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ABSTRACT

Pattern recognition receptors (PRRs) are vital components of the innate immune system, playing a crucial role in
detecting pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs).
This review explores the modulation of innate immunity via PRRs for antiviral and antitumor therapies. PRRs,
including toll-like receptors (TLRs), NOD-like receptors (NLRs), RIG-I-like receptors (RLRs), and C-type lectin
receptors (CLRs), initiate immune responses that enhance the recognition and elimination of pathogens and tumor
cells. TLRs, for instance, trigger pro-inflammatory cytokine production and activate dendritic cells, facilitating
adaptive immune responses. The therapeutic potential of PRR agonists is significant; they can be used as
standalone treatments or in combination with existing antiviral and cancer therapies. PRR agonists enhance
vaccine efficacy, promote robust antiviral responses, and improve the recognition of tumor antigens. Additionally,
oncolytic viruses can exploit PRR pathways to stimulate innate and adaptive immunity against tumors. However,
challenges such as the risk of excessive inflammation and the need for targeted delivery of PRR agonists remain.
Future research should focus on optimizing PRR-targeted strategies to harness their full therapeutic potential
while minimizing adverse effects. This review highlights the promising role of PRRs in enhancing immune
responses and discusses their implications for developing innovative antiviral and antitumor therapies.
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INTRODUCTION

The innate immune system serves as the body's first line of defense against invading pathogens and tumor cells,
employing a diverse array of mechanisms to detect and respond to these threats [17]. A critical component of this
system is pattern recognition receptors (PRRs), which play a fundamental role in identifying pathogen-associated
molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) [27. These receptors are
essential for initiating the immune response, leading to the activation of both innate and adaptive immunity.

PRRs can be broadly classified into several families, including Toll-like receptors (TLRs), NOD-like receptors
(NLRs), RIG-I-like receptors (RLRs), and C-type lectin receptors (CLRs)[37. Each of these receptor types is
specialized in recognizing distinct molecular patterns, enabling the immune system to mount appropriate
responses to various pathogens, including bacteria, viruses, fungi, and cancer cells. For instance, TLRs, found on
immune cells such as macrophages and dendritic cells, detect extracellular and endosomal PAMPs, leading to the
activation of intracellular signaling pathways that promote the production of pro-inflammatory cytokines [4].
This process not only facilitates the immediate immune response but also plays a crucial role in shaping the
adaptive immune response.

The modulation of innate immunity via PRRs has gained significant attention in recent years for its potential
therapeutic applications in antiviral and antitumor therapies [57]. By harnessing the signaling capabilities of PRRs,
researchers are exploring strategies to enhance immune responses against viral infections and tumors. For
example, PRR agonists are being investigated as adjuvants in vaccines, where they can boost the immune response
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and improve the efficacy of antiviral vaccines [67. Additionally, the use of oncolytic viruses—viruses that
selectively infect and kill cancer cells—exploits PRR pathways to stimulate robust immune responses against
tumors.
Despite the promising potential of PRR modulation, several challenges remain, including understanding the
complex interplay of different PRRs in various cellular contexts and the potential for adverse inflammatory
responses [[7]. Future research is essential to elucidate the mechanisms by which PRRs operate and to develop
targeted therapies that maximize their benefits while minimizing risks. As we advance our understanding of PRRs
and their role in immune modulation, new avenues for innovative antiviral and antitumor therapies will likely
emerge, offering hope for improved patient outcomes in infectious diseases and cancer.
1. Introduction to Pattern Recognition Receptors

Pattern recognition receptors are a diverse group of germline-encoded receptors that play a pivotal role in the
innate immune response. PRRs can be classified into several categories, including toll-like receptors (TLRs),
NOD-Iike receptors (NLRs), RIG-I-like receptors (RLRs), and C-type lectin receptors (CLRs). These receptors are
primarily expressed on immune cells such as macrophages, dendritic cells, and neutrophils, enabling them to
detect a wide range of microbial invaders and cellular stress signals[2,37].
Upon recognizing PAMPs or DAMPs, PRRs initiate a cascade of intracellular signaling pathways that lead to the
activation of immune responses, including the production of pro-inflammatory cytokines, the upregulation of co-
stimulatory molecules, and the maturation of antigen-presenting cells[87. This activation not only helps clear
infections but also shapes the adaptive immune response, thereby playing a crucial role in developing
immunological memory.

2. Mechanisms of PRR Activation

2.1 Toll-Like Receptors (TLRs)
Toll-like receptors are one of the most extensively studied families of PRRs. There are ten known human TLRs
(TLR1-TLR10), each with unique ligand specificities and signaling pathways[97]. For example, TLR3 recognizes
double-stranded RNA, while TLR7 and TLRS detect single-stranded RNA viruses. Upon ligand binding, TLRs
undergo dimerization and recruit adaptor proteins such as MyD88 or TRIF, leading to the activation of
downstream signaling pathways, including NF-kB and MAPK[107. This process results in the production of
inflammatory cytokines such as TNF-a, IL-6, and IL-12, enhancing the innate immune response.

