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Learning Objectives

1. Be aware of markers that may help predict who among people on ART may have better chances to
control viremia if ART is discontinued for any reason.

2. Understand the viral and host factors that have been associated with post-treatment control, as well as
the immune mechanisms mobilized during acute infection vs treatment interruption.

3. Know the difference between HIV remission and HIV cure.

4. Understand how post-treatment controllers are different (or are not) from other cases of durable
remission or potential HIV cure.
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Living with HIV but without ART: HIV remission and HIV cure

Typical viral rebound
<2months
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STOP Years after ART interruption

HIV Cure

Complete elimination of infected cells

Permanent

HIV Remission

The virus may persist at low levels but remains
undetectable, controlled by host mechanism

May be transient



Viral Load

HIV remission: learning from the few exceptions

Typical viral rebound

<2 months

Delayed rebound
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Post-treatment controllers
VISCONTI. SPARTAC, CHER, CHAMP
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31 PTC (9 women)
HIV diagnosed (mean) : June 2001

73% symptomatic PHI

Viremia at ART initiation : 5.1 [4.6-5.8] Log RNA
Multiple ARV strategies

Time on ART : 3.8y [2.3-6.1]

Age at ART discontinuation: 38y [33-45]

Time off ART : 13.1y [8.2-16.1] max >23y
Age at last follow-up : 53 y [42-60] — max. 82y

7 PTC have resumed cART
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Post-treatment controllers: a durable phenotype

Over a decade of HIV remission in most PTCs
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Inflammation markers in PTCs close to levels found in general population
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Hocqueloux et al AIDS 2010; Sdez-Ciridn PLoS Path 2013; Frange et al Lancet HIV 2016

Early ART as starting point towards post-treatment control?

Initiation of treatment during primary infection favors control after ART interruption (VISCONTI)

Advantage of early ART initiation has been proposed in other independent studies:

PRIMO: 8.5% PTC 1y after ART interruption among early treated

CASCADE: 8.2% PTC 1y after ART interruption among early treated
SPARTAC : 7.6% PTC 1y after ART interruption among early treated
OPTIPRIM: 6.5%PTC 1y after ART interruption among early treated

CHAMP: 13% PTC among early ART versus 4% among ART in chronic infection
Lodi et al Arch Intern Med 2012; Goujard et al Ant Ther 2012; Cheret et al JAC 2015; Namazi et al JID 2018; Gossez et al AIDS 2019
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Is there a window of opportunity for ART initiation?

Chance of post-treatment control

Limited Window
of Opportunity

Late ART
Large reservoir
CTL escape
T-cell dysfunction
Inflammation

Very Early ART
Limited
adaptive immunity

Small reservoir
Limited escape
Optimal
maturation of
host
responses?

Time of ART initiation

Adapted from Goulder and Deeks, PLoS Path 2018



All the same... but all different in response to viral infections
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Viral factors lifestyle Immunogenetics
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The pVISCONTI study: Non-human primate (NHP) model of-post treatment SIV control:

p(rimate)VISCONTI:

Impact of early (d28) vs late (M6) initiation of prolongued ART on the outcome after treatment interruption

Cynomolgus macaques from Mauritius, SIVmac251

SIVmac251 ART ATl Immune response
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CART regimen: TDF (5.1 mg/kg) + FTC (40 mg/kg) + DTG (2.5 mg/kg) CART duration = 24 months modeling
Route of administration: subcutaneous Post-ATI follow-up = 12 months

MHC H6 haplotype associated with natural control was excluded

Passaes et al Nat Com (accepted)



Drastic evolution of viral diversity 6 months after infection

Viral quasispecies in different tissues from six
macaques at 6 months post infection

" w7

M117.PerilN.COS

w1700

M117.Biogls

PC2 (6.98%)

Millet, Avettand-Fenoel. Unpublished

h "

CCA033

CCA100

CCB117 CCC039
Inoculum|

M30 PerLN.CO4

9.8 CD4

M39.Sigmoid C

M39 Blood plasma
AN

PC1 (9%)

