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Abstract

Toll-like receptors (TLRs) play an important role in pathogen detection
because they selectively attach to different microbial species, triggering both
innate and adaptive immune responses to infections. Since their discovery, a
growing body of evidence suggests that TLRs play an important role in
retroviral infection and disease progression. The investigations show that many
Toll-like receptors (TLRs) play a role in the immune response to retroviruses.
Furthermore, the interaction of retroviruses and TLRs may have complex and
diverse impacts on the infection. Although there has been improvement, many
questions remain about the role of TLRs in retroviral infection. This chapter
gives a succinct review of current knowledge about the interactions between
TLRs and retroviruses, as well as the specific roles these receptors play in
immune response and disease development, with a focus on the human
immunodeficiency virus (HIV).
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1. INTRODUCTION

Study of human immunodeficiency virus (HIV) was initiated in 1981
with identification of rare opportunistic infections (OIs) Pneumocystis
jirovecii pneumonia and cancers in young homosexual men of United States
(1). Since these infections resulted in gradual breakdown of host immune
system, Centers for Disease Control (CDC) in 1982 coined the term “acquired
immune deficiency syndrome” (AIDS). Researchers believe that this virus was
transmitted to humans from different primate species and was present in
isolated population groups years before this epidemic began. As the situation
changed people moved more frequently, and preferred advanced cities. This
also led to change in their lifestyles and sexual behavior pattern. All this
provided a favorable environment for the virus to spread through sexual
intercourse and contaminated blood. As AIDS affected large numbers of
individuals and resulted in several deaths, it becomes imperative to search for
its causative agent. In 1983 two independent research groups identified human
T-lymphotropic virus-111 (HTLV-II1) and lymphadenopathy-associated virus
(LAV) as the causative agents of disease and belong to the lentivirus family
which is a part of larger group known as retrovirus (2, 3). Subsequent research
revealed that two viruses (HTLV-IIl and LAV) discovered as the causative
agent of AIDS were similar and thereafter renamed as HIV in 1996 (4).
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The AIDS epidemic is characterized by remarkable heterogeneity of HIV
infection after exposure and in the clinical course of the disease. Despite natural
variability in disease progression, HIV infection proceeds in 3 distinct stages:
1) acute primary infection, 2) asymptomatic phase, 3) symptomatic phase and
progression to AIDS. During AIDS development, hosts become susceptible to
a variety of Ols caused by diverse range of microorganisms (5). Tuberculosis
(TB) is the foremost and commonest Ol, complicating the course of HIV-
infection (6). It has been observed that, out of the large number of people
exposed to M.tuberculosis, only 30% acquire TB infection and the remaining
70% remain uninfected. Of these 30% infected individuals, 10% develop
active TB disease (i.e. primary disease) while in the remaining 90%, the
infection is contained by the host defense system (7). The presence of TB
bacilli within the host in dormant or non-replicating state is known as latent
tuberculosis infection (LTBI) (8). Individuals with LTBI are asymptomatic,
without any radiographic and bacteriological evidence of TB disease,
however, resuscitation promoting factors can reactivate the dormant bacteria
(9). It is not necessary that TB only occurs during the advanced stage of
HIV-infection, compelling evidence has indicated that it may develop at any
stage of immunodeficiency, even when host CD4 cell count is high (10). HIV
infection not only acts as the most important predisposing factor for LTBI
reactivation and progression to clinical TB but also influences the outcome
and presentation of TB in the host. Similarly, TB activates the host immune
system, enhances HIV replication, and alters the natural history of HIV.

These findings reveal that inter-individual variability exists in
susceptibility, transmission, and progression to HIV-infection. It has also been
reported that AIDS patients exhibit variability in responsiveness to
antiretroviral drugs (11, 12, 13). Therefore, beside precise knowledge of HIV
transmission, replication, and disease pathogenesis, it is imperative to define
and understand factors which significantly contribute to variability of HIV-
infection at clinical, immunological, and virological level. This information
will significantly aid in combating HIV/AIDS through development of
preventive and therapeutic strategies and will also guide the clinical
management of HIV and HIV-TB co-infected patients (14). Studies have
demonstrated significant correlation between elements of immune system and
susceptibility towards various infections and disease progression. It is well
known that immune response of the host contributes towards host-pathogen
interaction/host virus- crosstalk. Organisms are frequently exposed to
infectious pathogens/agents and in most cases the host escapes the infection
and survives. This is possible because organisms can discriminate between self
and non self which is an integral function of the human immune system (15).
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The human immune system is broadly classified into innate and adaptive
Immune systems. The innate immune system is evolutionary, more ancient, and
acts as the body’s first line of defense against foreign antigens (16). Definite
work on innate immune system led to remarkable discovery of highly skillful
phylogenetically conserved family of proteins known as pattern recognition
receptors (PRRs). PRRs had the ability to identify specific pathogen-associated
molecular patterns (PAMPSs) (17). The most potent of all PRRs which play a
central role in innate immune system are toll-like receptors (TLRs). To date,
13 TLRs (TLR1-TLR13) have been identified in mammalian species, these
includes 11 TLRs found in humans (18). TLRs are expressed on a wide variety
of cells (immune cells like -macrophages, dendritic cells, B cells, T cells and
non-immune cells like - fibroblast, epithelial cell) tissues and organs including
lymphoid organs. Some TLRs are expressed extracellularly on cell surface
(TLRs 1, 2, 4, 5 and 6) while others (TLRs 3, 7, 8 and 9) are intracellularly
(19). TLR10 gene is mostly expressed in lymphoid tissues such as spleen,
lymph node, thymus, and tonsils. TLR11 is expressed in macrophages and
dendritic cells. The exact function of TLR10 and TLR11 gene is still not known
in humans. Several studies have demonstrated that innate immune response
plays an important role in HIV disease pathogenesis, disease progression and
susceptibility to TB (20, 21). The key component of the innate immune
system, TLRs are responsible for activating the signaling pathway which
regulates HIV replication and disease progression. In other words, the latent
and chronic stages of HIV infection are dependent on TLR mediated pathways
(22).