2.2 NOD-Like Receptors (NLRs)
NOD-Iike receptors are cytoplasmic PRRs that recognize intracellular pathogens and stress signals. NLRs, such as
NOD1 and NODg, detect peptidoglycan components from bacterial cell walls, leading to the activation of the NF-
kB pathway and the production of pro-inflammatory cytokines [117]. Additionally, some NLRs can form
multiprotein complexes known as inflammasomes, which promote the maturation and secretion of IL-1f and IL-
18, critical mediators of inflammation and immune responses.

2.3 RIG-I-Like Receptors (RLRs)
RIG-I-like receptors are another class of cytoplasmic PRRs that recognize viral RNA. RIG-I and MDAS5 are key
players in detecting RNA viruses, leading to the activation of type I interferon (IFN) production through the
MAVS (mitochondrial antiviral signaling) pathway [127. This antiviral response not only helps eliminate viral
infections but also modulates the adaptive immune response.

2.4 C-Type Lectin Receptors (CLRs)
C-type lectin receptors are primarily involved in recognizing carbohydrates on pathogens. They play a vital role in
the immune response against fungi and certain bacteria [187]. Upon binding to their ligands, CLRs can activate
signaling pathways that enhance the phagocytosis of pathogens and stimulate the production of pro-inflammatory
cytokines.
3.0 Modulation of Innate Immunity for Antiviral Therapies

Pattern recognition receptors (PRRs) hold significant promise for the development of antiviral therapies. By
leveraging their immune-stimulating properties, researchers are investigating various strategies to enhance
antiviral responses.

3.1 PRR Agonists as Therapeutics
Synthetic PRR agonists, including toll-like receptor (TLR) ligands and RIG-I-like receptor (RLR) activators, can
be utilized as adjuvants in vaccine formulations or as standalone therapeutics to strengthen innate immunity
against viral infections. For instance, TLR7 and TLRS8 agonists have demonstrated efficacy in preclinical studies
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and clinical trials by enhancing immune responses to vaccines targeting influenza and other viral pathogens [147].
These agonists stimulate the production of type I interferons and pro-inflammatory cytokines, which are crucial
for establishing an effective antiviral response.
3.2 Gene Therapy Approaches
Gene therapy approaches that deliver PRR genes into host cells represent a novel strategy for antiviral
interventions [157]. This method can induce robust antiviral responses by enhancing the expression of specific
PRRs and their downstream signaling components. By increasing the presence of PRRs within the host's cells, the
immune system's capacity to recognize and respond to viral threats is significantly amplified. This approach not
only offers a direct means of enhancing antiviral immunity but also holds potential for long-term immunological
memory, further bolstering the host's defenses against future infections. Overall, the strategic modulation of innate
immunity via PRRs offers exciting possibilities for developing innovative antiviral therapies that could improve
patient outcomes and enhance the efficacy of existing treatments.
4. Modulation of Innate Immunity for Antitumor Therapies
PRRs also play a critical role in the recognition and elimination of tumor cells, offering a pathway for developing
effective cancer immunotherapies.
4.1 PRR Agonists in Cancer Therapy
PRR agonists can activate innate immune responses that enhance the recognition and destruction of tumor cells.
For instance, TLR ligands can stimulate dendritic cells to produce pro-inflammatory cytokines and present tumor
antigens to T cells, thereby facilitating the activation of adaptive immunity against tumors [16].
4.2 Oncolytic Viruses
Oncolytic viruses, which selectively infect and kill cancer cells, can activate PRRs in the tumor microenvironment,
leading to robust innate and adaptive immune responses [17]. This mechanism of action can enhance the
therapeutic efficacy of oncolytic virus therapies by promoting tumor-specific immunity.
4.3 Combination Immunotherapies
Combining PRR agonists with immune checkpoint inhibitors may improve therapeutic outcomes in cancer
treatment. PRR activation can counteract the immunosuppressive tumor microenvironment, enhancing the
effectiveness of therapies targeting immune checkpoints such as PD-1 and CTLA-4[18, 197].
5. Challenges and Future Perspectives
While the modulation of innate immunity via PRRs holds great promise for antiviral and antitumor therapies,
several challenges remain [20, 217. Understanding the specific mechanisms of PRR activation and signaling in
different contexts is crucial for optimizing therapeutic strategies. Additionally, the potential for adverse effects,
such as excessive inflammation or autoimmunity, necessitates careful consideration in the development of PRR-
targeted therapies [227]. Future research should focus on elucidating the complex interactions between PRRs and
various immune cell types, as well as exploring combination therapies that harness the strengths of multiple

immunotherapeutic strategies. Advances in drug delivery systems may also enhance the efficacy and safety of

PRR-targeted therapies, paving the way for innovative approaches in combating viral infections and cancer [23,
24, 257.
CONCLUSION
Pattern recognition receptors are essential mediators of innate immunity that play a crucial role in the recognition
and response to viral infections and tumorigenesis. Their ability to modulate immune responses offers significant
therapeutic potential for antiviral and antitumor therapies. By harnessing the mechanisms of PRR activation,
researchers can develop novel immunotherapeutic strategies to enhance immune responses against viral pathogens
and cancer. As our understanding of PRRs continues to grow, the translation of these insights into clinical
applications may lead to innovative treatments that improve patient outcomes in infectious diseases and cancer.
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