water 3.0
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The PCR conditions used for the sequencing of the TLR4 gene promotor

was as follows:

Step Temperature (°C) Time (min)
Initial denaturation 96 5
Denaturation 96 0.5
Hybridization 50 0.5
Elongation 60 1.5
Go to (steps 2-4) 25 cycles
Final extension 72 5

DNA sequences were analyzed by ABI Variant Reporter software version
1.1using NG_011475.1 gene sequence as a template for the TLR4 gene promoter.
The schematic representation of the experimental protocol for sequencing of

TLR4 gene promoter region using the Sanger method was shown in Figure 4.11.
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Figure 4.11: Schematic representation of the experimental design for sequencing

of TLR4 gene promoter region by the Sanger method.
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4.16. Statistical analysis

The mean and standard deviation is used to represent quantitative variables.
Percentages are used to describe qualitative variables. Q-Q plots and normality
plots were used to perform the Shapiro-Wilk test. If the data had a normal
distribution, the mean was calculated; otherwise, the median was calculated. The
means of the two groups were compared using the Student t-test, while the
medians were compared using the Mann-Whitney U test. The Pearson correlation
and spearman’s rho correlation test was used to determine the relationship
between the variables. The distribution of both genotype and allele frequency
between the two groups were analyzed using fisher’s exact test. If p<0.05, the
difference was considered statistically significant. SPSS statistics V24.0 was
used for the statistical analysis of the data. The representative images were

prepared using Origin Pro software.
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5. Results
5.1. Demographic details

The demographic details of the study participants were represented in
table.1. A total of 63 CSOM patients and 63 matched healthy controls were
recruited for the study. The age (mean £ SD) of CSOM is 38.0+£13.8 and healthy
Control is 38.0+£13.7. The ratio of male and females are 28 (44.5%) and 35 (55.5
%) between the CSOM patients and healthy controls. Based on the location and
tympanic membrane perforation the CSOM patients were divided into three
subtypes: (i) Anterior: 07 (11.1%), (ii) Central: 44 (69.9%), and (iii) Posterior:12
(19.0%). The Central perforation (of the tympanic membrane) is more common
than anterior and posterior locations. Based on the ear affected, the CSOM
patients can be divided into unilateral 26 (41.3%), bilateral 37 (58.70%). The
majority of CSOM patients were presented with bilateral involvement of the ear.
The duration of the CSOM disease: <1 year 10 (15.9%), >1 - <5 years 37
(58.7%), and > 5 - < 10 years 16 (25.4). CSOM with cholesteatoma was 10
(15.9%) was less commonly seen in the CSOM patients.

Table 5.1: Characteristics of the study participants.

Parameters CSOM (n=63) Control (n=63)

Age (Years; mean+SD) 38.0£13.8 38.1+13.7
Gender

Male 28 (44.5%) 28 (44.5%)

Female 35 (55.5%) 35 (55.5%)
Ear affected

_ NA
Unilateral 26 (41.3 %)

Page 60



Results

Bilateral 37 (58.7 %)
Duration of disease
<1 year 10 (15.9%)
>]1 to <5 years 37 (58.7%) NA
>5to < 10 years 16 (25.4%)
Type of TM perforation
Central 44 (69.9%)
Anterior 07 (11.1%) NA
Posterior 12 (19.0%)
Presence of cholesteatoma 10 (15.9%) NA
Presenting symptoms
Ear discharge 55 (87.3%) NA
Hearing loss 56 (88.8%)
Earache 59 (93.6%)

SD=Standard deviation; NA=Not applicable; TM=Tympanic membrane; CSOM=
Chronic Supportive Otitis Media

5.2. Effect of LPS on TLR4 gene expression

To find whether the TLR4 gene expression was sensitive to LPS treatment
in CSOM patients, the TLR4 gene expression was quantified using gPCR in the
PBMCs after 4 h of treatment with LPS at 37 °C and compared with the

expression in healthy controls.

The normalized expression (ACt) of the TLR4 gene showed normal
distribution in both CSOM and control groups. The meantstandard deviation
was calculated. The results obtained from the experiments were depicted in

figure 5.1A-C.
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In the CSOM group, the average ACt of the TLR4 gene was 4.95+2.14 in
the LPS treated and 6.45+2.02 in the untreated samples. The higher normalized
expression of the TLR4 gene observed in the LPS-treated samples was found to
be statistically significant (p<0.001; Student’s t-test). The average LPS-induced

fold change (log 222<Y) in the TLR4 gene expression was 2.8 times.

In the control group, the average ACt of the TLR4 gene was 4.06£2.07 in
the LPS treated and 4.75%1.95 in the untreated samples. The higher normalized
expression of the TLR4 gene observed in the LPS-treated samples was found to
be statistically significant (p<0.001; Student's t-test). The average LPS-induced

fold change (log 222" in the TLR4 gene expression was 1.6 times.

The LPS-induced fold change of the TLR4 gene in the CSOM and control
groups were compared by statistical methods. The difference between the groups
was found to be significant (p<0.001; Student's t-test). Therefore, these results

indicate that TLR4 gene expression shows higher sensitivity to LPS-induced

uprequlation in CSOM patients.
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Figure 5.1: Effect of LPS on 7LR4 gene expression in the study groups: (A)
Normalized gene expression in the CSOM group, (B) Normalized gene
expression in the control group, and (C) Comparison of LPS-treated fold changes

in TLR4 gene expression between the study groups (n=63/group).

Furthermore, to find the effect clinical variables such as gender, laterality
and disease duration on LPS induced 7LR4 gene expression levels in CSOM
patients, subgroup (Table 5.1) analysis were performed. The gender (Male vs.
Female), laterality (Unilateral vs. Bilateral), and disease duration ((<4 vs. >4
years) did not show any impact on LPS-induced fold change 7LR4 gene
expression levels. The results obtained from the experiments were depicted in

figure 5.2A-C.
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Figure 5.2: Effect of LPS on TLR4 gene expression in the study subgroups: (A)
Comparison of LPS-treated fold changes in 7LR4 gene expression between
gender (Male vs. Female) in the CSOM groups, (B) Comparison of LPS-treated
fold changes in TLR4 gene expression between laterality (Unilateral vs. Bilateral)
in the CSOM groups, and (C) Comparison of LPS-treated fold changes in 7LR4

gene expression between disease duration (<4 vs. >4 years) in the CSOM groups.

5.3. Effect of LPS on NFKB gene expression

To find whether the NFkB gene expression was sensitive to LPS treatment
in CSOM patients, the NFKB gene expression was quantified using gPCR in the
PBMCs lysate after 4 h of treatment with LPS at 37 °C and compared with the

expression in healthy controls.

The normalized expression (ACt) of NFKkB gene showed normal distribution
in both CSOM and control groups. The meanzstandard deviation of the
expression was calculated. The results obtained from the experiments were

depicted in figure 5.3A-C.
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In the CSOM group, the average ACt of the NFkB gene was 2.23+2.84 in
the LPS treated and 4.17£2.54 in the untreated samples. The higher normalized
expression of the NFKkB gene expression observed in the LPS-treated samples
was found to be statistically significant (p<0.001; Student's t-test). The average

LPS-induced fold change (log 2-22<%) in the NFKB gene expression was 3.8 times.

In the control group, the average ACt of the NFKB gene was 1.54+2.63 in
the LPS treated and 2.02£2.49 in the untreated samples. The higher normalized
expression of the NFkB gene observed in the LPS-treated samples was found to
be statistically significant (p<0.001; Student's t-test). The average LPS-induced
fold change (log 2-24¢Y) in the NFkB gene expression was 1.4 times.

The LPS-induced fold change expression of NFkB gene in the CSOM and
control groups were compared by statistical methods. The difference between the
groups was found to be significant (p<0.001; Student's t-test). Therefore, these

results indicate that NFkB gene expression shows higher sensitivity to LPS-

induced uprequlation in CSOM patients.
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Figure 5.3: Effect of LPS on NFkB gene expression in the study groups: (A)
Normalized gene expression in the CSOM group, (B) Normalized gene
expression in the control group, and (C) Comparison of LPS-treated fold changes

in NFkB gene expression between the study groups (n=63/group).

Furthermore, to find the effect clinical variables such as gender, laterality
and disease duration on LPS induced NFkB gene expression levels in CSOM
patients, subgroup (Table 5.1) analysis were performed. The gender (Male vs.
Female), laterality (Unilateral vs. Bilateral), and disease duration ((<4 vs. >4
years) did not show any impact on LPS-induced fold change NFkB gene
expression levels. The results obtained from the experiments were depicted in
figure 5.4A-C. List of primers used for quantification of TLR4, NFkB, and

GAPDH genes in gPCR were shown in the table.5.2.
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Figure 5.4: Effect of LPS on NFkB gene expression in the study subgroups: (A)
Comparison of LPS-treated fold changes in NFkB gene expression between
gender (Male vs. Female) in the CSOM groups, (B) Comparison of LPS-treated
fold changes in NFkB gene expression between laterality (Unilateral vs.
Bilateral) in the CSOM groups, and (C) Comparison of LPS-treated fold changes
in NFkB gene expression between disease duration (<4 vs. >4 years) in the

CSOM groups.

Table 5.2. List of the forward and reverse primers used to quantify the expression
of TLR4 and NFKkB genes.