2. HISTORICAL BACKGROUND: DISCOVERY AND ORIGIN OF
HIV

Several theories have been put forward to explain the origin of HIV but
none of these have found universal acceptance to date. Retrospective analysis
of blood suggests that earliest known case of HIV was from the blood sample
collected in 1959 from a man in Kenosha, Democratic Republic of Congo. On
genetic analysis of this positive blood sample, it was discovered that HIV-1
must have started disseminating in the late 1940s or early 1950s. However,
historically, the study of HIV/ AIDS was started much later, about 30 years
ago in 1981, when unexplained presence of rare and unusual diseases like
Kaposi sarcoma, Pneumocystis jirovecii pneumonia and persistent
lymphadenopathy were discovered among young and previously healthy,
homosexual men of New York and California (1). It was observed by
clinicians that these patients slowly become immune-deficient and succumb to
other rare Ols caused by various pathogenic micro- organisms such as
Toxoplasma gondii, Mycobacterium avium, Cryptococcus neoformans and
developed flu like symptoms. As the virus spread, disease that was already in

560 |[Page



E-ISBN: 978-1-68576-521-7

existence albeit with a low and passive form became an epidemic, which was
highly lethal. In that first year, over 1600 cases were diagnosed with around
700 deaths.

The first antigenic variant of HIV also known as HIV-I was discovered
in 1986 and the other variant known as HIV-2 was discovered later (23, 24).
Although the sequence homology between two HIV variants is approximately
45%, but they appear to cause clinically indistinguishable AIDS. Their
distribution indicates that HIV-2 is less easily transmitted and therefore, HIV-
1 is more predominant worldwide. HIV-2 type is mainly concentrated in West
Africa and rarely discovered elsewhere.

3. HIV EPIDEMIOLOGY

Global HIV Burden: Worldwide estimates have projected that at the end of
2022 there were 39 million [33.1 million-45.7 million] individuals living with
HIV, where 1.3 million [1 million — 1.7 million] people become newly infected
with HIV in 2022. Globally, HIV prevalence among adults (age 15-49) was
0.7%. However, median prevalence was higher among key population, 2.6%
was sex workers, 7.7% was gay men, 5% people indulged in injecting drugs,
10.3% among transgenders, and 1.4% among people in prisons. The number of
deaths occurring due to AIDS-related causes was reduced by 69% since the
peak in 2004 and by 51% by 2010. In 2022, around 630 thousand [480 thousand
— 880 thousand] people died from AIDS related issues (25).

HIV burden in India: According to the National AIDS Control Organization
(NACO) report 2023 India accounts 2.4 million cases till 2022, where 45.8 %
reports in women only and 68000 were children’s, age ranging 0 years - 15
years. AIDS related mortality in India accounts 42000 in 2022. Among the
entire population of individuals living with HIV/AIDS (PLWHA), 3.4% of them
were children, while around 44% of the total PLWHA who 15 years (26).

4. HIV GENOME AND PATHOGENESIS

Structure and Genome of HIV: The structure of HIV differs from other
retroviruses. It is spherical with a diameter of about 120 nm (27). HIV genomes
consist of two copies of single-stranded ribonucleic acid (RNA) which codes
for nine viral genes. The genetic material is enclosed by capsid made up of
viral protein p24 (28). The single -stranded RNA of virus is tightly bound to
nucleocapsid proteins named p7, and several other enzymes. These enzymes
(reverse transcriptase, proteases, ribonuclease and integrate) are required for
the formation of new virions. Another layer or matrix composed of viral protein
p17 surrounds the capsid and helps in maintenance of virus integrity. Matrix in
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turn is surrounded by another covering known as viral envelope, made up of
two layers of fatty molecules called phospholipids. A virus acquires
phospholipid envelope from the cell membrane of a host cell during budding.
Host cell proteins including 70 copies of HIV protein lie embedded in the virus
envelope. This complex HIV protein known as Env is made up of three
glycoprotein (gp) 120 molecules and a stem made up of three gp41 molecules
respectively. This env protein helps the virus in attaching the host cell and
initiating the infectious cycle. The env protein (gp120) serve as the target
molecules on which future research such as development of new drugs and
vaccines against HIV is being focused (29).

