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Course of HIV infection

CD4* T-cells

iHIV specific
:CD8* T-cells

? ?

6 - 12 weeks - 1 - 25+ years - 2 - 3+ years
=> petter understand disease progression...
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Immune activation and progression towards AIDS

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

\J

Chronic immune activation
(Adaptive and Innate Immunity)

< e e ——————
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Immune activation and progression towards AIDS

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

C Massive depletion of CD4+ T cells
a.u S eS particularly in gut-associated lymphoid tissue

Immune response Production of
against HIV HIV proteins
T, B and NK cells gp120, nef, tat

Bacterial Viral
translocation reactivation
TLR ligands in particular CMV

|

Chronic immune activation
(Adaptive and Innate Immunity)

Consequences

ra¥s

Immune exhaustion /
Immunosenescence?

\
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Subpopulations of T lymphocytes (CD4 & CD8)

Viral bad

Differentiation
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1. Initial evidence of immune aging in HIV infected patients:
High frequency of highly differentiated / old memory T cells

Memory T cell subsets & Aging features
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Is increased frequency of CD28-/CD57+ T cells such a relevant
marker of immune aging and HIV disease progression?

Absolute numbers Evolution with ART
—r— Longitudinal Transversal
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What drives the accumulation of CD57+ memory T-cells?

=> CMV specific CD8+ T cells => In HIV+ patients (specially ART+):
strong CMV specific responses

are highly differentiated
CMV pp65 specific CD8+ T cells

CD8+ T cells 2 100
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CMV => Confounding factor of the immune parallel
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CMV co-infection in HIV infected patients

-Impact on immune profile in HIV infected patients
=> Main driver of accumulation of CD28-/CD57+ T cells

- Impact on chronic immune activation and inflammation

(increased CD38+ T cells, IL-1b, IL-6, IP-10 levels) (Hunt, JID 2011, Freeman, CID 2016)
=> |nfluence of immune reconstitution capacity (Appay, AIDS 2011)

=> Co-infections e.g. HCV (Kuniholm, Plos One 2013)

=> Comorbidities: cardiovascular and neurocognitive disorders

Carotid artery intima-media thickness & CMV 1gG or T cells
(Hsue, AIDS 2006; Parrinello, JID 2012)

- Impact on mortality (non AIDS events) e
=> Infants born from CMV/HIV coinfected women 1 .

=> CMV/HIV coinfected adult patients sl G :
(Slyker, AIDS 2009; Lichtner, JID 2015) g 0 !

CMV => Risk co-factor of multiple comorbidities in HIV infected patients

i
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Accumulation of
end stage memory
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Short Telomere,
Reduced proliferation)



2. Collapse of naive T cell frequencies
with HIV disease progression and aging

Absolute numbers Evolution with ART
Longitudinal Transversal
Naive CD8+ T cells Naive CD4+ T cells 60- *x__ *
- ".' '." vew r_.-wo g ol o : 600- E : 2
ww ave 8 50- % % 500_ : : v V'
600- . I 900 4 I @0 o—XQ = i oL ; ; =
= = | 800 o : & 2 S ga400q v
= 500‘ 9 | 2001 | a 1 &3 | . vy
T"J | o ® ! ’ ! O 304 Q 8 300- : :VV v
® () ' '
= 400] | o ; 6007 o | 7 - 2 ® | OV v
g lee © '00 5001 g o :o’ = 201 > 2 2004 o2 | ; w ¥v
3 300- ! %o o & A ] & Y Ty v
S "% b l.o 400{ o, - " 10 z 2 T e B A .
o “ | y ' A o < 100 & . ‘v w v
= 200-. , 300-_q 0, P %—ng v‘% v
- | 200 oy ‘ u = 0 0 — B T
5 : 100{ ® %: t v » 507 =800 i .
‘ 2 = : :
0 — &R 0- ® .0 2 = 7004 ; ;
M i Y M O'H I L O 404 88c00l | v
| e )
1 - : :
;m T | % ) T Es00] o |
HIV- | HIV+ HIV- 1 HIV+ S 58400 g vy
l ' ® 50 2 lotB : »
P<0.0001 P<0.0001 P < 0.0001 P < 0.0001 e 9 - ieins S ——
r=0.74 r=049 r=063 r=082 E o 3 @ 2005 ! v
© < 100 ¢! Ly Y
N\ N\ U 1§ i
0 0-

M | L | Lx Ix Hx

=> Strong association with HIV disease progression  HIV-HIV+  HIV+ Tx+
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CD8+ T-cell priming efficacy and HIV infection?

