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The immune response against mycobacteria leads to
protection and pathology

Mtb

Dorhoi et al. (201 ) Immunol. Rey, 240: 235-2511


http://www.imcr.uzh.ch/static/onkwww/clodrolip.html

/ One third of the world's population is
infected with bacteria of the Mycobacterium

tuberculosis complex (M. tuberculosis and M. bovis).

/ Active TB can develop through progression One person with untreated
. . . . . smear-positive pulmonary
of recently acquired infection (primary disease) tuberculosis

or reactivation of latent infection.

/ WHO estimated 9.6 million new cases of & /%%,,
active tuberculosis (TB) and |.5 million deaths

in 2014.

/ Progressive primary TB is an aggressive form

of the disease that represents about 0% of

Active tuberculosis Latent tuberculosis

Reactivation

active TB cases, affecting mostly children under

Of the 10-14"“infected”
people, 0.6-1.2 individuals
go on to develop active
tuberculosis

5 years of age and immunocompromised

individuals.
9.2 million new cases 2 billion estimated
and 1.4 million deaths prevalence
per year

O’Garra t al. (2013) Annu. Rev. Immunol., 31:475-527



Estimated TB incidence rates, 2012
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Estimated HIV prevalence in new TB cases, 2012

\/ Active TB incidence is dramatically
increased by HIV co-infection, which was
reported in |.2 million (12%) of the
people who developed TB in 2014.
Therefore, TB is the most common cause

of death among patients with AIDS.
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The immune response against mycobacteria leads to
protection and pathology

A variety of factors can determine the transition of mycobacterial infection to active TB: genetically determined
susceptibility of host organism to the bacilli, environmental factors increasing the host susceptibility and factors associated

with bacteria. such as virulence and dose of infection.

V' Are granulomas purely protective for the host or do they promote infection? Do they contribute to tissue pathology?



The predominance of apoptotic over necrotic macrophage

death ensures the control of mycobacteria

Ramakrishnan (2012) Nat Rev Immunol, 12: 352-366


http://www.imcr.uzh.ch/static/onkwww/clodrolip.html
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Extracellular ATP (eATP) is a damage signal




[mM] eATP causes apoptotic or necrotic macrophage
death through P2X7R
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[mM] eATP causes apoptotic or necrotic macrophage
death through P2X7R
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The immune response against mycobacteria leads to
protection and pathology

Perspectives
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attenuated in mice that lack the P2X7R

TB induced by hypervirulent mycobacter

== Infected P2XTR"*

-0~ Control P2XTR’




TB induced by hypervirulent mycobacteria is
attenuated in mice that lack the P2X7R
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The deleterious role of P2X7R is independent of NLRP3 inflammasome
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The deleterious effect of the
P2X7R on severe TB is transferred
by bone marrow-derived cells
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Does P2X7R signaling induce macrophage necrosis and
hypervirulent bacillus dissemination!?

Chuva de sinalizadores quimicos

Morte por necrose libera composto
indicador de danos, agrava a inflamacdo
e inicia ciclo de destruicdo celular

NUCLEO - ( &/
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/ programada (apoptose)
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rapidamente no interior
do macréfago e o mata
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Hypervirulent mycobacteria induce necrotic cell death
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What are the effects of eATP on virulent and
hypervirulent intracellular mycobacteria?
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Hypervirulent mycobacteria are resistant to
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Intracellular
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Hypervirulent strains Virulent strains

39 Macrophage
52 Infected macrophage

;% Macrophages killed
’ by infection

%) Macrophages
sensibilized by eATP

9% Lymphocytes
& Neutrophils
eATP

oV "™
" v 0'e

. Ve N,
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Intracellular bacterial growth
eATP release by infected macrophages
P2X7R-mediated necrosis of macrophages
Resistance to protective mechanisms elicited by eATP
Pneumonia
Lung necrosis

Bacterial |nvolvement of P2X7 receptor or

dissemination Bacterial control
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Pulmonary Infection with Hypervirulent Mycobacteria
Reveals a Crucial Role for the P2X7 Receptor in
Aggressive Forms of Tuberculosis

Eduardo P. Amaral'*, Simone C. M. Ribeiro?, Veronica R. Lanes?, Fabricio M. Almeida®, Marcelle R. M. de
Andrade?, Caio Cesar Barbosa Bomfim', Erika M. Salles’, Karina R. Bortoluci®, Robson Coutinho-Silva®*?,
Mario H. Hirata® José M. Alvarez', Elena B. Lasunskaia®"’, Maria Regina D'Império-Lima'""