Inoculum

Dynamics of viral evolution in one individual

£
3 ™ 8
2028898822, 2388388¢
E85000038880005000a0888a
61 45 51 53 50 12 17 17 13 14 7 |22 50 45 45 18 28 29 25 23 8
44 51 53 49 12 18 20 1513 7 2 1 50 45 47 18 30 32 26 24 6
56 59 52 16 19 23 20 19 11 5 4 47 48 53 21 37 35 33 31 §
77 74 21 24 33 25 25 11 10 4 66 74 73 25 46 46 44 40 7
18421 33 40 31 30 15 11 4 66 71 81 30 57 53 55 51 13
204150 37 35 13 11 4 63 73 76 37 66 62 62 58 14
23272520 7 2 2 1521 28 36 34 35 29 29 10
51383413 9 8 17 24 31 29 50 55 53 50 17
51462113 6 24 34 40 32 61 65 63 62 22
39 16 13 7 17 26 30 24 48 50 48 50 20
2111 7 21 24 31 25 47 46 48 57 19
9.6 91113 816202223 9
358 88291213158
233246475
6563 20 38 36 34 34 8
75 24 50 47 46 42 9
34 59 56 54 51 14
43 4237 34 9
a 7976 70 19
76 68 20
b 73 20
2
C
Number of shared variants:
0 18 36 54 72 90
L 1 1 1 1 1
Number of varian
[] 26 52 78

CD4 D185

@2 2 D185

21

8
5
“
39
34
48

50
51
1
15
19
17
14

5

7

2
48
a
a5
16
34
28
28

25
8

10
19
12

CD14 D92

67 43
60 44
60 41
58 48
17 17 18
19 15 13
35 38 35
28 27 22
40 33 15
62 37

2

2BRILREHE0RLRIRBIBAIRLKCDI4D4

15
123

24
18
48

26 20
28 26
17 14

8 10
8 11
11
19 16
2524
27 24
1212
23 23
30 31
2528
28 27
19 22
55 51
38 39
1515
18 16
23 21
112
21 21
30 31
29 30
3233
17 20

18127 7 8

5
17128 7 10 3
8

17 15 10
22 18 18
28 26 22
27 27 21
1612 9
22 24 15
31 30
29 27
29 25
18 19
56 55
36 38
19 16
23 19
29 22
1512 8
32 27
32 30
323
37 35 25
17 16 13

40 33 43 42 42 36 39
77 70 86 84 84 85 81
66 67 77 73 70 72 64
14 5 11 11 16 12 10
25 16 21 22 33 29 18
22 21 27 30 30 31 20
19 19 24 21 23 21 16

6478 76 77 74 78 74 63 32 31 61
73 71 66 70 66 65 55 30 29 55
187 83 81 85 78 74 34 32 63
82 82 80 71 63 32 33 61
79 81 77 64 33 34 61
8175 63 30 31 61

75 69 29 30 54

12

1
1%
17
5
18
20
18
23
13
36

73 67 30 36 68
66 57 36 33 59
99 47Mm
19 20 22 16 27
16 21 20 15 29
14 15 20 13 26

13

113
16

25 21
27 24
8 13
39 24

68 28

& & ~ Duodenum
oo oo e lgunum

PYSS
gN~@ NG~ an e leum

10

11 29
7 16 11
10 26
17 31
20 28
19 31 19
19 11
38 19
3213
915 9
9 18 10
2415
71712
30 20
30 21
17 30 20
20 36 24
10 18 13
2133 17

28 58

14

13
16
1
14
8
27

30
5
6
6
3
7
7
3
8
6

23

26 47 48
27 48 44
9.4 5
2110 7
2011 5
2012 4

26 53 49
26 50 41
27 53 53
31 56 50
30 50 50
28 52 49 20
24 51 53 18
21 49 50 22

MNB O AL a3 e eSS ®e N e = Ascending C.

ERNAGENENENNANEIRESRGeayy
-

26 27 50 20 41 41 17
2132222117 11
271320 21 14

24 38 34 15 37 38 50 49 39
22178 2315 28 27 21

© o Transverse C.

