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coronaviruses is recognized by TLR7. Double-stranded RNA (dsRNA), a
replication intermediate in many viruses, is recognized by TLR3. DNA from
viruses such as Herpes simplex virus (HSV) and poxviruses is detected by
The immune system is the body's first line of defense against harmful 1 R zymosan, a component of fungal cell walls, is recognized by TLR2.
invaders, including bacteria, viruses, fungi, and parasites. Among the most  pannans, found in fungi, also interact with TLR4. TLRs can also recognize
important components of the innate immune system are Toll-Like Receptors  pamMPs, molecules released by stressed, injured, or dying cells. For example,
(TLRs). These Pattern Recognition Receptors (PRRs) are essential for  igh.Mobility Group Box 1 (HMGBL), Heat Shock Proteins (HSPs), and DNA
detecting pathogens and triggering the immune system's response. Named  relgased from dying host cells can bind to TLRs and activate inflammatory
after the “toll” gene in Drosophila (fruit flies), which plays a crucial role in innate responses. Upon pathogen recognition, TLRs activate intracellular signaling
immunity, TLRs recognize conserved molecular patterns shared by many  pathways that lead to the production of inflammatory cytokines, chemokines,
microorganisms, known as Pathogen-Associated Molecular Patterns (PAMPS).  ang interferons. These mediators are essential for initiating an immune
TLRs act as sentinels, alerting the body to the presence of infectious agents  rgsponse that helps contain the infection and coordinate the adaptive immune
and initiating the cascade of immune responses to combat these threats. This  gystem [3].
research article examines the function of TLRs in pathogen detection, their
role in the immune response, and how dysregulation of TLR signaling can Once a TLR binds to @ PAMP or DAMP, it undergoes dimerization or
contribute to infectious diseases. Understanding the mechanisms by which ~ oligomerization, leading to the recruitment of adaptor proteins that initiate
TLRs respond to infections has profound implications for developing new ~ downstream signaling pathways. MyD88-Dependent Pathway: The myeloid
therapies for infectious diseases and immune-mediated disorders [1]. differentiation primary response gene 88 (MyD88) adaptor protein is involved
in the majority of TLR signaling. Upon activation, MyD88 recruits interleukin-1
. .- Receptor-Associated Kinase (IRAK) proteins and Tumor Necrosis Factor
Descrlptlon Receptor-Associated Factor 6 (TRAF6), leading to the activation of NF-
kB, a transcription factor that promotes the production of pro-inflammatory
Toll-like receptors are a family of membrane-bound or intracellular cytokines such as TNF-o, IL-1, and IL-6. This pathway plays a crucial role
receptors that play a central role in the innate immune system. There are in the early defense against infections. TRIF-Dependent Pathway: For some
ten TLRs in humans (TLR1 to TLR10), each recognizing specific PAMPs  TLRs, such as TLR3 and TLR4, activation leads to the recruitment of the
associated with different classes of pathogens. These receptors are primarily ~ TIR-domain-containing adapter-inducing interferon-B (TRIF) adaptor protein.
expressed on immune cells such as macrophages, dendritic cells, neutrophils,  TRIF signaling leads to the activation of IRF3, which induces the production
and B cells, but they are also found on non-immune cells such as epithelial  of type I Interferons (IFN-c/B), crucial for antiviral immunity. This pathway is
cells and endothelial cells. TLRs are named after the Toll protein in Drosophila  especially important in defending against viral infections. The combined action
melanogaster, a fruit fly in which the Toll gene was initially discovered to play  of these pathways leads to the activation of transcription factors that induce the
a role in immunity. In mammals, TLRs are critical for initiating both innate  expression of genes involved in the immune response, promoting inflammation
and adaptive immune responses. Upon recognition of PAMPs or Damage-  and pathogen clearance.
Associated Molecular Patterns (DAMPs), TLRs trigger a signaling cascade
that leads to the activation of transcription factors, particularly Nuclear Factor
Kappa B (NF-kB) and Interferon Regulatory Factors (IRFs). This activation
results in the production of cytokines, chemokines, and antimicrobial peptides,
which help control the infection and recruit additional immune cells to the site
of infection [2].

Introduction

The role of TLRs in detecting pathogens and initiating the immune response
is critical in the context of infectious diseases. These receptors are involved in
the defense against a wide variety of pathogens, including bacteria, viruses,
fungi, and parasites. TLRs, particularly TLR2, TLR4, and TLR5, are crucial
for recognizing bacterial components and initiating the appropriate immune
response. For example, TLR4 detects LPS from Gram-negative bacteria and

TLRs can recognize a variety of PAMPs derived from different pathogens,  triggers a potent inflammatory response. However, excessive activation of
enabling the immune system to mount a rapid and effective response.  TLRs during bacterial infections can lead to sepsis and systemic inflammation,
Lipopolysaccharide (LPS), a component of the outer membrane of Gram-  highlighting the need for tight regulation of TLR signaling. TLRs are also
negative bacteria, is recognized by TLR4. Peptidoglycan and lipoteichoic acid  central to the detection of viral infections. TLR3, TLR7, and TLR9 recognize
from Gram-positive bacteria are detected by TLR2 (in combination with TLR1 viral RNA and DNA, respectively. These receptors trigger the production of
or TLRe). Flagellin, a protein that makes up bacterial flagella, is recognized  type | interferons and pro-inflammatory cytokines, which help control viral
by TLRS. Single-stranded RNA (ssRNA) from viruses such as influenza and  replication and recruit immune cells to the site of infection. Dysregulation
of TLR responses can contribute to chronic viral infections or contribute to
autoimmune conditions such as lupus and autoimmune hepatitis. TLRs such
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inflammation. For example, hyperactivation of TLR7 and TLR9 is associated
with diseases such as lupus, in which the immune system erroneously targets
the body’s own tissues. Similarly, excessive TLR signaling in sepsis can lead
to overwhelming inflammation and organ failure.

On the other hand, some pathogens have evolved mechanisms to suppress
TLR signaling, allowing them to evade detection by the immune system. For
instance, certain viruses such as hepatitis C and Human Immunodeficiency
Virus (HIV) can impair TLR signaling, enabling the pathogens to persist and
cause chronic infection. Genetic variations in TLRs can influence susceptibility
to infections and the severity of disease. For example, polymorphisms in TLR4
have been linked to altered susceptibility to Gram-negative infections, while
variations in TLR2 have been associated with susceptibility to Mycobacterium
tuberculosis infection. Given the central role of TLRs in immunity, modulating
their activity holds promise for therapeutic interventions in a variety of diseases.
TLR agonists are being explored as potential vaccines and adjuvants,
enhancing the immune response to infections or cancer. Conversely, TLR
antagonists are being investigated to reduce excessive inflammation in
autoimmune and inflammatory diseases, such as rheumatoid arthritis and
Crohn's disease [5].

Conclusion

Toll-like receptors are essential sensors of microbial infections, enabling
the immune system to detect and respond to a wide range of pathogens.
By recognizing conserved molecular patterns of bacteria, viruses, fungi,
and parasites, TLRs activate signaling pathways that promote inflammation,
pathogen clearance, and immune system activation. While TLRs play a
central role in defending against infections, dysregulation of TLR signaling
can contribute to the development of infectious and inflammatory diseases,
including sepsis, autoimmune conditions, and chronic viral infections.
Understanding the mechanisms of TLR-mediated immune responses
provides important insights into disease pathogenesis and holds promise
for the development of targeted therapies aimed at modulating TLR activity
for therapeutic benefit. The study of TLRs continues to be a dynamic area of
research, with significant implications for improving treatments for infectious
diseases and immune-mediated disorders.
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