Genes Primer sequences (5° — 3°) Amplicon size (bp)
GAPDH FP: GATCATCAGCAATGCCTCCT 110
RP: GACTGTGGTCATGAGTCCTTC
NFkB FP: TAC CGA CAGACAACCTCACC 150
RP: CAG CTT GTCTCGGGT TTC TG
TLR4 FP: GAACCTGGACCTGAGCTTTAAT 105

RP: GTC TGG ATT TCA CAC CTG GAT AA

Page 71



Results

5.4. Effect of LPS on TNFa production

The expression of TLR4 and NFkB genes was upregulated in the PBMC of
CSOM patients. Further, the study was extended to investigate the levels of
effector cytokines such as TNFa and IL-10 in conditioned media obtained from
the PBMC cultures treated with and without LPS. To find whether the TNFa
production was sensitive to LPS treatment in CSOM patients, the TNFa,
production was measured using ELISA in the PBMCs conditioned medium after
4 h of treatment with LPS at 37 °C and compared with the expression in healthy

controls.

The TNFa protein levels were measured along with standards, calculated
the expression in CSOM patients using the formula y=0.0005x+0.1688,

expressed as pg/ml (Figure 5.5), and compared with healthy control group.

The expression of TNFa did not show the normal distribution in both
CSOM and control groups. The median and Inter quartile range (IQR) was
calculated. The results obtained from the experiments were depicted in figure

5.6A-C.

In the CSOM group, the average (range) levels of TNFa were 466.0 (137.2-
778.8) pg/ml in the LPS treated and 142.3 (97.1-313.1) pg/ml in the untreated
samples. The higher expression of the levels of TNFa observed in the LPS-
treated samples was found to be statistically significant (p<0.001; Mann-Whitney

U test). The average LPS-induced fold change in TNFo expression was 3.2 times.

Page 72



Results

In the control group, the average TNFa expression levels were 243.9
(149.1-371.9) pg/ml in the LPS treated and 140.3 (82.3-271.1) pg/ml in the
untreated samples. The higher expression levels of TNFa observed in the LPS-
treated samples were found to be statistically significant (p<0.001; Mann-
Whitney U test). The average LPS-induced fold change in the TNFa expression

levels was 1.1 times.

The LPS-induced fold change of the TNFa expression levels in the CSOM
and control groups was compared by statistical methods. The difference between
the groups was found to be significant (p<0.001; Mann-Whitney U test).

Therefore, these results indicate that TNFo expression levels show higher

sensitivity to LPS-induced upregulation in CSOM patients.

30 4

y=0.005x+ 0.1688
R*=10.9935

OD value at 450nm
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Concentration of TNFa (pg/ml)

Figure 5.5: Standard graph for the levels of TNFa protein in conditioned
medium of CSOM patients and healthy controls.
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Figure 5.6: Effect of LPS on TNFa production in the study groups: (A) TNFa
levels in the treated and untreated conditioned media in the CSOM group, (B)
TNFa levels in the treated and untreated conditioned media in the control group,

and (C) Comparison of LPS-treated TNFa fold change between CSOM and
control groups (n=63/group).

Furthermore, to find the effect of clinical variables such as gender, laterality
and disease duration on LPS induced TNFa protein expression levels in CSOM
patients, subgroup (Table 5.1) analysis were performed. The gender (Male vs.
Female), laterality (Unilateral vs. Bilateral), and disease duration ((<4 vs. >4
years) did not show any impact on LPS-induced TNFa protein fold change
expression. The results obtained from the experiments were depicted in figure

5.7A-C.
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Figure 5.7: Effect of LPS on TNFa production in the study subgroups: (A)
Comparison of LPS-treated fold changes in TNFa production between gender
(Male vs. Female) in the CSOM groups, (B) Comparison of LPS-treated fold
changes in TNFa production between laterality (Unilateral vs. Bilateral) in the
CSOM groups, and (C) Comparison of LPS-treated fold changes in TNFa

production between disease duration (<4 vs. >4) in the CSOM groups.

5.5. Relationship between components of TLR4 pathway

The LPS-induced fold change in the gene expression of TLR4 was
correlated with the fold change in NFkB gene expression in CSOM group. The
correlation results are presented in figure 5.8. The correlation was positive with

strong strength (r=0.77, p= 0.01, Pearson’s correlation). This indicates that an

LPS-induced increase in TLR4 gene expression may be responsible for the

uprequlation of the NFkB gene.

Furthermore, the LPS-induced fold change in the gene expression of NFkB
and TNFa fold change was checked for correlation in the CSOM group. The

correlation results are presented in figure 5.9. The correlation was positive with
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moderate strength (r=0.37, p=0.01, spearman’s rho correlation). This indicates

LPS-induced increase in NFkB gene expression may be responsible for increased

TNFa production.

NFkB fold change

TLR4 fold change

Figure 5.8: Correlation between LPS-induced TLR4 gene expression and NFkB

gene expression in CSOM patients.

TNFa fold change

o
®
.‘“‘.: ®e
[

.l
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NFkB fold change

Figure 5.9: Correlation between LPS-induced NFkB gene expression and TNFa

production in CSOM patients.
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5.6. Effect of LPS on IL-10 production

The TNFa production was significantly increased in the condition medium
of PBMC cultures from CSOM patients when compared to healthy controls.
Further, to find whether the IL-10 production was sensitive to LPS treatment in
CSOM patients, the IL-10 production was measured using ELISA in the PBMCs
conditioned medium after 4 h of treatment with LPS at 37 °C and compared with

the expression in healthy controls.

The IL-10 protein levels were measured along with standards, calculated
the expression in CSOM patients using the formula y=0.0045x+0.4035,

expressed as pg/ml (Figure 5.10), and compared with healthy control.

Expression levels of IL-10 did not show the normal distribution in both
CSOM and control groups. The median (IQR) was calculated. The results

obtained from the experiments were depicted in figure 5.11A-C.

In the CSOM group, the average (range) levels of IL-10 were 92.1 (65.4-
110.7) pg/ml in the LPS treated and 146.7 (107.6-228.1) pg/ml in the untreated
samples. The lower levels of IL-10 expression observed in the LPS-treated
samples were found to be statistically significant (p<0.001; Mann-Whitney U

test). The average LPS-induced fold change in the IL-10 levels was 0.58 times.

In the control group, the average (range) IL-10 levels were 206.7 (116.5-
388.5) pg/ml in the LPS treated and 317.0 (161.8-470.7) pg/ml in the untreated

samples. The lower levels of IL-10 observed in the LPS-treated samples were

Page 79



Results

found to be statistically significant (p<0.001; Mann-Whitney U test). The

average LPS-induced fold change in the IL-10 levels was 0.78 times.

The LPS-induced fold change of the IL-10 levels in the CSOM and control
groups was compared by statistical methods. The difference between the groups
was found to be significantly less in CSOM group (p<0.001; Mann-Whitney U

test). Therefore, these results indicate that IL-10 expression levels did not appear

to be sensitive to LPS-induced upreqgulation in CSOM patients.

¥=0.0045x + 0.4035
25 | R'=09618_~"9

OD value at 450nm

0 1C.]0 2('30 3l00 4(')0 5[;0
Concentration of IL-10 (pg/ml)

Figure 5.10: Standard graph for the levels of IL-10 protein in conditioned
medium of CSOM patients and healthy controls.
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Figure 5.11: Effect of LPS on IL-10 production in the study groups: (A) IL-10
levels in the treated and untreated conditioned media in the CSOM group, (B)
IL-10 levels in the treated and untreated conditioned media in the control group,
and (C) Comparison of LPS-treated IL-10-fold change between CSOM and
control groups (n=63/group).

Furthermore, to find the effect of clinical variables such as gender, laterality
and disease duration on LPS induced IL-10 protein expression levels in CSOM
patients, subgroup (Table 5.1) analysis were performed. The gender (Male vs.
Female), laterality (Unilateral vs. Bilateral), and disease duration (<4 vs. >4
years) did not show any impact on LPS-induced IL-10 expression levels. The

results obtained from the experiments were depicted in figure 5.12A-C.
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Figure 5.12: Effect of LPS on IL-10 production in the study subgroups: (A)
Comparison of LPS-treated fold changes in TNFa production between gender
(Male vs. Female) in the CSOM groups, (B) Comparison of LPS-treated fold
changes in IL-10 production between laterality (Unilateral vs. Bilateral) in the
CSOM groups, (C) Comparison of LPS-treated fold changes in IL-10 production

between disease duration (<4 vs. >4years) in the CSOM groups.

5.7. Influence of genetic variation in promoter region TLR4 gene

To find whether TLR4 gene promoter SNPs were associated with CSOM
patients, Four SNPs in the TLR4 gene promoter region were selected (since they
are predicted to be transcription factor binding motifs): -2604 (GATAZ2, CdxA),
-2570 (tst-2, v-myb), -2604 (N-Myc, Lost), and -2026 (Oct-1, Lost). The selected
SNPs were shown in the figure 5.13 [Ragnarsdottir et al., 2020]. SNPs in TLR4
gene promoter regions -2604 G>A, -2570 A>G, -2604 G>A, and -2026 A>G
were identified. The TLR4 gene promoter region primers sequences were shown
in table 5.3 and the representative band pattern of PCR amplification (825 bp)

were shown in the figure 5.14. The distribution of both genotype and allele
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frequency of all 4 SNPs in the TLR4 gene promoter region showed no statistically
significant difference between the CSOM and control groups (p>0.05; Fisher’s
exact test). This indicates that the TLR4 gene promoter region SNPs (-2604 G>A,
-2570 A>G, -2604 G>A, and -2026 A>G) maybe not associated with CSOM.
The sequencing results obtained from the both CSOM and control genotype and

allele frequencies of 4 SNPs were shown in the table 5.4-5.7.

Exon1 Exon 2
Promoter 258pp  INtronl pp ntron2 Exon3
4158bp 3631bp 3657bp 3386bp
5’ _- / 2
[

-2604 2570 -2081-2026

Figure 5.13: The TLR4 gene promoter region SNPs -2604, -2570, -2604, and -
2026 analysed in the present study.