HIV Replication and Life Cycle: The HIV replication cycle can be
summarized in nine steps: i) binding and fusion to receptors, ii) infection and
viral penetration, iii) reverse transcription, iv) provirus integration, V)
transcription and viral protein synthesis, vi) assembly vii) budding, viii)
cleavage of immature virions from host cell surface, ix) maturation. The viral
entry process involves binding of gp120 to CD4+ T-cells, particularly which
induce conformational changes to create, expose or stabilize the coreceptor,
conformational changes in the Env protein, and activation of gp4l. Fusion of
the viral membrane with target cell membrane is mediated by exposing and
extending the gp4l fusion peptide, allowing it to insert into the plasma
membrane of the target cell.

Viral capsid is released into the cell during the process of viral entry and
lipid envelope remains left in the lipid bilayer of the host. This process is
followed by reverse transcription of the viral genome into complimentary DNA
(cDNA) using cellular lysine tRNA molecule as a primer (30). The
degradation of RNA template by the nuclease activity of the RTase facilitates
the movement of cDNA inside the nucleus. This nuclear entry is mediated with
the help of Vpr and Vif accessory proteins. The viral cDNA integrates to the
genomic DNA with the activity of integrase.

5. HIV PATHOGENESIS

Modes of Transmission: The principal modes through which HIV is
transmitted are unprotected sexual contact, transfusion of infected blood (in
hemophiliacs etc.) and blood derived products. However, transmission also
occurs through infected syringes (in intravenous drug users, health care workers,
nurses, and doctors) and infected mother to child transmission during pregnancy
or delivery or breast feeding. Thus, it has been concluded that various body
fluids such as blood, semen, vaginal fluid, breast milk, cerebrospinal fluid
(surrounding the brain and the spinal cord), synovial fluid (surrounds bone
joints) and amniotic fluid (surrounding the fetus) facilitates viral transmission.
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HIV is also found to have various other secretions such as saliva, sweat and
urine but in very low amounts and to date there are no recorded cases of
transmission through these secretions.

6. HIV DISEASE PROGRESSION OR CLINICAL COURSE OF
HIV DISEASE

HIV infection is characterized by CD4 T-cells depletion and reduced
naive cell number, inverted CD4:CD8 ratio, decreased thymic output, altered
cytokine profile, increased susceptibility to activation induced cell death and
development of Ols. Although, inter individual variability exists, in spite of
that disease progression mainly proceeds through three different routes:1) acute
primary infection, 2) asymptomatic phase, 3) symptomatic phase and
progression to AIDS as described earlier. The disease progression among
HIV-positive is basically monitored through CD4+ T-cell count estimation.

Acute Primary HIV Infection: It is the earliest detectable stage of disease,
which occurs in approximately 87% of HIV-infected subjects, develops its
symptom 2-6 weeks following infection. This stage of infection is
characterized by mononucleosis like illness (31, 32). The symptoms include
fever, fatigue, lymphadenopathy, headache, and rash (33). This stage is
associated with high levels of HIV viremia, decreased peripheral CD4 T-cell
count and transient immunosuppression. This stage of infection resolves after
a few days or weeks and levels of HIV-1 infection dramatically reduce in the
blood. This is followed by seroconversion, with antibodies directed towards
different HIV-1 protein. This infection is more rapid and severe in rapid
progressors.

Asymptomatic Phase: This phase is clinically quiescent and may last for
several years with very little evidence of active TB. There is slow and
persistent change in CD4+ T-cell count and PVL and a stage of equilibrium is
achieved between virus replication and immune response generated by the
host. CD8 T-cells remain slightly elevated during this stage of infection. CD8
cytotoxic T- cells suppress viral propagation. Degree of viremia during this
stage of infection predicts disease progression.

Symptomatic Phase and Progression to AIDS: This stage is associated with
active virus replication and rapid decline of CD4+T-cell count (34). Virus
replication in lymph node destructs lymphoid tissue architecture. Virus
isolates are highly cytopathic and have high replicative potential. Clinical
manifestation includes fever, weight loss, diarrhea, enlarged lymph node,
fatigue and night sweats. Leukopenia, thrombocytopenia, anemia, increased
serum immunoglobulins and absence of delayed type hypersensitivity (DTH)
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are also common during this phase. PVL of patients is inversely related to
CD4+T- cell count in chronic HIV infection. Profound irreversible
iImmunologic suppression rapidly progresses towards various Ols and
development of AIDS.

CDC has stated that AIDS will be diagnosed in an individual by one of
the AIDS-defining conditions or if the CD4+T-cell count estimation is <200
cells/pl. Individuals having CD4+T-cell count <200 cells/ul progress to AIDS
at least 2-years earlier in comparison to those having clinical symptoms and
develop Ols. Survival of any individual infected with HIV after progressing to
AIDS depends upon development of AIDS-defining events (35, 36).

7. VARIABILITY IN HIV DISEASE PROGRESSION

HIV infection results in progressive decline of CD4 T-cell numbers, T
cell dysfunction, thymic dysfunction and defects in (number and function of)
antigen presenting cells such as dendritic cells and monocytes. Large numbers
of variations are seen in different HIV- infected patients. It has been observed
that without therapeutic interventions, majority of HIV-infected patients (70-
80%) progress to AIDS after 8-10 years of latency, however, a small
percentage of patients (10%) progress to AIDS within 3 years of infection are
known as rapid progressors (37). There are about 5% of individuals who
remain asymptomatic for a very long period (more than 10 years), even in
absence of treatment (38). These patients maintain low viremia and normal
CD4 T-cell count and are termed as long term non progressors (LNTP). This
variability in disease progression rate may be accounted for by several factors
related to immunological, virological and host genetic aspects. More
researchers are warranted to investigate the predictors which lead to inter
individual variability in HIV disease progression.

