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PURINERGIC RECEPTORS AND TUBERCULOSIS: UNDERSTANDING
THEIR ROLE IN INFECTION AND IMMUNE RESPONSE

Annotation. This article explores the role of purinergic receptors in the
immune response to tuberculosis (TB), specifically focusing on the functions of
P2X and A2A receptors in regulating inflammation, immune cell activation, and
bacterial control during Mycobacterium tuberculosis infection. The article
discusses how ATP and adenosine, as key purinergic signaling molecules,
influence TB pathogenesis, with particular attention to their effects on
macrophages, dendritic cells, and the formation of granulomas. Furthermore, it
highlights the therapeutic potential of P2X7 antagonists and A2A receptor agonists
in modulating the immune response to improve treatment outcomes, particularly in
latent tuberculosis. The article also emphasizes the need for further research into
the role of purinergic signaling in TB to identify new therapeutic strategies.
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Xaxkumoea P.A.

Kanouoam meoununckux Hayk, 0oyeHm
Kadgheopa pmuszuampuu u nynemononozuu
Mamamosa U.IO.

Jlokmop xumuueckux nayk, npogeccop
3agedyrouian Kageopoii Ouon02uvecKol Xumuu
bexmawees U.b.

accucmenm

Kadgheopa pmuzuampuu u nyremononozuu

AHOUMCAHCKUTL 20CY0apCcmEeHHbLIL MEOUWUHCKUI UHCHUMYM

INYPUHEPI'MYECKUE PEHEINITOPBI U TYBEPKYJIE3: HIOHUMAHUE
X POJIM B UHOEKIIMU U UMMYHHOM OTBETE

AHHOTanmMs. B »9Toll crTathe wucciemyeTcs poib MyPUHEPTHUYECKUX
peuenTopoB B MMMYHHOM oTBeTe Ha TyOepkyne3 (Th), ocoboe BHHUMaHue
yaensercs GyHKOUAM pernentopoB P2X m A2A B peryiasuud BOCIAJICHHS,
aKTUBALlMM UMMYHHBIX KJIETOK U OaKTepHaJIbHOM KOHTPOJIE NMPU UHPHUIMPOBAHUU
MUKOOaKTepusMH TyOepKyJie3a. B crarbe o0cyxnaercs, kak AT® u aieH031H, KaK
KIIIOYEBBIE IYPUHEPTUYECKHE CHUTHAJIbHBIE MOJIEKYJIbI, BIUSIOT HAa MATOTEHE3
TyOepKyie3a, ¢ OcCOObIM BHHMAaHHMEM K UX BO3JEHCTBUI0O Ha Makpodaru,
JNEHAPUTHBIE KJIETKHW U oOpa3oBaHue rpanyjieM. Kpome Toro, B Hem
MOTYEPKUBAETCS TEPANEBTUUECKUIN MOTEHIIMAT aHTaroHuctoB P2X7 u aronucton
A2A peuentopoB B MOAYJIMPOBAHMM HMMMYHHOTO OTBETa IS YJIy4dIlEHUS
pe3yJIbTaTOB JICUEHUs, OCOOCHHO NpHU JIATEHTHOM TyOepkyinesze. B craThe Tarke
HOJUYEPKUBAECTCA  HEOOXOAUMOCTh  JajbHEHIINX  HCCIENOBAaHUN  poiu
IIyPUHEPIUYECKON CUTHAJIM3ALUMU TpPU TyOepKyje3e s ONPEAeNIeHUs HOBBIX
TEPANEBTUYECKUX CTPATETUM.

KaroueBble ciaoBa:  [lypuHepruueckue  peuentopbl, TyOepKyJies,

MUKoOakTepuu Tyoepkynesa, ATO.
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Introduction. Tuberculosis (TB) remains one of the leading infectious
diseases worldwide, caused by Mycobacterium tuberculosis (Mtb). Despite
advancements in diagnostic and therapeutic strategies, TB continues to be a
significant global health challenge. Recent research has highlighted the importance
of purinergic signaling in the immune response to TB. Purinergic receptors,
which are activated by purine nucleotides such as adenosine and ATP, play key
roles in modulating immune responses and inflammation during infections. In the
context of TB, purinergic receptors influence various stages of the infection,
including pathogen recognition, immune cell activation, and the resolution of
inflammation. This article aims to explore the role of purinergic receptors in the
pathogenesis of tuberculosis, their impact on the immune system, and their
potential as therapeutic targets.

Purinergic Signaling and Its Receptors. Purinergic signaling refers to the
signaling pathways mediated by purine nucleotides and nucleosides, which bind to
specific receptors known as purinergic receptors. These receptors are classified
into two main families: P1 receptors (adenosine receptors) and P2 receptors
(ATP receptors).

1. P1 receptors: Adenosine receptors, which include A1, A2A, A2B, and
A3 subtypes, are involved in regulating immune responses, inflammation, and
tissue repair. Adenosine, the endogenous ligand for these receptors, has
immunosuppressive properties and can dampen the activation of pro-inflammatory
responses.