@ CD8+ T cells &
e (effector functions: IFN-g+TNF &
Perforin+Granzyme &
™)@

Vaccines
Clonal loss and
& exhaustion Immunotherapies

Control of HIV
replication and reservoir

— Creation of neoantigens

Genomic instability of HIV: _ Escape of immune recognition

=> Key role of CD8+ T cell naive pool and priming capacity to fight HIV

Impact of immunosenescence on capacity to mount
new CD8+ T cell responses in HIV infected patients?




Measure the efficacy to induce a de novo CD8+ T cell response
=> use of a simple in vitro model of naive CD8+ T cell priming

|. Founding element
High frequency of Melan-A specific naive CD8+ T cells
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lll. Advantages

- Simple human setting
- Using little biological materials => Large comparative studies of human samples
- Large panel of donors (HLA-A2)




Assessment of in vitro CD8+ T cell priming efficacy
in HIV-1-infected donors (with low viral replication)

Frequency of in vitro expanded tetramer+ cells => Priming efficacy
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Qualitative analysis of primed CD8* T cells

Priming conditions:
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=> Qualitative reduction of T cell priming efficacy
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Premature immune aging in HIV infection

Healthy
donor

HIV infected
Non progressor

HIV infected
Progressor

HIV infected
Treated

Healthy
elderly

rematopoietc | Thymus Nave
/ Stem cells
» 9
@@@

Accumulation of
end stage memory
lymphocytes
(CD28- / CD57+
Short Telomere,
Reduced proliferation)

HIV disease
, _ progression
(@ & => Exhaustion of
? primary immune
ressources
(naive cells)
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Immunological failure with ART

Aim => Characterize the circulating HPC compartment in HIV-1 infected

patients with good or poor immune reconstitution under ART

IR: Immune Responder
(good immune reconstitution
under ART)

NIR: Non Immune Responder
(poor immune reconstitution
under ART)

I3
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Disruption of the hematopoietic compartment
in treated HIV-1 infected patients

CD34+ cell counts Phenotype (lymphoid vs myeloid)
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=> NIR = low CD34 cell frequency, in particular CLP (lymphopoiesis)




Impaired lymphopoietic capacity of CD34+ cells
from treated HIV-1 infected patients

Clonogenic potential of CD34+ hematopoietic progenitors
=> Lymphopoietic and reconstitution capacity of donors
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=> Reduced and skewed lymphopoietic capacity and increased
mortality (pyroptosis) of hematopoietic progenitors from NIR
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Altered hematopoiesis and inflammation

Ex vivo association between CD34+ cell numbers and inflammation markers

- 9 804
4000 P<0.01 o) P <0.0001
= . r=-0.42 © ° r=-051
£ ool
> 3000 c ° °
g 4 GEJ
< o
b X + - °
8 2000 e ° o % 40
] ° ° . ° O ° [}
T 1000] ® eeqqgq o0 0o o £ 201% .
7 o o + o ..% . o °
o ] . A .‘o Y e ©
O T T T T 1 o 0 T T T 1
0 1 2 3 4 5 < 0 1 2 3 4 5
CD34+ cell count (cell/l) ° CD34+ cell count (cell/pl)

Reduced in vitro TLP induction in the presence of inflammatory molecules

Differentiation Altered®lifferentiation
<~ 307 « * ns ns
a — ——
| o 29 o 0
Stem cells &_) 204 ® 0 u]
° . o o o
T 150 40ts g . o
K = 10-’._'_ I e—\ °© =N -~
\ Q ' Y] Q)O -8_ o (]
% 05] o o & 0@ % o0 O
<
LLJ O-G T T T T T T v T T T
14 28 14 28 14 28 14 28
Control IL-6 IP-10 LPS
5 Inflammation => impaired lymphopoiesis