8. GENETIC CROSSTALK: HIV/ AIDS

The Immune System: Immune system is composed of amazingly complex
group of organs which collectively resist the host from infections caused by
bacteria, parasite, fungus, viruses, environmental toxins, and various other
potential threats through specialized defense mechanism (15).

The immune system has evolved in such a manner that it can
differentiate between “self” and “non-self”. It is broadly classified into an
innate and adaptive immune system (39, 40). The innate immune system acts
as the first line of defense against pathogenic microorganisms and is non-
specific in nature. The innate immune system generates immediate immune
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response against foreign antigen, which is mobilized within seconds to
minutes of pathogen invasion.

On the other hand, adaptive immune system mediates a more
specialized delayed type of response against those foreign antigens which are
not eliminated by innate immune system and is more specific in nature. In
contrast to the innate immune system, the adaptive immune system takes time
(from days to weeks) to respond against foreign antigen, in other words it
generates delayed type response (41). Adaptive immune system on interacting
with infectious microorganism activates, proliferates, and creates potent
environment to eliminate the pathogen. It is mainly present in vertebrates and
has the characteristic of developing immunological memory due to which
individual is protected from reinfection by the same pathogen (41). Due to
possession of immunological memory adaptive immune system plays an
important role in vaccine development (9, 42, 43). Both innate and adaptive
Immune systems are composed of a variety of cellular and humoral
components and generate inflammatory response against foreign antigens (44).
The highly evolved adaptive immune system is composed of B and T
lymphocytes which identify foreign antigens using the T-cell receptors (TCRS)
and immunoglobulins (41). It is basically composed of physical epithelial
barrier, macrophages, and dendritic cell, specialized lymphocytes known as
natural killer cell and plasma proteins.

It has been realized that immune system activation against these
microbes is hierarchical as it has been carried out for centuries. These
observations raised the question in the mind of individuals how all these
microbes are perceived as foreign antigens or “non-self” by the immune
system of the host. However, by this time it was quite evident that in all
biological systems recognition of invading pathogens/microorganisms were
carried out by the receptors. Therefore, researchers were forced to think that
the immune system contains certain receptors which can perceive the
molecules of microbial origin. It was discovered that both innate and adaptive
immune systems have receptors used for recognizing foreign antigens and
initiating signaling pathways in response to eliminate the pathogen. It was
discovered that adaptive immune system had clonal B-cell receptors (BCRs or
soluble antibody) or TCRs to recognize specific pathogen. This triggered the
search for receptors within the innate immune system and led to the discovery
of PRRs. It has been well established now that innate immune system besides
traditional immune cells contains highly skillful components known as PRRs.
These PRRs play a central role in innate immune system and can identify and
discriminate different classes of invading pathogen through PAMPs. These
PRRs generate a series of immune reactions or signaling pathways in response
to invading foreign antigen to eliminate the pathogens. It has been observed
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that PRRs get activated on sensing the invading pathogen and activates the cells
of innate immune system which quickly accumulate at the site of infection (45)
resulting in inflammation. This makes innate immune system respond quickly
and immediately against invading pathogen while adaptive immune system
does not receive signal from pathogen directly, rather it mediates delayed type
response against foreign antigen only when it is directed by the activated innate
immune system. Earlier not much importance was given to the innate immune
system, however, the discovery of PRRs have renewed interest in further study
of this system (42).

9. IMMUNE CORRELATES OF PROTECTION

Toll - Like Receptors: The innate immune systems of vertebrates are endowed
with special components known as PRRs. These are prototypical innate sensing
receptors which have the capability to recognize and discriminate between
different classes of microbes through conserved PAMPSs. In response to
invading foreign antigen PRRs initiates antipathogen defense mechanism in the
form of series of reactions to protect the host from pathogenic microorganism. It
has been indicated that TLRs are the most potent family of all PRRs. TLRs
belongs to the ancient super family of proteins and this super family also
includes proteins found in plants and invertebrates. The first TLR discovered
was TLR4 which was found homologous to toll receptor of Drosophila and
therefore it was named after it. Later, several other proteins, structurally and
functionally similar to toll receptor of Drosophila and capable of recognizing
conserved microbial structures were discovered and helped in creating TLR
family.