Table 5.3. The sequence of primers used to study the SNPs in promoter region
of TLR4 gene in blood samples of CSOM patients and healthy controls.

. e Amplicon
Gene Primer sequence (5’ - 3°) size (bp)
TLR4 FP: CATTGGTAGCACCAGAGTCC 825

RP: CTGGAAAGTAGCAAGTGCAATG
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Figure 5.14: Representative PCR band for TLR4 gene promoter region: Lane 1:
represents the 100 bp ladder. Lane 2: represents PCR amplicon (825 bp).

Table 5.4: Genotype and allele frequencies of TLR4 gene promoter region SNP-
2604 G>A in the CSOM patients and healthy controls.

Genotype/ Controls CSOM P- value” OR#
Allele (n=22) (n=22) (0.95ClI)

GG 10 12
GA 12 8 0.27 NA
AA 0 2

G 32 32 1

0.59
A 12 12 (0.39 — 2.55)

GG: Homozygous (major allele); AA: Homozygous (minor allele); GA:
Heterozygous; * Chi square, one-tailed (Fisher’s exact test); * OR: Odds ratio; CI:
Confidence intervals; NA: Not Applicable.
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Table 5.5: Genotype and allele frequencies of TLR4 gene promoter region SNP-
2570 A>G in the CSOM patients and healthy controls.

Genotype/ Controls CSOM P- value* OR*
Allele (n=22) (n=22) (0.95 CI)

AA 15 11

AG 07 10 0.34 NA
GG 0 1
A 37 32

0.000 0.07

G 7 12 (0.02 - 0.20)

AA: Homozygous (major allele); GG: Homozygous (minor allele); AG:
Heterozygous; * Chi square, one-tailed (Fisher’s exact test); ¥ OR: Odds ratio; ClI:
Confidence intervals; NA: Not Applicable.

Table 5.6: Genotype and allele frequencies of TLR4 gene promoter region SNP-
-2081 G>A in the CSOM patients and healthy controls.

Genotype/  Controls CSOM P- value* OR#
Allele (n=22) (n=22) (0.95CI
GG 19 15
GA 03 06 0.29 NA
AA 0 1
G 41 36 3.03
0.06 (0.74 -
3 8 12.32)

GG: Homozygous (major allele); AA: Homozygous (minor allele); GA:
Heterozygous; * Chi square, one-tailed (Fisher’s exact test); # OR: Odds ratio; CI:
Confidence intervals; NA: Not Applicable.
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Table 5.7. Genotype and allele frequencies of TLR4 gene promoter region SNP-
2026 A>G in the CSOM patients and healthy controls.

Genotype/ Controls CSOM p- value® OR*
Allele (n=22) (n=22) (0.95CI)
AA 17 12
AG 7 10 i NA
GG 0 0
41 34 5.6
G 07 10 0.23 (g 'gf)_

AA: Homozygous (major allele); GG: Homozygous (minor allele); AG:
Heterozygous; * Chi square, one-tailed (Fisher’s exact test); # OR: Odds ratio; CI:
Confidence intervals; NA: Not Applicable.
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Discussion

6. Discussion
The present study aimed to evaluate the role of genetic and immunological
factors on the TLR4 pathway in CSOM patients.
The main findings of this study are as follows:
a) LPS-treated fold change of TLR4 and NFkB gene expression were
higher in CSOM patients than healthy controls.
b) LPS-treated fold change of TNFa production was higher and the IL-10
production was lower in CSOM patients than healthy controls.
c) SNPs in the promoter region of TLR4 gene may not be associated with
CSOM.
The inferences and the significance of each findings were discussed

individually below.

Inference 1: Upregulated TLR4 and NFKB gene expression in the LPS

treated PBMCs of CSOM patients

LPS treatment of PBMCs revealed an increased TLR4 gene expression in
CSOM patients compared to healthy controls. LPS is a TLR4 agonist [Hernandez
et al., 2019]. The activation of the downstream signaling cascade leads to the
upregulation of the TLR4 gene. As a result, an increase in the synthesis of NFkB
protein is brought about by the binding of LPS to the TLR4 receptor. This protein
is a transcription factor that controls the expression of the inflammatory gene by

moving from the cytoplasm to the nucleus [Kawai et al., 2007]. This study
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showed an increased expression of TLR4 and NFkB genes, suggesting that
CSOM patients are more hypersensitive to LPS.

LPS-treated TLR4 and NFkB gene expression levels were compared
between clinical subgroups such as gender, laterality, and disease duration. The
gender, laterality, and disease duration did not affect the LPS-treated TLR4 and
NFkB gene expression levels in CSOM patients. Also, in CSOM patients, LPS-
treated TLR4 gene expression exhibited a strong positive connection (strong
magnitude) with the NFkB gene expression levels; as a result, TLR4 gene
expression increased, likewise, NFkB gene expression.

To the best of our knowledge, this is the first study to compare the effect of
LPS on the TLR4 pathway markers (TLR4 and NFkB) genes in CSOM patients.
Previous studies involved measuring the TLR4 and NFkB gene expression
directly from the patient samples. Upregulation of the TLR4 gene in CSOM has
been reported in various samples, such as serum, middle ear mucosa, and middle
ear tissue [Si et al., 2012; Hirai et al., 2013; Jotic et al., 2015]. Si et al., (2012)
compared the TLR4 gene and protein expression in CSOM patients and healthy
controls using qPCR and immunohistochemistry, respectively. The TLR4 gene
and protein expressions were higher in the middle ear mucosa of CSOM when
compared to normal canal skin [Si et al., 2012]. A similar TLR4 gene
upregulation was also observed by Hirai et al., (2013) and Jotic et al., (2015) in
middle ear tissue samples [Hirai et al., 2013; Jotic et al., 2015]. Jesic et al., (2014)
compared the TLR4 and NFkB protein expression in CSOM middle ear tissues

samples and normal canal skin using immunohistochemistry. The TLR4 protein
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expressions were higher and NFkB protein expression were lower in the middle
ear mucosa of CSOM when compared to normal canal skin. However, the
upregulation of NFkB protein expression observed herein contradicts the
previous report [Jesic et al., 2014]. This present study shows that LPS may be
responsible for elevated TLR4 and NFkB gene expression. The results of this
present study prove that the TLR4 pathway is hypersensitive to LPS because of

the upregulation of TLR4 and NFkB gene expression upon LPS stimulation.

Inference 2: LPS induced TNFa production was higher in LPS treated

PBMCs (conditioned medium) of CSOM patients

In this study, LPS treatment of PBMCs (in conditioned medium samples)
resulted in increased TNFa production and decreased IL-10 levels in CSOM
patients compared to healthy controls. TNFa production was the highest, and IL-
10 production was the lowest in the CSOM group. This finding indicates that
TNFa production is hypersensitive and I1L-10 is less sensitive to LPS in CSOM
patients. The hypersensitive TNFa production to LPS treatment may be due to
increased NFKB transcription factor gene expression in the study. As a result,
patients show elevated TNFo production levels in CSOM patients compared to
healthy controls.

Furthermore, LPS-induced NFkB gene expression was compared to TNFa
production in the CSOM group. A moderate correlation was observed between
the NFkB gene and TNFa production. The effect of LPS on TNFa and IL-10

production in clinical variables subgroup analyses were carried out. Results
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showed that the gender, laterality, and disease duration did not alter the levels of
TNFa and IL-10 production in CSOM patients.

Previous studies have mainly focused on measuring the TNFa levels in
serum and middle ear mucosa in CSOM patients [Kuczkowski et al., 2011; Baike
etal., 2017; Edwards et al., 2019]. To the best of our knowledge, this is the first
study to examine the effect of LPS on TNFa and IL-10 production in CSOM
patients. Kuczkowski et al., (2011) reported a higher TNFa protein expression in
the middle ear mucosa tissue samples of the CSOM patients than in healthy
controls [Kuczkowski et al., 2011]. In addition, Baike et al., (2017) reported six-
fold higher serum levels of TNFa in CSOM patients than healthy controls [Baike
etal., 2017]. Also, a recent study by Edward et al., (2019) showed a higher TNFa
gene expression levels in the middle ear tissue samples of CSOM patients than
normal canal skin [Edwards et al., 2019].

The present results proves that the TLR4 pathway is hypersensitive to LPS
because of the upregulation of TLR4 and NFkB gene expression, and TNFa
production upon LPS stimulation of PBMCs. Therefore, these results indicated
that the levels of TNFa expression was higher sensitive to LPS-induced

upregulation in CSOM patients.

Inference 3: Association of TLR4 gene promoter genetic variation (SNPs)

with CSOM patients

SNPs in TLR4 gene promoter regions -2604 G>A, -2570 A>G, -2604 G>A,
and -2026 A>G were identified in the both CSOM patients and healthy controls.

The distribution of both genotype and allele frequency showed no statistically
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significant difference between the two groups (p>0.05; Fisher’s exact test). This
indicates that the TLR4 gene promoter region -2604 G>A, -2570 A>G, -2604
G>A, and -2026 A>G SNPs may not be associated with CSOM. Four SNPs in
the TLR4 gene promoter region were selected since they are predicted to be
transcription factor binding motifs [Ragnarsdattir et al., 2015]. Previous studies
have shown that the SNPs in TLR4 gene exons and introns region were associated
with CSOM [MacArthur et al., 2013]. The present study evaluated the SNPs in
TLR4 gene promoter regions in CSOM patients. Unlike the SNP in the exons and
introns, the SNPs in promoter region were not associated with CSOM condition.
This may be due to the small sample size used for the genetic study or the genetic

makeup of the study participants.