1 Departamento de Imunologia, Instituto de Ciéncias Biomédicas (ICB), Universidade de Sio Paulo (USP), Sdo Paulo, Séo Paulo, Brazil, 2 Laboratério de Biologia do
Reconhecer, Universidade Estadual do Norte Fluminense (UENF), Campos dos Goytacazes, Rio de laneiro, Brazil, 3 Centro de Terapia Celular e Molecular, Departamento de
Ciéncias Biolégicas, Universidade Federal de Sdo Paulo, Sao Paulo, Sao Paulo, Brazl, 4 Programa de Imunobiologia, Instituto de Biofisica Carlos Chagas Filho, Universidade
Federal do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil, 5 Instituto National de Géncia e Tenologia para Pesquisa Translacional em Saldde e Meio Ambiente da
Regido Amazdnica, Rio de Janeiro, Rio de Janeiro, Brazil, 6 Departamento de Quimica e Toxicologia Clinica, Faculdade de Cigndas Farmacéuticas (FCT), University of Sao
Paulo, Sao Paulo, Sao Paulo, Brazil

This study provides a perspective for the development
of new therapeutic approaches in which drugs
designed to inhibit the P2X7 receptor are used to
ameliorate the outcomes of aggressive forms of TB.
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Review
Innate immunity in tuberculosis: how the sensing of mycobacteria and tissue
damage modulates macrophage death

Eduardo P. Amaral **, Elena B. Lasunskaia ”, Maria Regina D'Império-Lima **
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The success of Mycobacterium tuberculosis as a human pathogen has been attributed to the ability of the bacillus to proliferate inside
macrophages and to induce cell death. This review describes how the sensors of the innate immune system modulate the cell death pathways in
infected macrophages and, consequently, the pathogenesis of tuberculosis.
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ATP

TN

The purinergic signalling following tissue injury has three

temporal phases

Adenosine

N\

Acute: initiation of inflammation

ATP release:

* Nerves

* Mast cells

* Platelets (ADP)

* Apoptotic cells

* Necrotic cells

* Stressed cells (pannexin
channels, connexin channels,
maxichannels and P2X R pores)

Subacute: resolution of inflammation

* Reduced ATP release and rapid
dephosphorylation

* Accumulation of T, cells expressing
CD39 and CD73 (accelerated ATP
dephosphorylation)

Inhibitory G -coupled A2AR induction

and activation

* Lymphocytes (decreased T 17 cells
and increased T, _cells)

Chronic: fibrosis and angiogenesis

Moderate rates of ATP release and rapid
dephosphorylation

Activation of G - and G_-coupled A2BRs:
* Macrophages and/or DCs (wound
healing, IL-6 release, fibrosis, T 17
polarization, VEGF and angiogenesis)
* Pathological responses (fibrosis and
heart failure)

Excitatory P2 receptor activation * Macrophages a.r;a/or DCs
(chemotaxis and activation): * Platelets
* Phagocytes * Mast cells
*DCs * NK cells
* Mast cells * B cells
* Platelets
* Lymphocytes (increased T, 17 Inhibitory G -coupled A2BR induction
cells and decreased Tw cells) and activation:
* Macrophages
/ * DCs
Time after tissue injury \ =
Minutes Hours Days Weeks/
months

Cekic and Linden (2015) Nature Rev. Immunol., 16: 177-192.



* M2 polarization
« T VEGF production

1 Tumour antigen
cross-presentation

» T Population expansion

. lTHl cells

» Timmunosuppressive effects oT Tpg cells

Inhibition of
tumour cell lysis

¥ D

Dendritic cell

Myeloid-derived
suppressor cell
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Adenosine inhibits T cell activation

P2X R, PZX R
or P2Y,,R

C-terminal SRC kinase (CSK) l

A2AR

Effector T cell Proliferation
/

Cekic and Linden (2015) Nature Rev. Immunol., 16: 177-192.



Hypervirulent mycobacterial strains show various
degrees of pathogenicity

Mtb Mtb Mbv
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Hypervirulent mycobacterial strains show various
degrees of pathogenicity
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Lung CD4" T cells from mice infected with most
virulent strains are suppressed
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Lung CD4" T cells from mice infected with most
virulent strains are suppressed

Gated on Live/CD4* Control

18.9 2.6
CD44 A ]

e

Beijing 1471
CD69
T
/A =
o
5 a g
S A © o
PD1 MP287/03
)
=
o
o
1 Control

M H37Rv [1B2
M Beijing 1471 7] MP287/03




Specific CD4* T cells in the pulmonary parenchyma of
mice infected with most virulent strains are suppressed

PE-anti-CD45 mAb i.v.
(intravascular cell staining)
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CD4* T cells in the lung parenchyma of MP287/03 Mbv-
infected mice express ecto-AlPases
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Inhibition of adenosine receptors by caffeine increases

CD4* T cell numbers in the lung parenchyma of
MP287/03 Mbv-infected mice
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Inhibition of adenosine receptors by caffeine restores
IFN-gamma production by specific CD4" T cells in the
lung parenchyma of MP287/03 Mbv-infected mice
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Inhibition of adenosine receptors by caffeine improves
protection against MP28/7/03 Mbv
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