TLRs are type-I transmembrane proteins and to date 13 TLRs have been
discovered in mammals and 11 in humans (46). TLRs basically have
extracellular domain made up of LRRs and cytoplasmic tail that consist of
another conserved toll/IL-1 receptor (TIR) domain which is homologous to
interleukin-1 (IL-1) receptor (47). TLRs are the key component of immune
system and by their virtue host is able to sense the invading microorganism
(48). TLR on recognizing conserved PAMPS and on binding with specific
ligand gets activated. This causes recruitment of adaptor protein near TIR
domain and triggers complex signaling cascade leading to series of reactions
caused by activation of transcriptional factors and cellular activation. The
transcriptional factors or genes activated principally encode proinflammatory
cytokines, chemokines, and various co-stimulatory molecules responsible for
inflammatory reactions. These reactions play a crucial role in elimination or
destruction of invading pathogens. Thus, TLRs not only coordinate multiple
innate immune pathways by initiating distinct signaling cascade for efficient
elimination of invading pathogen but also empower and direct activation of
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highly specialized adaptive immune system against potential pathogenic
threats. TLRs expressed extracellularly on cells of innate immune system
specifically recognize extracellular microbial products such as
lipopolysaccharide (LPS) of Gram-negative bacteria, mannans of fungal
pathogens, whereas those expressed intracellularly specifically bind to nucleic
acids for detection of intracellular pathogen. It is a common observation that
different subsets of immune cells express distinct TLRs and all TLRs do not
respond to every invading pathogen, only specific TLR on interacting with
pathogen initiates series of reaction. Moreover, the expression of each TLR
against different pathogen is different. After the discovery of TLRs they were
studied extensively and it was discovered that since they are activated during
chronic infections and infectious disease, they play a major role in disease
pathogenesis. Results of several studies also suggested that polymorphisms in
human TLRs are associated with increased or decreased susceptibility to
bacterial or viral infections. Recent studies have indicated that various TLRs,
in particular TLR2, TLR4 and TLR9 are capable of recognizing bacterial and
viral products and have an important role to play in disease pathogenesis.
While TLR2 and TLR4 are expressed on the cell surface TLR9 is located
exclusively in the endosomal compartment (49). It has been demonstrated that
loss in function of any TLR makes the host vulnerable to pathogenic infections
implied that TLRs play a major role in host defense mechanism. Published
literature also indicated that if TLRs activity becomes dysregulated during
certain infectious or non-infectious diseases they have highly fatal
consequences. Therefore, TLRs are being evaluated as an important immune
therapeutic target.

10. TLR STRUCTURE

TLRs family is basically type-l transmembrane glycoproteins.
Discovery of TLRs generated interest among research fraternity in further
study of innate immune system. After TLRs were discovered, it was
emphasized that understanding the structure of TLRs is highly important
because research have indicated that TLRs can be used in designing novel
drugs. TLRs can also be used in pharmacological intervention and serve as
targets inimmune therapy. It has been elucidated that TLRs structure basically
consists of amino terminus extracellular transmembrane domain and carboxy-
terminal intracellular region containing highly conserved TIR domain (50).

The extracellular domain of TLRs consists of repeated LRRs and each
TLR has 16-28 LRRs. This extracellular domain of TLR having LRR is highly
polymorphic and is very essential for TLR dimerization and is mainly
involved in ligand binding (51). The LRR family consists of 6000 proteins in
the Pfam database. These proteins basically carry out a wide variety of
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functions like immune response, signal transduction, enzyme regulation etc.
These LRR proteins are made up of multiple LRR modules, short proteins
have 2-3 modules while the longer one has more than 40 modules and each
module is made up of 20-30 amino acids. Each LRR module has a conserved
motif as well as variable region. These modules stabilize the structure of
proteins present in TLR and avoid exposure of hydrophobic core to solvents
outside It has been observed that conserved motives or sequence of module,
formed from parallel  strands are present on the inner concave side of
horseshoe shape like structure while the variable part of the module which is
generated from helices, B turns and/or loops forms the convex surface in this
structure. TLR4 is one of the most extensively studied TLR whose
extracellular region in addition to LRR contains highly variable region made
up of 82 amino-acids which is essential for carrying out species-specific
differences and bacterial LPS recognition (52).

The intracellular region of TLRs contains a highly conserved TIR
domain. The intracellular TIR domain is composed of approximately 150
amino acids. This region besides TIR also contains three highly conserved
regions. As ligand induces dimerization of TLRs, TIR causes recruitment of
specific adaptor molecules including Myeloid differentiation primary response
gene 88 (MyD88), MyD88-adaptor-like protein (MAL), TIR-domain-
containing adaptor protein inducing IFNB (TRIF), and TRIF-related adaptor
molecule (TRAM). This TIR-TIR interaction occurring between receptor-
receptor, receptor-adaptor, and adaptor-adaptor leads to initiation of signaling
cascade. Several studies proposed the structure of TIR domain of TLR4 using
TLR2 as template. It was suggested that TLR4 uses two different sets of
adaptors: TRAM and TRIF, and Mal and MyD88. These adaptor pairs couple
two distinct signaling pathways leading to the activation of interferon response
factor 3 (IRF-3) and nuclear factor kB (NF-kB) respectively.