Final conclusion: The TLR4 pathway is hypersensitive to LPS in CSOM
patients, according to the present study findings. The TLR4 and NFkB gene
expression, and TNFa production was elevated in the LPS treated PBMCs.
Together, these findings lend credence to the hypothesis that the TLR4 pathway
may function improperly in CSOM patients, most likely as a result of inadequate
regulation. This is the first attempt to look at how CSOM patients naturally
respond to LPS. These findings demonstrate the inherent propensity of CSOM
patients to overproduce inflammatory cytokines in response to infection.

The results of this study hold translational promise for therapeutic
development. Antagonists of the TLR4 pathway may be explored for the

amelioration of CSOM. Several anti-TLR4 molecules are currently under clinical
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trial for various clinical conditions [Ain et al., 2020]. The successful molecules

may be used for the management of CSOM.

Page 94



é@ ~ Nots
=

Summary and
Conclusion




Summary and Conclusion

7. Summary and Conclusion

» The aim of this present study was to evaluate the role of the TLR4 pathway in

the development of CSOM.

» The study was carried out by adopting a case-control study design. The case
group comprised CSOM patients, whereas the control group comprised

healthy volunteers. There were 63 participants in each group.

> The first objective of the study was to compare the levels of TLR4 gene
expression in response to LPS treatment in CSOM patients and controls.
PBMCs obtained from the study participants were treated with LPS for 4 h
along with vehicle control (PBS). TLR4 gene expression was quantified in the
treated cells and untreated cells by gPCR. LPS treatment resulted in the
upregulation of expression of the TLR4 gene in CSOM compared to control
(1.75 folds) (p<0.001). These observations indicate that the TLR4 gene
expression shows higher sensitivity to LPS-induced upregulation in CSOM

patients.

» The second objective of the study was to compare the levels of NFkB gene
expression in response to LPS treatment in both CSOM patients and controls.
PBMCs obtained from the study participants were treated with LPS for 4 h
along with vehicle control (PBS). NFKB gene expression was quantified in the
treated and untreated cells by gPCR. LPS treatment resulted in the
upregulation of expression of the NFkB gene in CSOM compared to controls

(2.71 fold) (p<0.001). These observations indicate that the NFkB gene
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expression shows higher sensitivity to LPS-induced upregulation in CSOM

patients.

> The third objective of the study was to compare the levels of LPS-treated TNF
and IL-10 production in CSOM and controls. PBMCs obtained from the study
participants were treated with LPS for 4 h along with a control. TNFa and IL-
10 production were quantified in the conditioned cell culture medium by using
the ELISA technique. LPS treatment resulted in significantly increased TNFa
production in CSOM compared to control (2.9 folds) (p<0.001), and LPS
treatment resulted in a significantly decreased in IL-10 production levels in
CSOM compared to control (0.74 folds) (p<0.001). These observations
indicate that the TNFa production shows higher sensitivity, and IL-10
production shows less sensitivity to LPS-induced upregulation in CSOM

patients.

> Correlation analysis was performed between LPS-treated fold change TLR4
gene expressions compared to NFkB gene expression in CSOM patients. LPS-
treated fold change in TLR4 gene expression levels compared to NFkB gene
expression showed a positive (strong) correlation (r=0.77, p<0.01, Pearson’s
correlation). These results indicate that the expression of the TLR4 gene
increases, and NFkB gene expression increases proportionally. Similarly,
LPS-treated fold change NFkB gene expressions compared to TNFa
production in CSOM patients. LPS-treated fold change NFkB gene expression
compared to TNFa production showed a positive (moderate) correlation

(r=0.37, p<0.01, Spearman's rho correlation). These results indicate that the
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expression of the NFkB gene increases, TNFo production increases

proportionally.

> The fourth objective of the study was to compare TLR4 gene promoter region
SNPs in CSOM patients and controls. Four SNPs in the TLR4 gene promoter
region were selected since they are predicted to be transcription factor binding
motifs. SNPs in TLR4 gene promoter regions such as -2604 G>A,-2570 A>G,-
2604 G>A, and -2026 A>G were identified. The distribution of both genotype
and allele frequency showed no statistically significant difference between the
two groups (p>0.05; Fisher’s exact test). This indicates that the TLR4 gene
promoter regions -2604 G>A,-2570 A>G,-2604 G>A, and -2026 A>G SNPs

may be not associated with CSOM.

> Overall, this study shows that the TLR4 pathway is hypersensitive to LPS in
CSOM patients. Future studies need to explore the TLR4 pathway for

developing drugs that can mitigate the inflammatory damage in CSOM.
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8. New Knowledge Generated

» Overactivation of the TLR4 pathway plays an important role in CSOM
pathogenesis, the overactivation was linked to bacterial infection of the

middle ear.

» The present study shows that the TLR4 pathway is intrinsically

hypersensitive to bacterial ligands in CSOM.

» The present study results suggests that CSOM arises may be when a person
with intrinsic hypersensitivity of the TLR4 pathway experiences bacterial

infection of the middle ear.
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9. Strength and Weakness of the study
Strength

In this study, the responsiveness of the TLR4 pathway was measured using
key markers. Whereas previous studies, the key markers were measured in the
uninduced state. Because of this approach, host factors responsible for intrinsic

predisposition to CSOM are indicated.
Weakness

The selected TLR4 gene promoter SNPs were not associated with CSOM.
The lack of association might be due to small sample size used for the genetic

study or the involvement of other SNPs in TLR4 pathway.
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Chronic suppurative otitis media (CSOM) is an infectious disease of the middle ear that involves
inflammation and accumulation of fluid behind the eardrum. The pathogenesis of CSOM involves reduced
bacterial clearance due to impairment of Toll-Like Receptor (TLR) 4 pathway. TLR4 receptor serves as the
molecular sensor for bacterial endotoxin (lipopolysaccharide) and activates inflammatory cell signaling for
clearing the bacteria. Previous studies have shown that the expression of TLR4 gene is reduced in middle ear
epithelia of CSOM patients. Whether the expression of TLR4 gene is reduced in leukocytes is not known. In
our present study we aim to compare the expression of the TLR4 gene in the blood samples of CSOM patients
and healthy controls. A case-control study was carried out by involving 16 participants in each group. The
levels of the TLR4 gene expression were measured by using the gRT-PCR method. The median (interquartile
range) ACt values of the TLR4 gene expression was 4.85 (2.61- 8.55) in the patient group and 2.29 (-1.63-4.85)
in healthy controls. Expression of the TLR+ gene in the leukocytes of CSOM patient group was reduced by

~5.9 fold compared to the control group and the difference was found to be significant (P = 0.01).

Keywords: chronic suppurative otitis media, gene expression, toll-like receptor 4 (TLR4).

titis media (OM) is a group of complex in-
O fectious and inflammatory disease that af-
fects the middle ear cavity. OM can be clas-
sified into two subtypes as acute and chronic.acute
form of OM (AOM) can lead to chronic suppurative
OM (CSOM). Chronic suppurative OM (CSOM) in-
volves persistent infection and continuous ottorrhea
for more than 3 episodes in a month with a tympanic
membrane perforation [1,2]. CSOM results in serious
complications such as brain abscess, hearing loss,
meningitis, and facial nerve paralysis [3]. The global
estimate of prevalence rate ranges between 1-46% of
CSOM [4]. Pseudomonas aeruginosa (37.21%) and
Staphylococcus aureus (27.91%) are the most com-
mon bacteria observed in the middle ear fluids of
CSOM patients [5].
CSOM is considered to be a multifactorial
disease with a genetic component. Animal studies

have shown that the 7LR4 gene is involved in the
development of CSOM. The 7LR4 gene codes for the
type 1 transmembrane protein called Toll-Like Re-
ceptor 4 (TLR4) which functions as a pattern recog-
nition receptor specifically for the lipopolysaccha-
ride. The latter molecule is derived from the cell wall
of gram-negative bacteria [6,7]. TLR4 is expressed
in macrophages, monocytes, dendritic cells, and epi-
thelial cells [8]. The binding of lipopolysaccharide to
TLR4 receptor activates the intracellular cell signal-
ling pathway which then results in the secretion of
inflammatory cytokines. These cytokines then elicit
a protective immune response against bacterial in-
fection. Inactivation of the 7LR4 gene is assumed
to compromise the development of a protective im-
mune response and lead to persistent infection [9].
Consistent with the above view, down-regu-
lation of the 7LR4 gene has been reported in the
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middle ear epithelia of CSOM patients [10]. It is not
known if this pattern is unique to middle ear epi-
thelia or shared by other cell types that express the
TLR4 gene. This study was undertaken to answer
this question. The aim of this study was to compare
the expression of the 7LR4 gene in the blood samples
of CSOM patients and healthy controls.

Materials and Methods

Study design. The case-control design was used
to conduct the study. The case group comprised of
CSOM patients (» = 16) and the control group com-
prised of age and gender-matched healthy controls
(n=16). The study was approved (SDUAHER/KLR/
CEC/01/2017-18) by the Central Ethics Committee.
Patients attending the Department of Otorhinolaryn-
gology, R. L. Jalappa Hospital and Research Centre,
Tamaka, Kolar, Karnataka, India, and the patients
were enrolled between October 2018-August 2019.

Participant selection. CSOM was diagnosed
based an otoscopic examination and the following
criteria (i) perforation involving tympanic mem-
brane (ii) chronic ear infection and (iii) hard of
hearing. Inclusion criteria for the cases were (i) pa-
tients diagnosed with CSOM (ii) both genders in the
age group of 18-60 years. Exclusion criteria for the
CSOM patients were (i) acute otitis media without
effusion, (ii) post-traumatic CSOM, (iii) cleft lip/
palate, (iv) down’s syndrome, and (v) otomycosis
[11]. The patient information sheet and written in-
formed consent form were obtained prior to the re-
cruitment of study subjects. One ml of whole blood
samples of both CSOM patients and healthy controls
were collected in an EDTA vacutainer and used for
quantification of 7LR4 gene expression.