8

S
@
£
€
8
8
@
8
a
3
3
7
1

B

13
13

16

51
a8
7

1
15
12

52 47
49 46
53 50
52 52
59 50
54 53
53 51
51 50
43 42
24 22
29 27

3 © © Sigmoid C.
~ @ & Colon CD4

2 @ ~/N @/ Colon CD14

12 59
4 43
13 65
14 62
28 20 16 60
32 25 19 58
1416 8 12
28 39 29 19
58 72 57 34
53 67 48 23
910 8 31
2317 13 64
27 19 16 59
24 18 11 32

54 65 52
52 62 48
55 74 57
59 75 52
58 74 55
57 70 57
49 69 54
5165 53
43 58 41
27 27 18
26 33 27

18
13
22
20
26
2

40 16 38 32 42 48 36 7
15 38 34 33 49 45 6

17 14
36

172115 3
43 58 51
36 48 41
53 43
5

20

NNA OO NRE DR e~~~ NN Rectum D185

©az3oewwlug

A N©~No s o e~ e e Liver

W WRRNNNGAAANARAGS R Ea® oA as s e e N Kidey

PO ® o NA D

ER-5

ER

A NN NS SR ANNNN AN AAR NN G NN A NN RN S = Skin

,_
<

>

e
]
2
2
1
6
9
10
8
3
8
1
10
10
1
38
33
46

®©2 3 ®a~~oaswSubcutaneous AT,

50
a6
55
10 8
9 10
6 7

CCA033

TOTAL VARIANTS

70 Inoculum
71 Inoculum
71 D3

91 D7
D10
D14

45 D28
68 D35
79| D42
76 D56
69 D86
51 D122
§921D169
75 D185
80 D7

D185

CD4 D185
88 CD14 D7
Bllcoi4D14
88 cp14 D28
601 CD14 D92

Duodenum
Jejunum
lleum
Ascending C.
Transverse C.
Descending C.
Sigmoid C.
Colon CD4
Colon CD14
Rectum D29
Rectum D77
Rectum D185

Damaged skin
Subcutaneous A.T.
Visceral AT.



Early antiretroviral treatment favored a delayed viral rebound
and lower viral setpoint post-ATI

Viral Load
(RNA copies/ml)

Higher rate of post-treatment
controllers (VL<400 copies) among
early treated macaques, at the end of
the study

Passaes et al Nat Com (accepted)
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Which are the mechanisms associated
with post-treatment control?

Viral rebound Post-treatment control
; _ B e

Limited reservoirs?

>

Host barriers?




Total HIV-1 DNA level (log cp/million PBMC)

Low frequency of infected cells... but carrying infectious viruses
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Passaes et al submitted

Similar SIV-DNA levels in PTC and non PTC at ART interruption

SIV-DNA (Log copies/10° cells)
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Viral load (Log RNA copies/ml)
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Clinical observations informing on durable post-treatment control

Reverting an unfavorable situation Transient viremia, not generally
5 good for permanent control
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Antibody titers: retracing the history of antigen exposure in PTC

Higher antibody responses associated with PTC with episodes of viremia
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Cell Host & Microbe

Anti-V1/V3-glycan broadly HIV-1 neutralizing
antibodies in a post-treatment controller

Graphical abstract
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: changes in the dynamics of humoral response

Early vs delayed treatment
ART D28
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Transient antigen exposure may drive expansion of efficient immune

responses after ART interruption in some PTC

Correlation between antibody activities and CD8+ T
cell suppression capacity in PTC
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Day 28 p.i.

Early ART initiation promotes a more efficient SIV-specific CD8+ T cell response

Superior SIV-suppressive activity of CD8+ T cells expanded against
rebounding virus than against virus in primary infection
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CD8+ T cell response after early ART: restricted activation

Lower activation levels on CD8 T cells after ATI

in early ART grou
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CD8+ T cell response after early ART: proliferation correlated with SIV suppressive activity
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More robust proliferation of CD8 T cells after
ATl in early ART group
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Different expansion of CD8+ T cell subpopulations during primary infection and
after treatment interruption
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CD8+ T cell response after ATl seems to be driven by expansion of early memory populations