2. P2 receptors: These receptors are further divided into P2X (ionotropic
receptors) and P2Y (metabotropic receptors) families. The P2X receptors are
activated by ATP and are important in mediating the inflammatory response, while
P2Y receptors also respond to ATP and other purines like UDP. P2 receptors play
critical roles in activating immune cells, such as macrophages and dendritic cells,

during infections (Brahmachari, S. K., & Ghosh, P. (2017.)
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Purinergic Receptors and Mycobacterium Tuberculosis. The
relationship between purinergic receptors and tuberculosis is complex, as both
ATP and adenosine can influence different aspects of the immune response to
Mtb infection.

1. ATP and P2X Receptors: ATP is released by cells in response to
infection or cellular damage, acting as a danger-associated molecular pattern
(DAMP). The binding of ATP to P2X receptors on immune cells such as
macrophages and dendritic cells triggers the activation of inflammasomes, leading
to the release of pro-inflammatory cytokines such as IL-1B and IL-18. These
cytokines are essential for controlling the growth of Mrb, but excessive
inflammation can also contribute to tissue damage.

Research has shown that P2X7 receptors, in particular, play a critical role
in the immune response to Mtb infection. P2X7 activation has been shown to
induce IL-1P secretion, a cytokine crucial for initiating the inflammatory response
against Mtb. However, prolonged activation of P2X7 can lead to excessive cell
death, tissue damage, and pathology in TB (Di Virgilio et al., 2017). Thus,
modulating P2X7 receptor activity could potentially provide a therapeutic strategy
to balance the immune response during TB.

2. Adenosine and A2A Receptors: In contrast to ATP, adenosine has an
anti-inflammatory role and can dampen the immune response. Adenosine binds to
A2A receptors on immune cells, leading to the inhibition of pro-inflammatory
cytokine production and the promotion of an anti-inflammatory environment.
During Mtb infection, adenosine accumulation in the microenvironment can inhibit
the activation of T-helper 1 (Th1) cells, which are critical for the defense against
TB. By suppressing the Thl response, adenosine can allow Mtb to persist within
macrophages, leading to chronic infection (Miiller et al., 2013).

This immunosuppressive effect of adenosine is particularly important in the
context of latent tuberculosis (LTBI), where the immune system fails to
completely eliminate Mtb, resulting in lifelong bacterial persistence. Targeting

A2A receptors may enhance the immune response to TB by reversing this
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immunosuppression, potentially reducing bacterial load and preventing
reactivation of latent TB.

3. Purinergic Modulation in Macrophages: Macrophages are the
primary host cells for Mtb and play a central role in controlling infection.
Purinergic receptors, especially P2X7 and A2A, influence the ability of
macrophages to phagocytize and kill Mtbh. Activation of P2X7 can enhance
macrophage activation and bacterial killing, while activation of A2A receptors can
inhibit this response, leading to bacterial survival.

In chronic TB, the macrophage's ability to resolve inflammation and
control infection is compromised. Manipulating purinergic signaling, particularly
through P2X7 antagonists or A2A agonists, could potentially shift the immune
response towards a more effective pathogen-killing phenotype while limiting tissue
damage.

Therapeutic Implications of Purinergic Receptors in Tuberculosis.
Given the pivotal roles of purinergic receptors in modulating the immune response
to Mtb, these receptors present potential therapeutic targets for TB treatment.

1. P2X7 Antagonists: P2X7 antagonists have shown promise in reducing
excessive inflammation and tissue damage during TB infection. By limiting the
overactivation of the inflammasome, these antagonists could help to prevent
granuloma formation and tissue necrosis associated with TB (Basso, P.2015.
Di Virgilio et al., 2017). However, careful modulation is required, as P2X7
activation is also necessary for optimal bacterial clearance.

2. Adenosine Receptor Agonists (A2A Receptor): On the other hand,
A2A receptor agonists have potential therapeutic value in reversing the
immunosuppressive effects of adenosine during chronic TB. By enhancing Thl
responses and boosting macrophage function, A2A agonists could aid in
controlling latent TB and preventing reactivation (Miiller et al., 2013). This
strategy may be particularly useful for patients with latent tuberculosis or those at

high risk of disease progression.
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3. ATP Release and Immune Modulation: Modulating the release of
ATP in the infected tissues could also be an effective therapeutic strategy. ATP-
loaded liposomes or other delivery methods may be explored as ways to trigger
P2X receptor-mediated immunity, increasing the host’s ability to fight off the
infection.

4. Combination Therapies: Combination strategies that involve the use of
purinergic receptor modulators in conjunction with traditional antibiotics may
help enhance the effectiveness of existing TB treatments. For example, combining
P2X7 antagonists to reduce inflammation with current TB therapies might
prevent immune-induced tissue damage while ensuring bacterial clearance.

Conclusion. Purinergic receptors play a critical role in the immune
response to tuberculosis by regulating inflammation, immune cell activation, and
pathogen clearance. The balance between pro-inflammatory and anti-inflammatory
signals mediated by ATP and adenosine is crucial for determining the outcome of
Mtb infection. Dysregulation of purinergic signaling can lead to chronic
inflammation, bacterial persistence, and the development of latent TB.
Understanding the role of purinergic receptors in TB opens the door for novel
therapeutic strategies that aim to modulate these pathways, either to boost immune
responses or prevent tissue damage. Targeting purinergic receptors, particularly
P2X7 and A2A, offers promising avenues for improving TB treatment and
addressing challenges such as latent TB and immune tolerance.
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