Quantification of TLR4 gene expression by gRT-
PCR. The TLR4 gene expression was performed by
using quantitative reverse transcription polymerase
chain reaction (QRT-PCR) CFX96 touch system
(Bio-Rad, USA). Total RNA was isolated from 1 ml
blood samples of both cases (# = 16) and controls
(n = 16) using Trizol reagent (GeNei, Bangalore)
based on protocol provided by the manufacturer’s
instruction [12]. The concentration and purity of the
total RNA were measured using a spectrophotome-
ter (PerkinElmer UV-VIS (Lambda 35), USA). RNA
samples were stored at -20°C until further use. The
RNA samples of good quality (260/280 ratio of >2)
were used for conversion of cDNA. Total RNA sam-
ples were converted to cDNA using iScript cDNA
conversion kit (Bio-Rad, USA). Real-time quantifi-
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cation of 7LR4 and GAPDH genes were performed
using SYBR green method (Bio-Rad, USA).

Following primers were used to quantify the
expression of 7LR4 and GAPDH (Sigma, USA):

TLR4 gene:

Forward primer: 5 GAACCTGGACCTGAGCTT-
TAAT 3’

Reverse primer: 5 GTCTGGATTTCACACCTGGA-
TAA 3’

GAPDH gene:

Forward primer: 5" GATCATCAGCAATGCCTC-
CT-3,

Reverse primer: 5 GACTGTGGTCATGAGTC-
CTTC 3’

The composition of qRT-PCR reaction mixture
is as follows: 2 pl of cDNA (1:10 dilution), 0.5 pul of
forward and reverse primers, 5 pl of SYBR green,
and 2 pl of nuclease-free water. The reaction con-
ditions used for qRT-PCR were as follows: hold at
50°C for 2 min, 40 cycles of hold at 95°C for 10 min,
denature at 95°C for 15 sec and anneal/extension
at 54.3°C for 60 sec. At the end of the reaction, the
Cycle Threshold (Ct) values were obtained from the
analysis software. The expression of the 7LR4 gene
was normalized using GAPDH as endogenous con-
trol and the fold change in 7ZR4 gene expression was
calculated using the 2-449 method [13].

Statistical analysis. All the statistical analysis
was carried out using SPSS Statistics V22.0 (IBM,
USA); qualitative variables were represented by per-
centages. Differences between the two groups were
compared by using non parametric test Mann —-Whit-
ney U test. P-value less than 0.05 were considered to
be statistically significant.

Results

The demographic and clinicalcharacteristics
of the study participants were given in Table. The
mean age of both CSOM patient and control groups
was 31.75 £ 9.89 years. In both groups, 31.25% of
the participants were male and 68.75% were female.
Majority of the patients showed bilateral involve-
ment of CSOM (68.75%). The common site of tym-
panic perforation was central (68.75%) followed by
posterior (18.75%), and anterior locations (12.05%).
Cholesteatoma formation was observed only in few
patients (12.50%)).

The 7LR4 gene expression was quantified by
using qRT-PCR. The resulting ACt values did not
show normal distribution. Therefore, median and
interquartile range (IQR) was calculated for both
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the groups. The median ACt of 7LR4 gene was 4.85
(2.61 to 8.55) in CSOM group and 2.29 (-1.63 to -
4.85) in control group. The difference between the
median ACt values of the CSOM and control groups
was statistically significant (P = 0.01; Mann—Whit-
ney U test). The results were represented graphi-
cally in Fig. 1. Comparative Ct method used to cal-
culate the fold change in 7LR4 gene expression. The
average 7LR4 gene expression in the CSOM group
was found to be 0.17 compared to the control group.
Thus, the gene expression in the CSOM group was
about 5.9 times lower than in the control group.
Further, the 7LR4 gene expression data was
analysed after subgrouping the CSOM patients
based on the clinical profile. Significant difference
was observed between unilateral and bilateral sub-
groups (P = 0.03; Mann—Whitney U test). The results
are shown in Fig. 2. Downregulation of the 7LR4

gene expression was severe in the bilateral subgroup
than in the unilateral subgroup. There was no sig-
nificant difference between patients with and without
cholesteatoma(? = 0.26; Mann—Whitney U test).

Discussion

The purpose of this study was to compare
the 7LR4 gene expression in CSOM patients and
healthy controls. The results of this study show that
the levels of 7LR4 gene expression are reduced in
CSOM patients compared to healthy controls. This
implies that the 7LR4 gene expression is down-regu-
lated in CSOM. To the best of our knowledge, this is
the first study to quantify the 7LR4 gene expression
in the blood samples of CSOM patients.

The results of this study are in agreement with
the pattern reported in the middle mucosa of CSOM
patients. Si and co-workers reported that expression

Table. Demographic and clinical parameters of study participants

Parameter ‘ CSOM patients (n = 16) ‘ Controls (n = 16)
Age (Years) (mean + SD) 31.75 + 9.89 3175+ 9.89
Gender
Male 05 (31.25%) 05 (31.25%)
Female 11 (68.75%) 11 (68.75%)
Ear affected
Unilateral 05 (31.25%) NA
Bilateral 11 (68.75%) NA
Perforated TM
Anterior 02 (12.05%) NA
Central 11 (68.75%) NA
Posterior 03 (18.75%) NA
Disease duration
<l year 06 (37.50%) NA
>] year to <5 years 06 (37.50%) NA
>5 year to < 10 years 03 (18.75%) NA
Since childhood 01 (06.25%) NA
CSOM
With Cholesteatoma 02 (12.50%) NA
Without Cholesteatoma 14 (87.50%) NA
Presenting symptoms
Ear discharge 13 (81.25%) NA
Hearing loss 09 (56.25%) NA
Ear ache 16 (100.00%) NA

CSOM - Chronic Suppurative Otitis Media; SD — Standard Deviation; NA — Not Applicable; TM — Tympanic membrane
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TLR4 gene in CSOM group vs. controls. Median
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of the 7LR4 gene is lower in middle ear mucosal
samples of CSOM patients compared to that of con-
trols [14]. The TLR4 gene expression levels were not
altered in children with a history of OM compared
to control in middle ear tissue samples [15]. Also, the
TLR4 gene expression is downregulated in middle
ear tissue samples of CSOM patients in comparison
to controls [16]. Together these report suggest that
TLR4 gene expression were downregulated in OM.
The role of the 7LR4 gene in the pathogenesis
of otitis media has been established with animal
studies. Two mice strains (C3H/HeJ and C57BL/6)
with knock out of the 7LR4 gene have been
developed. Carol and co-workers evaluated the
visual changes in the tympanic membrane and audi-
tory brainstem response in 7-8-month-old C3H/Hel
mice. The authors found that the C3H/HeJ mice de-
veloped OM spontaneously. Furthermore, increased
hearing loss of mixed type and also inflammation
in the middle ear were found [17]. Leichtle and co-
workers evaluated the C57BL/6 mice and noticed an
increase in the middle ear mucosal thickness, cel-
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. Controls
sion = 1.0,

lular infiltration in the middle ear cavity. In addi-
tion, they reported that the bacterial clearance in the
middle ear cavity was reduced [18]. These reports
indicate that genetic variations are the likely cause
for the impairment of Toll-Like Receptor 4 in OM.
This view is supported by several genetic assocation
studies [19-21].

Conclusion. The present study shows that the
TLR4 gene expression is downregulated in the leu-
cocytes of CSOM patients.
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XpouiuHuii rHilinuii cepenniii otut (XI'CO) —
iH}pekiiilHe 3aXBOPIOBAHHS CEPEIHBOrO ByXa,
AKe CYTNPOBOMKYETHCA 3amMajeHHAM Ta CKyMYeH-
HAM piaunu 3a GapabaHHOor mneperuHkoro. Ila-
torenes XI'CO XapakTepu3yeTbCsl 3HUIKEHHSAM
GakTepiaNbHOrO  KIIpPEeHCY 4Hepe3 MOPYLICHHS
curHajbHoro wuisixy peuenropa TLR4, skuil €
MOJICKYJIIPHUM ~ CEHCOPOM GaKTepiallbHOrO  eH-
JNOTOKCHHY (Jlinonosicaxapuiy) i akTHBaTOpOM
MPOTU3anaibHOl CUrHAJIBHOT CUCTEMU KJIITHH JUIs
3HUILeHHA OakTepiit. [lonepenui nocinimkeHHs mo-
KasaJiu, o eKcrpecis rena 7L R4 3HWKeHa B emiTenii
cepenHboro Byxa nauieHTiB i3 XI'CO. Un 3HMKeHa
ekcnpecis reda TLR4 y neiikouurtax, Heiaomo. Me-
TOO I0CITi JKEHHsI Oy 10 OPIBHSITH EKCITPECIit0 TeHIB
TLR4y 3paskax kposi nauieHTis i3 XI'CO Ta 310po-
BUX 0ci 3a monomoroto KinbkicHoi TTJIP. Tlpoene-
HO NOCTiUKeHHS “BUIMAJOK-KOHTPOIL’ 32 y4acTIO
16 oci6 y koxHiit rpyni. Meniana (Mi>kKKBapTUIBbHUM
po3max) 3HaueHHa ACt excnpecii reHa 7LR4 ckia-
na 4,85 (2,61-8,55) y rpyni nauienris i3 XI'CO Ta
2,29 (-1,63-4,85) y rpyni 3noposux oci6. Excripecis
reHa TLR4 y neiikouurax nauienris i3 XI'CO Oyna
3HIDKeHa B ~5,9 pa3a y MopiBHAHHI 3 KOHTPONBHOIO
IpyTIOLO, i sl Pi3HULA BUABUIIACA CTATUCTUYHO 3Ha-
gymoro (P =0,01).