11. TLR LOCALIZATION

TLRs play an important role in pathogen recognition and alerting the
immune system to the presence of microorganisms. TLRs are mainly located
on cells which act as the first line of defense against pathogenic
microorganisms. They are mainly located on immune cells like neutrophils,
macrophages, dendritic cells, B cells, T-cells; certain non-immune cells like-
fibroblast, epithelial cell, tissues and organs like-lymphoid organs. Most TLRs
are located extracellular i.e. expressed on cell surface while TLR 3, 7, 8 and 9
are located intracellularly. The two of the most important receptors TLR2 and
TLR4 which recognize most bacterial lipoproteins and LPS are present on B
and T cells (53).
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12. TLR SIGNALING

It has been extensively studied and observed that on sensing the
invading pathogen TLR initiates signaling pathway. During signaling TIR
domain of TLR adaptor molecules interacts with TIR signaling domain (54,
55, 56). Till date 5 adaptor molecules have been identified in TLR. The first
TLR adaptor molecule which was identified was MyD88. It contains TIR
domain that allows it to interact with IL-1R family members and a death
domain (DD) that recruits IL-1R-associated kinases (IRAKS) to the signaling
complex (56). MyD88 is the sole adaptor identified for TLR5, TLR7, TLRS,
and TLR9, while TLR2 and TLR4 use the MyD88 adaptor molecule along
with other adaptor molecules (57, 58). The MyD88-dependent pathway is
known to mediate activation of NF- kB and the production of inflammatory
cytokines, and the MyD88-independent pathway induces production of
interferon (IFN) inducible genes. However, IFN-y induction by TLR7 and
TLR9 ligation is dependent upon MyD88 expression (59, 60, 61).

The TIR-domain-containing adaptor protein (TIRAP), also known as the
MyD88-adaptor- like protein (MAL), was the second TLR adaptor discovered.
It contains a TIR domain butno DD (62). It was initially thought that TIRAP
would mediate the MyD88-independent pathway in TLR signaling. However,
studies indicated that TIRAP deficiencies result in inhibition of inflammatory
cytokine production (58, 62, 63). It has been determined that TIRAP is utilized
in the downstream signaling pathways for TLR4 and TLR2 but no other TLRs.

The TRIF or TIR-domain containing adaptor molecule (TICAM) 1 was
simultaneously identified by two groups. TRIF was identified as the adaptor
utilized in the MyD88- independent production of IFN and induction of IFN-
stimulated genes (64, 65). This protein is utilized by both TLR3 and TLR4 (66).
The fourth adaptor molecule identified is termed the TRIF-related adaptor
molecule (TRAM) or TICAM-2. TRAM associates with TRIF in the TLR4
signaling pathway but not in the TLR3 signaling pathway. In the absence of
TRAM, TLR4 signaling results in decreased activation of interferon regulatory
factor-3 (IRF-3), suggesting its involvement in the MyD88-independent/ TRIF-
dependent signaling cascade. The production of inflammatory cytokines was
also reduced when TRAM was not expressed. TRAM has only been
demonstrated to be involved in the TLR4 signaling pathway (67). The fifth
TLR adaptor molecule is the sterile a motif (SAM) and HEAT-Armadillo
repeat motif (ARM) - containing protein (SARM) and has only recently been
identified as a TIR-containing adapter (68). In TLR4 and TLR2 signaling,
TIRAP is utilized in recruitment of the signaling molecules required for NF-kB
activation (58). TLR4 requires the TRAM adaptor and the NF-kB subunit p65
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to induce IFN-stimulated genes and results in phosphorylation of the N-
terminus rather than the C-terminus of IRF3 (69).

13. TLRS AND THE IMMUNE SYSTEM

The innate immune system serves as the first line of defense against any
foreign antigen. The major components of the innate immune system are
macrophages, neutrophils, and dendritic cells. However, recently PRRs are
recognized as one of the key components of the innate immune system. These
PRRs are highly skillful components and play a central role in the innate
iImmune system. They are responsible for recognizing specific conserved
structure present on the surface of pathogens known as PAMPs and directing
the course of immune response against these pathogens. PRRs induce immune
responses against pathogens by activating both innate and adaptive immune
system.

Among all PRRs, TLRs are the most potent and extensively studied
receptors. TLRs are phylogenetically conserved family of proteins (57). Till
date 13 TLRs are recognized in mammals, of these 11 are present in humans.
In humans TLRs were first described by Nomura and colleagues in 1994 (70).
They are named after a receptor discovered in fruit-fly; Drosophila known as
toll which provided protection against fungal pathogen (71). The first TLR
recognized in mammals in 1997 was TLR4 and later on several other TLRs
were recognized. TLR4 had homology with toll receptor present in
Drosophila. Human TLRs are divided into five subfamilies (TLR2, TLR3,
TLR4, TLR5 and TLR9) depending on their chromosomal location, structure
and amino acid sequences. The TLR2 subfamily includes TLR1, TLR6, and
TLR10, the TLR9 subfamily includes TLR7 and TLR8. However, TLR3,
TLR4 and TLR5 subfamily are represented only by one family member each
respectively. TLRs are composed of extracellular LRR domain and a
cytoplasmic carboxy - terminal TIR domain. Pathogen recognition is carried
out by proteins present in the membrane of TLR.

