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Estimated number of people living with HIV and adul  t HIV prevalence

Global HIV epidemic, 1990 —2007 HIV epidemic in sub-Saharan Africa, 1990  -2007
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Course of.  HEV,.infection
—— T _

Chronic infection

Acute infection Asymptomatic period

AIDS and death

CD4* T-cell count

' HIV specific
, CD8* T-cells

Neutralizing antibq:)dies

6-12 weeks 1 - 15+ years 2.3+ years

CD8+ T cell attributes of efficacy?




HIV infection and replication
Main target: activated CCR5+ CD4+ T lymphocytes

Persistence of this processus participates to

Appay et al, J Pathol, 2008 Collapse of the immune system / AIDS
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Causes

Consequences

Appay et al, J Pathol, 2008

HIV infection and replication
Main target: activated CCR5+ CD4+ T lymphocytes

Immune response Production of
against HIV HIV proteins
cellular and humoral gp120, nef
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Immunosenescence?

Persistence of this processus participates to

Collapse of the immune system / AIDS




| Mmunosenescence:
Deterioration of the immune system with time/ age

=> |ncreased susceptibility and severity of old people
to Infectious, auto-immune and cancer diseases

=> Alterations of phenotype and function of cells and organs
of the immune system associated to advanced age
(in particular adaptive immunity)



The different organs of the immune system




Immune response / immunocompetent cells
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The development of immune system cells
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HIV infection and replication
Main target: activated CCR5+ CD4+ T lymphocytes

Causes

Consequences

Appay et al, J Pathol, 2008

Immune response Production of
against HIV HIV proteins
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Bacterial Viral
translocation reactivation
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immune phenotype & functions

Hematopoietic stem cells _ CD34 count in the blood

- CFU proliferation
(CD34+ cell culture)

- thymic activity
(TRECs, naives cells
counts/ CD31+/-)

-T CD4/ CD8 differentiation
(IL-7R, CCR7/CD27/CD28)
and activation (CD38/
HLA-DR/ Ki67)

- Senescence
(Telomer length)

- Cellular exhaustion
(PD-1, KLRG-1, CD57)



Cross sectional study of ART naive patients

Patients groups
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I: between 200 and 500 CD4* T cells/pul
L: below 200 CD4* T cells/ul

Healthy donors
young (Y), middle aged (M) or old (O) adults,



Number of T lymphocytes
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CD45R isoforms
| * A transmembrane phosphatase that regulates signalling through the T-cell receptor (TCR)~CD3 complex”®.

» Distinct isoforms are generated by alternative splicing of amino-terminal A, B and C exons. The high-molecular-weight

protein (CD45RA) contains A and B and/or C exons, whereas the low-molecular-weight form (CD45R0) does not

contain any of the variable exons™.

+ T-cell activation induces a shift from expression of CD45RA to CD45R0™!,
* The transition from expression of CD45RA to CD45RO is reversible*!,
» CD45R0 might be more efficient in supporting TCR—CD?3 signalling™.

CDe2 ligand (CD62L)
+ A member of the selectin family of cellular adhesion molecules®.

* Involved in homing to high-endothelial venules through the binding of 6-sulpho-Lewis X84,
» Expressed by naive T cells, but is rapidly lost after activation'%.
+ CD62L might be re-expressed by primed T cells in vivo when central memory cells are formed™.

CD28
» Animmunoglobulin-superfamily protein that binds to both CD80 and CD86 expressed by antigen-presenting cells®.

» A potent transducer of co-stimulatory signals that influence proliferation, interleukin-2 secretion, survival and

acquisition of effector functions®,

» Prolonged stimulation might result in the loss of CD28 expression from both CD4* and CD&* T cells¥,
« T-cell activation can induce re-expression of CD28 on the cell surface of CD28- T-cell clones™.

CD27
* A tumour-necrosis factor (TNF)-superfamily protein that binds to CD70 expressed by activated lymphocytes and
dendritic cells*™®,
646585

* Promotes the formation of effector and memory T cells and the acquisition of effector functions
* The interaction between CD27 and CD70 induces the loss of cell-surface expression of CD27 (REFS 65,66).
» Prolonged stimulation might result in the loss of CD27 expression by both CD4* and CD8* T cells™.

+ T-cell activation does not induce re-expression of CD27 at either the messenger RNA or protein level®,
CCR7

» A chemokine receptor that binds both CC-chemokine ligand 19 {(CCL19) and CCL21 (REE.91).

» Directs the migration of lymphocytes to lymph nodes™.

« Activation of naive T cells leads to the downregulation of expression of CCR7 (REE. 15).