Knio4oBi cnoBa: XpOHIYHHMN THIAHWIA
cepenHiil OTHT, eKcrpecis reHis, peuentop TLR4.
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the TLR4 pathway in CSOM patients.
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Central Ethics Committee, SDUAHER, Kolar

To:

Jagadish T. V.

Ph.D. Scholar.

Department of Cell Biology and Molecular Genetics
SDUAHER

Tamaka, Kolar.

Subject: Ethical clearance for the Ph. D Synopsis

The Central ethics Committee of Sri Devaraj Urs Academy of Higher
Education and Research, Kolar has examined Ph.D Synopsis titled
“Studies on Genetic and Immunological Factors in Chronic Otitis
Media with Special Emphasis on Toll-Like Receptor 4 Pathway” and
the detailed work plan of the project.

The central ethics commiittee has unanimously decided to approve the
project and grant permission to investigator to carry out the research
work. The interim and final report has to be submitted to the ethics
committee after completion of the project for the issue of Ethical
clearance certificate. Principal investigator should maintain the records
of the Project and consent form for not less than 5 year from the date of
completion or termination of the project.

Mege{%fg man

Chairman
(Dr. TN Suresh) (Dr. Kiran Katoch)
Chairman
B MEMBER SECRETARY Central Ethics "ommittas
..NTRAL ETHICS COMMITTEE Sri Devar jLis cademy of

Higter Educa‘iun and Ressarch,
Temaka Kolir-5€3i01,
TAMAKA, KOLAR 504 191



Proforma

Proforma: CSOM

PROFORMA Chronic Suppurative Otitis Media
Name: Age (y):
IP/HP No: Phone No:
Address: Gender Male /Female

Otologic history

ENT

Examination

Right

Left

Pinna

Pre-auricular

Post-auricular

EAC

™

Duration of
disease

Affected Ear

Unilateral/Bilateral

Type of ear
discharge

Purulent Mucoid

Bloody Clear watery fluid Foul smelly

Other symptoms

Diminished
_ URIs
hearing

Itching | Tinnitus Pain Vertigo

Site of

perforation

Anterior

Posterior Central Inferior Superior

Hearing loss on Pure tone audiometry

Normal

Mild conductive

Severe conductive Sensoneural hearing loss

Nature of a

disease

Cholesteatoma

No Cholesteatoma




Proforma

Proforma: Control

Name

Age (y)

Gender oM oF

Contact number

Address

Sampling details

Amount of blood collected

Date of collection

Time of sampling
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PART I: PATIENT INFORMATION SHEET

Name of the project: Studies on Genetic and Immunological Factors in Chronic
Suppurative Otitis Media with Special Emphasis on Toll-
Like Receptor 4 Pathway

Name of the PI: Jagadish T.V.
Name of Organization: Sri Devaraj Urs Academy of Higher Education and Research,
Tamaka, Kolar.

Chronic Suppurative Otitis Media is a disease of the middle ear occurring due
to infection. Pus formation, inability to hear properly, and feeling of fullness in the ear
are the main symptoms of this disease. This disease is commonly occurring in children
and may continue into adulthood. The purpose of this study is to analyze the role of
TLR4 gene pathway in the development of Chronic Suppurative Otitis Media. This
pathway has been shown to be linked to the disease in experimental animals as well as
in twin studies in humans. The results from this study will tell us whether changes in
defects in the immune system are responsible for chronic otitis media. It may also help
in studying the genetic basis of this chronic middle ear infection
Participant selection: Patients of both sexes, suffering from Chronic Suppurative
Otitis Media in the age group 18-60 years, who are willing to participate in the study
and give their Informed Written Consent, will be included in the study.

Voluntary Participation: Your participation in this study is entirely voluntary. There
is no compulsion to participate in this study. You will be in no way affected if you do
not wish to participation in the study. You are required to sign only if you voluntarily
agree/permit to participate in this study. Further you are at a liberty to withdraw from
the study at any time. We assure that your withdrawal will not affect your treatment by
the concerned physician in any way.

Procedure: We will be collecting a small volume of blood (3 ml) from your arm using
sterile and disposable needle and syringe. The sample will be used to determine the
genetic make-up by a method called DNA sequencing also, the sample will be used for
certain properties of innate immunity. Clinical and family history will also be recorded
and it is necessary.

Duration: The study will continue for about 3 years.

Risks: No drug will be tested on you. Three ml of blood will be collected using sterile

and disposable needle and syringe. Standard of care for the treatment of Otitis Media
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will be given to patient (yourself) irrespective of your decision to enroll or not in the
project.

Benefits: This study will be useful to understand the relationship between
immunological and genetic make-up in Chronic Otitis Media patients and compared
with healthy individuals not suffering from the disease nor having any H/O the disease.
The results gathered from this study will be beneficial in management of the disease.
Participation in this study does not involve any cost for you.

Storage of samples: The samples collected from you will be stored for future research
projects on Otitis Media at the University in anonymized way. In such an event, ethics
clearance will be obtained.

Confidentiality: All information collected from you will be strictly confidential & will
not be disclosed to anyone except if it is required by the law. This information collected
will be used only for research. This information will not reveal your identity.

Sharing the Results: The results obtained from this study will be published in scientific
/ Medical Journals/ Medical conferences.

For any information you are free to contact investigator. This study has been approved
by the Institutional Ethics Committee & has been started only after their formal
approval. The sample collected will be stored in the institute and | request you to permit

us to store and use this sample for any future study.
This document will be stored in the safe locker & a copy given to you for information.

For any further clarification you are free to contact the following researchers:

Dr. Prasad K.C. Jagadish T. V.
Professor Ph.D. Scholar
Dept. of ENT Dept. of CBMG
SDUAHER, SDUAHER,
Tamaka, Kolar. Tamaka, Kolar.

Mobile: 9448528729. Mobile: 8892698143
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PART I1: INFORMED WRITTEN CONSENT FORM FOR CASE GROUP

Name of Participant (Patient/\VVolunteer):

e This research study has been explained to me; | have been given the chance to
discuss it and ask questions. All of my questions have been answered to my
satisfaction.

e | understand that this research project involves my. (In case of patient only)

e | have read each page of Patient Information Sheet or it has been read to me.

e | agree to allow access to my health information as explained in the patient
information sheet. (In case of patient only)

e | agree to allow collection of my 3ml blood sample and health data for the
research purposes explained in the Patient Information Sheet.

e | understand that all the information collected will be kept confidentially.

e | voluntarily consent to take part in this research study.

Participant’s (Parent/guardian) signature or thumb impression

Date:

If the person providing the consent is illiterate:

A literate witness must sign (if possible, this person should be selected by the person
providing the consent).

| have witnessed the accurate reading of the consent form to the potential participant,
and the individual has had the opportunity to ask questions. | confirm that the individual
has given consent freely.

1) Name of witness

Signature of witness Date:

2) Name of witness

Signature of witness Date:

A copy of this ICF has been provided to the participant.

Name of person taking the consent




Patient Information Sheet and Written Informed Consent

Pon 1: B,336 HodS BreAad Sedd B3,

BT 3eded: Degezo0nd 3oh endBT tleee MyES ¥ 3Zohab eHed
BPDY DA B3TZo DI, WOINY VTS

N03ReR30 BID: B3 3. .

ﬁoﬁ@cﬁo BID: 3 BeSo0F TF ZeBD e8g° emr\; 3 386 DA VoTReFV9
S, Sz, Beesdd

De ST 30D VO3B dncjzsd)d) z?:cf)ojomcﬁ25 rARIala) K’iraeosaig( WP ORT.
3¢V, ION BeRIBRFUINT D) 3o BV BN B Teend Bway
oganw. B deei TSN DIYY o WDTT DR BB
SOOI, B BT OHIT VFed TBT SreBONFWFIZR0RD Derrzed
3dad  oLOE TP T  WNBYoDY TLR4 IP0D BEZT  FIZIY,
ZoRDBPQBeD. ©90leeNs TdNPOI Trendeodnt Torie oIITY 3P
BOHIBY S5 DeneI, TowdETIING Q0w FpeOJUNT. B g ohIDT
@30z SBIDORT WBUBHAY DewFzed 3Iab HLOWBH 5908 oBriwd
Q0T I FSDHIT. B Degrrzdes WP D 3c) [WpeodS BT3B BEOBY
0 SPRYTR VW FTDITRD.

PNSHRTIIT 30d),: DoY) 18-60 J@f I IITY) Degrsed 30 VOIS
SFDRT WFWEDHS ad@e doriny deeNnw), VB eHSBY wetdnden =)
3D, Seb30dn3 2TH I3, Aerde AFOHIT DB TDH I, SWBEBWY,
I, 30D, BEDER0T I03T FeDJTHRITD.

%,00083,03 PonBoabIB: 85 FOHIBY D, rSobIZod Jogpeseon
Q,0h083,e0BeNT. 85 LFADITO  worishbIew obePde wTAWAY. D)
F0HIBY i WALIBFT ey ardTe dedohd @Omd DehIOY.
8 OFobITY WorabIew e B,0hodsedB0T  WwATT/DEDS BT
o3 ey T DBeBDHTT. VBVT ey Weyide SobBO 3 ahIVoT
»od SO mﬁo@éd@ﬁae& WD), DowTeSady JoworHey &;3008 D,
3330 DeeS abveYde OedohY) OB VeDPHDY 0T JeF YOI
edr3eas.