Interaction of TLRs with various adaptor proteins of the invading
microorganisms activates the TLRs inside the host. These activated TLRs
initiate a signaling pathway. This leads to release of various pro-inflammatory
cytokines, chemokines, and recruitment of various effector molecules at the
site of infection and induction (72, 73). TLR and other PRRs cellular response
not only activate innate immunity but also give accessory signal for activation
of adaptive immune response. Thus, emergence of TLR was not the turning
point for innate immunity of the host but was found necessary for shaping
adaptive immune response against the infectious microorganism.
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14. TLRS AND THE ANTIVIRAL RESPONSE

Innate immune response serves as the first line of defense against all
invading microorganisms inside the human body. TLRs have a central role in
Innate immune response, and they are activated on interacting with invading
pathogens. These invading microorganisms can range from fungus to bacteria
or viruses to protozoa etc., TLRs are active against all of them. Similarly on
invasion of human body with viruses, TLR initiates antiviral response.
Although several TLRs (TLR3, TLR4 TLR7, TLR8 and TLR9) recognize
molecular patterns on surface of virus and binding with these motifs but only
two TLRs, TLR3 and TLR4 are capable of activating signal cascade (74).

It has been demonstrated that both TLR3 and TLR4 after recognition of
viral glycoproteins result in initiation of IRF3 activation or nuclear
translocation (75). Although signaling of both TLR3 and TLR4 results in IRF3
activation but the quantity and quality of response generated in both the cases
differs. It has been demonstrated that to generate immune response, TLR4
requires help from NF-kB subunit and p65 so that after IRF3 phosphorylation
interferon - stimulated response elements (ISREs) are activated. It has also
been demonstrated that phosphorylation of IRF3 induced by TLR3 takes place
at C-terminal while one induced by TLR4 occurs at N-terminal domain (69).

15. TLR POLYMORPHISMS AND INFLUENCE ON HIV/AIDS

SNPs in TLRs are known to be associated with increased or decreased
susceptibility to various infectious diseases. Initial studies demonstrated that
the TLR system only interacts with bacterial PAMPs, but it is now well
established that TLRs can interact with viruses also. Genetic variations in
TLRs could influence individual response to TLR ligands, resulting in altered
susceptibility to human pathogens, thus affecting the course of infectious
disease (76, 77). SNPs occurring in TLRs are particularly important in
reference to HIV, as they alter host immune response affecting disease
pathogenesis. Regarding HIV, it is established that variations within the host’s
genome contribute to the risk of acquiring infection as well as the individual
rate of disease progression. It has been observed that SNPs in TLRs may play
an important role and provide relevant information about HIV pathogenesis
because in vitro activation and signaling through TLR2, TLR4, and TLR9
might accelerate HIV replication (78). Since, growing number of studies have
demonstrated that TLRs polymorphism influences individual susceptibility
towards various infectious pathogens and therefore it has been implicated that
TLRs have pivotal role in activation of both innate and adaptive immune
responses of the host. It has been indicated that infecting pathogens results in
activation of immune system or HIV gene expression and as a consequence of

571|Page



E-ISBN: 978-1-68576-521-7

this host progresses towards AIDS progression. It has been demonstrated that
the responsiveness of immune system to several infectious agents which are
associated with HIV relies on a family of PRRs, more specifically known as
TLRs. Thus, it has been concluded that HIV associated diseases or Ols are
indirectly regulated through TLR-pathogen association or interaction (20). The
signals generated by the host immune system in response to antigens or
infectious agents trigger stimulation of HIV long terminal repeat (LTR) 3 and
is referred as immune activation. (79). The progressive HIV disease is
characterized by chronic activation of immune system. The first abnormality
described among HIV-seropositive individuals was activation of polyclonal B-
cell activation (80). This eventually heightens T-cell turnover (81),
subsequently increasing T-cell frequencies with activated phenotype (82) and
potentially increases proinflammatory cytokines and chemokines serum levels
(83).

The association between TLR signaling pathway and HIV induction is
evident through study, which for the first time demonstrated that LPS is
responsible for stimulating HIV LTR in macrophage-like cell lines occurs
through NF-kB associated activation pathway (84). Since TLR4 is normally
not expressed on T cells, it was not yet established whether TLR4 serves as
receptor for LPS and initiates NF-kB signaling. However, several studies
subsequently demonstrated that HIV replication is stimulated in infected
primary human monocyte/macrophage cultures through LPS (85).

In 1997, the discovery of TLR signaling within mammals (43), logically
establishes that one of the key events which induces or enhances HIV
expression through microbial ligands is TLR ligation. Although these findings
were formally accepted in 2001, when Equils et al. demonstrated that LPS
stimulation is responsible for transactivation of LTR within human dermal
endothelial cells secondarily transfected with wild-type TLR4. Also, Equils et
al. in 2001 also established that TLR2 transactivates LTR through TLR2
bacterial ligands (78). In 2004, Sundstrom et al. demonstrated that stimulation
via ligands of TLR2, TLR4, and TLR9 of HIV-infected mast cells enhances
HIV replication in humans (86). The induction of HIV LTR is mediated
mainly through cytokines released during NF-kB activation pathway. This
mechanism is majorly responsible for enhancing transcription of provirus
through several concurrent infectious agents and triggering of TLRs. It was
indicated that heightened serum TNF levels in HIV-infected patients co-
infected with M. tuberculosis was associated with increased viral load (87,
88). As a result of the growing number of HIV infections in sub-Saharan
Africa, the number of co-infections of HIV and M. tuberculosis is also
increasing fast, with a significant contribution to morbidity and mortality (89,
90). It is well known that the incidence of infection with M. tuberculosis is
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much higher than that of active tuberculosis, even in the case of co-infection
with HIV. Research revealed that TLR4 mediates cytokine production
stimulated by M. tuberculosis, and that TLR4 knockout mice are more
susceptible to infection with M. tuberculosis (91, 92). TLR4 is known to
activate the interferon response, thus inhibiting HIV replication. Therefore,
individuals bearing the TLR4 Asp299Gly polymorphism may have a more
pronounced viral replication, with an enhanced loss of CD4+ T cells and
increased susceptibility to tuberculosis.