Qo e s = EXTRINSIC FACTOR



Evidence of senescence in hematopoietic progenitors
from HIV infected patients

Telomere length Telomerase activity
(gPCR) (TRAP assay)
25 ] Kk 4 ]
R ns &) *
2wl o relomere £ | ¢
g ., dys l{nChOn p:
Pl o, A 8 e [ N
> oo © N + 2788 n
@ iy < .
o 101 (o] ] 92 o0 -
- 1 A
= 54 @g A < 328 oA
—h A
i o Al e o® ad
0 I I I I O I I I I
M 0\ IR NR M O | IR NR
g J \ y

Hematopoietic progenitors in NIR => approach senescence
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Impact on naive T cell compartement in HIV infected patients

Absolute counts Telomere length
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Premature immune aging in HIV infection

Bone Hematopoietic

marrow progenitors
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Immune activation and progression towards AIDS

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

C Massive depletion of CD4+ T cells
a.u S eS particularly in gut-associated lymphoid tissue

Immune response Production of
against HIV HIV proteins
T, B and NK cells gp120, nef, tat

Bacterial Viral
translocation reactivation
TLR ligands in particular CMV

|

Chronic immune activation
(Adaptive and Innate Immunity)

Consequences

< e e ——————

UNIE=
- 19 JNI, Nantes, du 13 2u 15 juin 2018 Collapse of the immune system / AIDS




Immune activation and progression towards AIDS

Ccauses

Consequences

Appay and Sauce, J Pathol, 2008
NES
- 19*= JNI, Nantes, du 13 au 15 juin 2018

HIV infection and repllcat|on

Main target: activated CCR5+ CD4+ T Iymphocytes

Massive depletion of CD4+ T cells
particularly in gut-associated lymphoid tissue

Immune response Production of
against HIV HIV proteins
T, B and NK cells gp120, nef, tat
Bacterial Viral
translocation reactivation
TLR ligands in particular CMV

|

Chronic immune activation
(Adaptive and Innate Immunity)

1

Sustained cell death
Turnover and Senescence

|

Homeostasic mechanisms
Immune cell renewal
Hematopoiesis

}

Secretlon of
proinflammatory
cytokines
e.g. IL-6, TNF, IL-1p, IP-10

4
N
A&
X
A<

Inflammation
related disorders

osteoporosis
. atherosclerosis
Exhaustion of neurocognitive deterioration
immune resources frailty
decline of regenerative capacity Inflam-aging

loss of effective anti-HIV immunity

\ \

Immunosenescence / Systemic aging

Collapse of the immune system / AIDS




Implications:
“Unhealthy vs. healthy” HIV infection

Viral replication & Low VL &
Chronic immune Limited immune
activation activation

rogression

VS.

Preserved
immune
resources

Potent immune
responses &
Imm reconstitution

Weakened immune
responses &
Imm reconstitution

immune
resources

VICIOUS CIRCLE VIRTUOUS CIRCLE

=> Promote preservation of primary immune resources
in HIV-1 infected patients:
- Early immune control (vaccine)
- Early ART initiation
- Restore hematopoietic resources (pharma, reprogramming)
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Colliding cell cycle/mTOR, cell death, and senescence pathways
In hematopoietic progenitors from the elderly (HIV-)

Inflammatory factors (cytokines, PAMPS) @
~ ll /
Receptors

=> Pyroptosis
related programmed
cell death

|

Impaired
lymphopoiesis

|

Old hematopoietic progenitors

(Fali et al, JCl insight, in press)



% of TLP in culture

Impaired lymphopoietic capacity of CD34+ cells
from treated HIV-1 infected patients

Clonogenic potential of CD34+ hematopoietic progenitors
=> Lymphopoietic and reconstitution capacity of donors
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Altered hematopoiesis and inflammation
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