APR: A, B;A0T WTTT D) DTeBVBTT Jeed D) dD0esF wFTUrHIT
VYD a2 DOe BB, JorDBeds.. BIBODRY, B0 .0 ZE 202 ITSBOT
8DT0d3 e APEOTD D) F3TFa MEVFENTR), BoDHBaLL) WPITMHST.
3B D) DEDOWT BETITY) B SorfobBedS DB NS @rh3T.

3Q: JoZpeFIod e, & SR IBST




Patient Information Sheet and Written Informed Consent

TAR: A, De adreFe Ba’ddaﬂg( 20egTUMHPYDY. WTTT DA
DTIBVBTT e DF) 002 ¥ D DO TBEII JorITrd3T.
Le3e3" eBadre 2333 MeN Bawedod mmdaagdaig( BeeNR (Nex38) BTN,
eIt JeBFBRRS BT BODHT A, PSR, J3,3T.
B)03eeINWN: Degrsud  Leded’ dmcjém TreNNYY Teenddeeds DA
8DB0dZ  TEIFD SDIS  FowoPFBT, BPERBIRYD B OF0HIY
VBWBDNT DB Trendod WFWSDHT vFme wePYde ew/B deenS)
BRODTT  wdepe@od JINt TeDITT. B FohHI00T  JFor}@dT
20z003Mw  deeid  ASfdHE BodeeRITeddhdE. 8wl ahITO
NBHDIBAD i adreFdde SISy wPrieoBDIHDe.

o0y Feads: BIRE SoTpeFDe WeeRINIMN A, 83 @rerddbod

30700 S0BDod SAMPRY B pTNBD. BoBH JoBIETY, J;33 Jb,3
RS BEADTINDHITD.

393203MY Bowd: B BFAHINT SBTW FOT0TMW F325903 WP S;B;dead
AoBZOBNYO vime &3 dead IDgWSNYO FBE3erdBas. B @3 0habed Joy)
3o FODBY A, WwSDYDY; BB FODHIB AW, FHSITBIY o)
VBN DFDIeS. WFAHITO DodRPD AW, WAL DEoDEY T
AWERTE (IS

ool @reddeN el SALWITTRY, FoBBETLD dBHNDAED. B8 DI
00033 F;38 JD3AWoT BRIV LT DB BT BHwds DB eedIod
S03T B593) HToDTV,BT. OB om0, B, LaRE3 QD Foryearhycd
DD PIRE 0PoLSFN B B30I JorfeIw DI WY [Tt
DSV TR IF0SDBER.

B BB oY, BeB ReBT T, D) 363,83 3PV, RIS HTZB 53 T )
A FyedbdMeN Jedewed JBFOI[Q Jorj LT3 DIR), T AeSTed,N e
SYD, VoTdeTen BuBeveNdh3ed.

BYS FASTTYN ey 85 BYNT SoZRerdBTIY TomdeTen @wsoeNQed.

0.3, 3.3 2ridez €. ..
BBV elicanpRapRaly

Q. OFF. 3. QUL 3063 VeIDIY D) 3633 3PV, WUl
€303, BT, el et €323, BeeseT. Beed e

TYYUBOYL L. gyeoLevova




Patient Information Sheet and Written Informed Consent

ort 2: Fedb3ains B3B3 Mo WTB B, S BT,

DodRR),IBT BID (SeeNad / IJ,0hoRes3):
o T JoTRF OFODIT, I IBOTBUNT; VB W DA
BB NP Bevw IIN 0BBe3 QedwNd. S, oy FFNAIN I3 St
V30RINT.
o B J0TREFT 03,eeRT wYROBDBT 20T Foxd TrIToBBLoBTeS.
(BreNrt S503)
o TP deeNad Bedd B3 B3 RYWBIY, LOFES VBT IS LTSS,
o TreNad Sdd HoFahd JIBOIBoI IF wsdheer; Brb3aY, BSedJew
Jod ) 3e. (TreNrt Sye3))
o S 3 DO TBB w0 D) sdeed Sedbd JorjEsneN JodeedDo
eLZeBNeMeN BreNod Sredbd BT ITOTLD HDTSTLD TorD W) e
o JoDAB Uy WebIabI ME@eN RWIVIMDHID QoD TR
OBETBER0BTES.
o TR 85 FoTpeFT WTOLIBY woelR ¥ e 000 eBeE 0B Jeh, 3IeS.
DodRATIT BID (FpLRED) B WG BT rHDR

D003
©SZOBOr:  TZWTD T FeTeSed (TodQoBID  esal), Werle DI
RV0TREFV0 0BT YT BORBE QTTW).

QNSNS OIFOID B, B LI THHD Serefed. T JDFF I BE JeH, 3
SBRINY Fed3odhD), AwTwed 3PDDLBeS. B;00338 FF NV, Bevw VT3
BRODDBES. Ford S;0hdS BBTeN WA eBETYT 20w W3S BBIDHBES.

1) oagad BLx 2) Db BT -
SO DO
DF03: DF03:

85 DT wold TSI TeoALIES.
2T SIS SZab BID

AN SRDBRND B3 T D003:




Patient Information Sheet and Written Informed Consent

PART I: INFORMATION SHEET FOR CONTROL GROUP

Name of the project: Studies on Genetic and Immunological Factors in Chronic
suppurative Otitis Media with Special Emphasis on Toll-
Like Receptor 4 Pathway
Name of the PI: Jagadish T. V.
Name of Organization: Sri Devaraj Urs Academy of Higher Education and Research,
Tamaka, Kolar.
Chronic suppurative Otitis Media is a disease of the middle ear occurring due to
infection. Pus formation, inability to hear properly, and feeling of fullness in the ear
are the main symptoms of this disease. This disease is commonly occurs in children and
may continue into adulthood. The purpose of this study is to analyze the role of TLR4
gene pathway in the development of Chronic Otitis Media. This pathway has been
shown to be linked to the disease in experimental animals as well as in twin studies in
humans. The results from this study will tell us whether changes in defects in the
immune system are responsible for chronic otitis media. It may also help in studying
the genetic basis of this chronic middle ear infection
Participant selection: Normal healthy individuals in the age group of 18 -60 years will
be included after obtaining their informed consent for the purpose of comparison in the
study.
Voluntary Participation: Your participation in this study is entirely voluntary. There
is no compulsion to participate in this study. You will be in no way affected if you do
not wish to participation in the study. You are required to sign only if you voluntarily
agree/permit your participate in this study. Further you are at a liberty to withdraw from
the study at any time. We assure that your withdrawal will not affect your treatment by
the concerned physician in any way.
Procedure: We will be collecting a small volume of blood (3 ml) from your arm using
sterile and disposable needle and syringe. The sample will be used determine the genetic
make-up by a method called DNA sequencing also, the sample will be used for certain
properties of innate immunity. Clinical and family history will also be recorded and it
IS necessary.

Duration: The study will continue for about 3 years.
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Risks: No drug will be tested on you. Three ml of blood will be collected using sterile
and disposable needle and syringe

Benefits: This study will be useful to understand the relationship between
immunological and genetic make-up in healthy individuals not suffering from the
disease nor having any H/O the disease. The results gathered from this study will be
beneficial in management of the disease. Participation in this study does not involve any
cost for you.

Storage of samples: The samples collected from you will be stored for future research
projects on Otitis Media at the University in anonymized way. In such an event, ethics
clearance will be obtained.

Confidentiality: All information collected from you be strictly confidential & will not
be disclosed to anyone except if it is required by the law. This information collected
will be used only for research. This information will not reveal your identity.

Sharing the Results: The results obtained from this study will be published in scientific

/ Medical Journals/ Medical conferences.

For any information you is free to contact investigator. This study has been approved
by the Institutional Ethics Committee & has been started only after their formal
approval. The sample collected will be stored in the institute and | request you to permit
us to store and use this sample for any future study.

This document will be stored in the safe locker & a copy given to you for information.

For any further clarification you are free to contact the following researchers:

Dr. Prasad K.C. Jagadish TV
Professor Ph.D. Scholar
Dept. of ENT Dept. of CBMG
SDUAHER SDUAHER,
Tamaka, Kolar. Tamaka, Kolar.

Mobile: 9448528729. Mobile: 8892698143
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PART I1: INFORMED WRITTEN CONSENT FOR CONTROL GROUP

Name of Participant (Control /Volunteer):

e This research study has been explained to me; | have been given the chance to
discuss it and ask questions. All of my questions have been answered to my
satisfaction.

e | understand that this research project involves my blood sample.

e | have read each page of Information Sheet or it has been read to me.

e | agree to allow access health information as explained in the information
sheet.

e | agree to allow collection of my 3 ml blood sample and health data for the
research purposes explained in the Information Sheet.

e | understand that all the information collected will be kept confidentially.

e | voluntarily consent to take part in this research study.

Participant’s signature or thumb impression

Date:

If the person providing the consent is illiterate:

A literate witness must sign (if possible, this person should be selected by the person
providing the consent).

| have witnessed the accurate reading of the consent form to the potential participant,
and the individual has had the opportunity to ask questions. | confirm that the individual

has given consent freely.

1) Name of witness

Signature of witness Date:

2) Name of witness

Signature of witness Date:

A copy of this ICF has been provided to the participant.