» CCR7 is re-expressed by CCR7- T cells after stimulation®>®°,

CD45RA
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Van Lier et al, Nat Rev Imm, 2004



Naive T cell frequencies

s with HIV infection and aging
Naive CDB+ T cells Naive CD4+ T cells
6000 T —1 g0y, T —
S . : ) - |
- : | o ® 7001 oo !
= 4001 ! 600- - I
= los @ e e 5001 g ® T
3 3001 ' 1% 89
S "% &b |¢* 400] o, i
£ 2001 '] : o 300- ﬁ o : T
s 1 | 0¥ 200] e ’ |
g 1007ee . r::-: o 100 ® |
4 _ % t 3
0 T # %— 0-
0 : L Y M O : H
_..ﬂﬂ ;mﬂ..._ .. i m..._
HIV- | HIV+ HIV- 1 HIV+
| |
P<0.0001 P<0.0001 F<0.0001 P< 0.0001
r=0.74 r=049 r=063 r=082

S ™SA



HIV infection and premature immune aging

Healthy donors
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HIV infection and premature immune aging

> Healthy donors
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Accumulation of end stage memory T lymphocytes
with age or HIV infection

Memory T cell subsets
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Accumulation of end stage memory T lymphocytes
with age or HIV infection

Memory T cell subsets

Memory T cell differentiation
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Accumulation of end stage memory T lymphocytes
with age or HIV infection

Memory T cell subsets

Memory T cell differentiation
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Number of other lymphocytes: B and NK cells

B cells NK cells
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Number of other lymphocytes: B and NK cells
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=» Reduced capacity to produce
all lymphocyte subpopulations with age or HIV disea Se progression



Development of lymphocytes:
Hematopoietic progenitors

Thymus
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Hematopoietic progenitors and HIV infection...
Impaired HPC function: Yes! (reviewed in Moses et al, Blood, 1998)
But relevance in HIV pathogenesis?



Study of hematopoletic progenitors
CD34+ cells: quantitative aspects

Analyse HPC in the blood to generate large data set

1. Numbers of circulating CD34+ (lin-) cells

Control HIV+

T Jo.02%




Study of hematopoletic progenitors
CD34+ cells: quantitative aspects

Analyse HPC in the blood to generate large data set

1. Numbers of circulating CD34+ (lin-) cells
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2. Clonogenic potential (CFU assay)




Study of hematopoletic progenitors
CD34+ cells: qualitative aspects
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=> HIV disease progression

and impaired lymphopoiesis

=> Basis of immune parallel
between HIV infection & aging

Cause of impaired lymphopoiesis

In HIV -1 infection?



Cause of impaired lymphopoiesis ?

|. Infection of CD34+ cells by HIV?



| Cause of impaired lymphopoiesis ?

|. Infection of CD34+ cells by HIV?
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| Cause of impaired lymphopoiesis ?

|. Infection of CD34+ cells by HIV?
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|l. Effect of immune activation?
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| Cause of impaired lymphopoiesis ?

|. Infection of CD34+ cells by HIV?
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Immune activation and hematopoietic factors

SDF-1a
(Aiuti et al, JEM, 1997)

IP-10
(Sarris et al, JEM, 1993)

MIG
(Schwartz et al, JI, 1997)

=> Mobilisation of
Hematopoietic
progenitors
(migration & proliferation)



(migration & proliferation)

Immune activation and hematopoietic factors

SDF-1a

(Aiuti et al, JEM, 1997)
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=> Mobilisation of
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Immune activation and hematopoietic factors

SDF-1a
(Aiuti et al, JEM, 1997)

IP-10
(Sarris et al, JEM, 1993)

MIG
(Schwartz et al, JI, 1997)

=> Mobilisation of
Hematopoietic
progenitors
(migration & proliferation)

=» Alteration of hematopoietic system in HIV infection
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Immune activation and altered lymphopoiesis
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Immune activation and altered lymphopoiesis
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Disease progression
despite elite control of HIV replication
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Disease progression
despite elite control of HIV replication
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Part lll: Resources & reconstitution
in ART- treated HIV seropositive
patients



=> Impaired lymphopoiesis:
conseguence of Immune activation

Effect of anti-retroviral therapy ?




| Longitudinal study of treated patients
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Longitudinal study of treated patients
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Patients groups
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d lymphopoiesis normalization
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Conclusions:
Accelerated immune senescence in HIV-1 infection

I. HIV disease progression => development of premature
immunosenescence phenotype
Basis = altered lymphopoiesis

II. Altered lymphopoiesis => likely consequence of immune activation /
inflammation levels
(= mechanism in HIV pathogenesis... and immune aging...?)

ITI. CD4 reconstitution with ART is associated with re-established
lymphopoiesis
(immunologic failure = persistent damage to hematopoietic system)
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Profound CD4 T-lymphopenia

Infection of the thymus

HIV protein mediated effects

Susceptibility to opportunistic pathogens

=> HIV infection leads to severe immunodeficiency
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ILES PC alle —
VIH et vieillissement

"~ Infection

* Inflammation accrue
Niveaux elevés de cytokines proinflammatoires (ex T NF-a, IL-6) dans le
serum

* Atteintes cardio-vasculaires (athérome)
Taux elevé d’infarctus du myocarde, épaisseur intima  -media carotidienne
élévée

* Biologie de l'os altérée (ostéoporose)
Contenu mineral et capacité régenatrice des os dimin  ués

« Symptomes associés avec des altérations neurocognit ives
Perte de mémoire, capacité mentale reduite, demence

» Développement prématuré de la fragilté

Altérations physiologiques associées avec un age av ance

(perte de poids, sensation d’épuisement, faiblesse, marche ralentie et
faible activité physique)
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