Only a few recent studies have investigated the role of TLR9 SNP in the
susceptibility to HIV infection. Studies reported that TLR 1635A/G
polymorphism is associated with rapid progression of HIV-infection in Swiss
cohort. Another study in HIV sero-prevalent cohort of Spain demonstrated that
TLR9 1635AA genotype was associated with low CD4 cell count, increased
viral load, and more rapid clinical progression compared to AG and GG
genotypes (93).

16. DISCUSSION

TLRs, as key component of innate immune system, have the capability
to sense the invading pathogen through differential recognition of PAMPs.
They are responsible for eliciting innate immune effectors through production
of inflammatory cytokines (94). The triggering of TLRs leads to stimulation of
TLR induced transcription factor, NF-kB and activation of adaptive immunity
of the host (20, 58). Recently, occurrence of genetic polymorphism or
mutations has been reported in TLRs. Studies have demonstrated that
mutations in TLRs influence signal transduction molecules, resulting in
increased or decreased susceptibility to various bacterial and viral infections
(76). Several studies have also highlighted the association between TLR
polymorphisms and increased susceptibility or protection against several
infectious diseases (95, 96, 97).

However, it is interesting to note that majority of genetic studies
available, focused on patients and cohorts of Western ancestry, which is in
striking contrast with the Indian population, characterized primarily by the
presence of HIV clade-C virus. The genetic factors significantly varying
among and between different ethnic groups highlighted the importance and a
strong need for specific population-based case-control studies to be conducted
in HIV-infected patients of Indian ethnic origin. Therefore, it was planned to
investigate the role of SNPs in TLRs in susceptibility to HIV and TB in
ethnically homogenous ART and ATT naive HIV-positive patients
representing the north Indian population. HIV- seropositivity is the most potent
of all known risk factors for LTBI reactivation and TB is the foremost and
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commonest opportunistic infection occurring among HIV- seropositive
individuals (98). The impact of HIVV-TB co-infection is bi- directional and they
are often referred to as “cursed duet”. The consequence of two diseases
occurring together in synergy is greater as compared to either of them present
alone (99). TB elevates the cellular markers of immune activation on T-
lymphocytes and stimulates viral replication. This facilitates faster disease
progression, development of AIDS and reduced human life expectancy (100).

However, the AIDS epidemic is characterized by remarkable
heterogeneity of HIV- infection and in the clinical course of full-blown
disease. While a vast majority (70-80%) of the HIV-infected individuals
develop AIDS after 8-10 years of latency, others develop symptoms at a much
earlier stage (101). Indeed, inter-individual variability is the hallmark of HIV-
infection and its progression to AIDS (11, 12, 13). HIV-infected individuals
exhibiting high degree of variability in susceptibility to associated
complications and progression to profound immunodeficiency have encouraged
researchers to focus attention towards defining immunological correlates of
protection and / or disease progression. It is important to understand the host
genetic factors and their interaction with the immune and virological factors,
as this could yield important information on the immunopathogenesis of HIV-
infection. The advancement of technologies in recent years has allowed us to
appreciate the host genetics of HIV/AIDS using candidate gene-based
approaches. The whole genome analysis is possible through advanced gene
discovery approaches and integration through systems biology.

Large cohort and candidate gene-based studies have highlighted the
Importance of host determinants comprising several immune response genes
that contribute towards differential vulnerability of individuals to HIV/AIDS
and TB. A large accumulation of datahas demonstrated significant contribution
of HLA haplotypes to this variability. Several other genes that regulate HIV
cell entry (chemokines coreceptors and their ligands) and influence innate and
acquired immunity (TLR, MHC, KIRs and cytokines) are known to influence
HIV-infection. There is compelling evidence that genetic variants significantly
influence HIV viral load set point, rate of CD4 T cell decline, susceptibility to
specific AIDS defining illnesses and response to antiviral therapy (101, 102). It
is well established that as soon as the human body is invaded by any pathogen,
the innate immune system, acting as first line of defense system, provides
natural resistance to the intruders. The first few hours or the days of infection
are very crucial in determining the fate of pathogen and establishment of
infection. Once pathogen is established within the host, progression to clinical
disease occurs. During this period, innate immunity coordinates non-specific
defense mechanism within the host. However, soon thereafter adaptive
immune facilitates more specific immune response against the pathogen. It
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was therefore contemplated that mutation within the elements of immune
system may provide insight into the underlying mechanism responsible for
causing variability in humans towards infectious pathogen.

This chapter determines the importance of TLR polymorphisms as
genetic markers for disease susceptibility and progression in the Indian
population. Despite appreciably high number of HIV infected people in the
Indian subcontinent, this objective had not been addressed comprehensively in
previous studies. The central role of TLRs in innate immune response and
initiation of appropriate adaptive response have suggested that regulation of
their expression might be important in determining the HIV-1 disease course.
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