Name of person taking the consent
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Appendix 11

(1) Master chart




Master Chart: CSOM

Master Chart

S. No Paltg nt Gender  Laterality d%ifgf}f,en perfmtion TLR:,\.mcoN i Tl:;z Cha:;;lo
1 oM1 Female  Unilateral 2 years Anterior 1.69 6.87 1.07 0.90
2 oM2 Female Bilateral 4 years Central 7.06 9.65 1130 0.87
3 OoM3 Male Bilateral 8 years Central 3.97 3.78 1154 042
4 OoM4 Male Unilateral 1 year Central 7.10 7.71 3.62 0.42
5 OM5 Male Bilateral 4 years Central 0.34 341 1.31 0.98
6 OM6 Male Bilateral 5 years Central 0.18 1.57 3.19 0.77
7 omM7 Female Bilateral 2 years Anterior 1.16 2.89 16.33 0.32
8 OoM8 Female  Unilateral 1 year Central 8.44 1155 1448 0.89
9 OoM9 Male Unilateral 2 years Central 2.71 2.35 0.73 0.34
10 OM10 Female Bilateral 4.3 years Anterior 2.45 1.39 0.99 0.84
11 Oom11 Female Bilateral 5 years Posterior 1.74 1.77 1.83 1.15
12 OM12 Female Bilateral 10 years Central 1.45 2.87 0.89 0.74
13 Oom13 Female  Unilateral 5 years Central 4.47 1.34 1.04 0.54
14 OoM14 Female  Unilateral 6 years Central 291 2.23 241 0.81
15 OM15 Female Bilateral 2 years Central 1.92 3.78 1.16 0.81
16 OM16 Female Bilateral 4 years Central 3.20 2.48 13.47  0.58
17 OoM17 Female  Unilateral 2 years Central 151 0.91 0.84 0.59
18 OoM18 Female  Unilateral 6 months Central 1.52 2.35 0.96 0.74
19 OoM19 Female  Unilateral 5 years Central 1.61 1.32 6.25 0.47
20 OoM20 Female  Unilateral 9 months Central 2.53 2.64 0.22 0.47
21 omM21 Female  Unilateral 1 years Posterior 4.26 2.89 2.92 0.58
22 omM22 Female  Unilateral 2 years Central 3.43 9.18 1.33 0.58
23 OoM23 Female  Unilateral 10 years Posterior 7.01 9.52 0.18 0.31
24 OoM24 Female  Unilateral 5 years Central 1.71 3.29 2.51 0.60
25 OM25 Male Bilateral 3 years Posterior 2.30 1.17 481 0.73
26 OM26 Female  Unilateral 5 years Posterior 2.10 2.20 3.00 0.86
27 om27 Female Bilateral 5 years Central 2.43 1.47 4.63 0.69
28 omM28 Male Bilateral 4 years Central 2.55 17.03 3.84 0.94
29 OoM29 Male Bilateral 2 years Posterior 2.14 2.16 5.48 0.86
30 OM30 Male Bilateral 5 years Central 1.82 2.14 3.93 0.92
31 OMm31 Male Bilateral 6 years Central 2.20 3.29 5.04 0.87
32 OoM32 Male Bilateral 4 years Anterior 1.33 1.12 5.43 0.66
33 OM33 Female  unilateral 1 year Posterior 1.55 1.06 2.12 0.51
34 OmM34 Female  Unilateral 2 years Posterior 1.36 1.25 1.44 0.34
35 OM35 Female  Unilateral 2 years Central 4.23 1.41 2.25 0.83
36 OM36 Female Bilateral 6.5 years Central 1.82 2.50 1.26 0.65
37 OoMa37 Male Bilateral 3 years Central 3.01 6.16 5.13 0.31
38 OoM38 Male Bilateral 3 years Central 1.26 1.55 2.85 0.19
39 OoM39 Female Bilateral 2 years Posterior 2.60 1.20 0.45 0.23
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OM40
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OM50
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OM53
OM54
OM55
OM56
OM57
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OM61
OomM62
OM63

Female
Male
Male
Male

Female

Female
Male
Male
Male
Male
Male

Female

Female
Male

Female
Male
Male
Male

Female
Male
Male
Male

Female
Male

Unilateral
Unilateral
Unilateral
Unilateral
Unilateral
Unilateral
Unilateral
Unilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral

Bilateral

6 months
1 years
1.5 years
6 years
8 months
2 years
1.5 years
2 years
7.5 years
8 years
4 years
6 years
2.5 years
4 years
6 years
6 years
4 years
6 years
7 years
6.5 years
4.5 years
2 years
7 years

5 years

Central
Central
Central
Central
Central
Anterior
Central
Central
Central
Central
Anterior
Posterior
Central
Posterior
Anterior
Central
Central
Central
Central
Central
Central
Central
Posterior

Central

411
3.25
3.36
2.23
1.56
111
1.18
1.80
1.73
6.96
2.23
1.96
5.03
2.57
2.81
11.24
2.95
2.23
2.38
4.17
4.38
3.14
1.97
3.23

Master Chart

10.34
1.51
1.22
1.83
2.89
5.86
6.82
7.16
2.08
3.70
5.74
8.82

37.27
1.30
2.01

1111
3.12
1.65
1.83
7.31
2.66
2.16
2.79
2.57

1.35
3.88
0.49
1.03
1.19
0.73
1.62
1.47
3.73
0.97
0.95
11.45
1.04
1.12
1.02
0.62
3.81
1.82
0.14
1.14
0.41
4.77
8.08
12.29

1.07
0.57
0.34
0.26
0.49
0.74
0.85
0.62
0.37
0.73
0.94
0.20
0.35
0.54
0.32
0.33
0.64
0.19
0.53
0.58
0.37
0.51
0.55
0.51




Master Chart

Master Chart: Control

s No  Controls oo TLR4 NFkB TNFa IL-10
ID 21-(AACH Fold change

1 OC1 Female 1.24 1.64 1.02 0.74
2 0C2 Female 1.04 127 0.07 0.90
3 (o]ex] Male 1.22 1.39 2.33 0.87
4 OC4 Male 1.88 129 3.01 0.84
5 0OC5 Male 1.55 121 7.35 0.76
6 0C6 Male 1.05 2.58 217 0.50
7 ocC7 Female 1.95 4.47 0.74 0.42
8 0oCs8 Female 1.62 0.91 4.08 0.68
9 0C9 Male 1.02 122 0.15 0.76
10 0OC10 Female 1.73 1.46 11.78 0.35
11 OC11 Female 1.48 1.67 2.20 0.72
12 OC12 Female 1.42 1.74 0.35 0.18
13 OC13 Female 3.14 1.08 0.44 0.71
14 0OC14 Female 1.92 1.74 3.45 0.81
15 0OC15 Female 2.16 1.14 5.05 0.64
16 OCl16 Female 2.35 3.12 245 0.74
17 OoC17 Female 2.17 0.48 0.50 0.86
18 0OC18 Female 1.37 0.99 1.19 0.99
19 0OC19 Female 1.92 3.16 0.43 0.97
20 0C20 Female 2.01 291 4.54 0.92
21 0oC21 Female 1.97 1.39 2.88 0.75
22 0C22 Female 3.05 0.86 0.99 0.97
23 0C23 Female 1.84 1.13 1.20 1.00
24 0C24 Female 1.37 0.43 111 0.98
25 0C25 Male 1.10 0.68 0.94 0.67
26 0C26 Female 1.61 1.33 10.38 0.87
27 0ocC27 Female 0.93 0.88 1.48 0.87
28 0C28 Male 1.60 21.11 0.99 0.97
29 0C29 Male 0.83 0.33 213 0.86
30 0C30 Male 0.95 2.81 0.82 0.83
31 0OC31 Male 0.54 1.39 1.03 0.49
32 0C32 Male 0.86 0.48 0.86 0.98
33 0C33 Female 1.37 0.67 0.40 0.89
34 0C34 Female 4.82 0.89 1.94 0.98
35 0C35 Female 2.55 1.58 0.62 0.95
36 OC36 Female 0.89 0.67 0.87 0.52
37 0C37 Male 151 5.17 3.96 0.26
38 0C38 Male 2.06 4.00 1.68 0.28



39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

0OC39
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Female
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Male
Male
Female
Female
Male
Male
Male
Male
Male
Female
Female
Male
Female
Male
Male
Male
Female
Male
Male
Male
Female
Male

2.03
2.28
1.41
1.32
1.36
0.99
1.13
0.93
2.03
1.88
7.06
2.25
2.87
1.30
1.36
1.18
8.00
1.89
1.52
2.16
1.55
1.43
1.22
0.88
1.39

4.44
1.80
1.03
1.06
3.36
1.38
141
1.38
3.12
1.09
0.33
2.17
1.37
1.35
0.47
191
3.05
2.16
1.87
2.27
0.24
0.21
1.19
3.16
1.36

1.94
2.00
111
1.03
13.93
431
0.60
211
1.15
1.69
1.01
2.17
1.13
1.41
2.00
471
0.50
1.71
481
2.02
4.10
2.96
1.29
1.59
2.66

Master Chart

0.45
0.88
0.62
1.08
0.77
0.62
2.05
0.26
0.54
0.85
0.78
0.95
0.78
0.90
1.88
0.34
0.90
0.62
0.60
0.84
0.71
0.90
0.69
0.63
0.59
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ABSTRACT Bacterial infection of the middle ear is a common problem, which is cleared by an immune
response referred to as Acute Otitis Media (AOM). The acute response resolves its own, except in a
subset of patients who experience progression into chronic suppurative otitis media (CSOM). The chronic
response results in inflammatory damage to the middle ear. Uncontrolled inflammation in CSOM has
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10. Recommendations

» This study highlights the importance of the TLR4 pathway in the

pathogenesis of CSOM.

> Future studies may need to explore the TLR4 pathway for developing drugs

that can mitigate the inflammatory damage in CSOM.
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