Passaes et al Unpublished



Early ART initiation (week 4) favored delayed viral
rebound and lower viral load set point post-ATl
A higher frequency of PTC was observed among

the early treated animals

Poor antiviral capacity of SIV-specific CD8+ T

cells developed during primary infection

CD8+ T cell response after Tl is characterized by
expansion of early memory populations and

limited activation

Prolonged early ART favors the development of
a robust “secondary” SIV-specific CD8+ T-cell
response, in blood and lymphoid tissues, that
may contribute to counteract viral rebound after

Tl

Viral Load
(Log RNA copies/ml)

CD8 mediated SIV-suppression
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Shrinking translation competent reservoir despite silent control?
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CD8 T cell antiviral activity
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The HLA-B*35 paradox:

unfavorable HLA alleles highly frequent among PTC

* Reference population PRIMO
n=12188 n=3230
m B57/58 , 9000000 0000000«
mm B27 (9 00000000 JJXIXJXJX I X))
B4 & @d 0000
m B35 %
mm B'53 T
&=
9
9
<
B35/53
HIC *
PRIMO - *
New international PTCs PTC- *k
200 PTC: 1B35
1 mPTC: 1 B35 0.'25 0j5 ; é :‘

Odds ratio (Ref pop)

HLA-B*35 associated with
rapid progression to AIDS

without ART

Different paths to control:
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NK cell function
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Genetic traits in PTCs suggest KIR-educated NK cells associated with

ool post-treatment control
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Genotypes with high KIR B content are frequent among B35 PTCs
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More frequent presence in PTC of NK cells with cytotoxic potential

ART

UMAP_2_KPBG

T T T T
0 30 8.0 2,0 12
UMAP_3_KPEG

n=8

Genetic and phenotypic analyses
suggest an important role of NK
cells in post-treatment control

UMAP_2_KPEG

PTC

5.0 =
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n=15

Which is the precise function of
these cells?

5 li expressing the KIR receptor for Bw4

KIR3DL1S1

Caveat: analyses performed in a
guiescent situation

Chapel, Essat et al submitted



SSC-A

Constitutive characteristics and delay to treatment impact the capacity
of NK cells to control viremia

Chapel, Romero-Martin unpublished

Correlation with viremia Correlation with NK cell
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Summary li

Viral remission in PTC is often associated with “silent” control after treatment interruption.
Limited capacity to maintain durable control if episodes of viremia >400 copies occur.

Tight post-treatment control is associated with weak adaptive responses.

Frequency of HIV carrying cells appears to progressively decrease in some PTCs despited
presence of intact HIV genomes

HLA-B35 alleles are enriched among PTC and associated with better control after
interruption of early treatment

Post-treatment HIV control associated with selection of particular HLA genotypes pointing to
an important role of KIR-educated NK cells in suppressing viremia



Early ART favors the development of a robust “secondary” response against the

Viral Load
(Log RNA copies/ml)

CD8 mediated SIV-suppression

(Log p27 decrease)
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Constitutive characteristics of NK cells (related
to immunogenetic factors?) may influence
viremia during primary infection and after ART
interruption (effect lost if delayed treatment)



Can we predict post-treatment control of HIV infection?

Viro-immunological markers associated with post-treatment
control of HIV
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Non-invasive plasma glycomic and metabolic biomarkers of
post-treatment control of HIV
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What can we learn from VISCONTI and pVISCONTI studies?
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ANRS PRIMO cohort, 150 HLA typed
participants all treated at PHI (30-45 days p.i.)
who later discontinued ART

Probability of VL<50 after Tl

Essat et al, submitted
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)} 3nis 176 RHIVIERAO2: Potential for HIV remission of ART and broadly neutralizing
R&@(M& antibodies delivered during primary HIV-1 infection

Collab: Michel Nussenzweig, Rockefeller University
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Our current knowledge and tools do not allow us to
measure the reservoir and to prove eradication

Hidden viral reservoirs might be at the
origin of viral rebound




From remission to... cure?

Some people with natural and post-treatment control consistently maintain undetectable viremia for decades

No detectable residual viral replication
No (or very limited) evidence of viral evolution

Extremely low, and defective, viral DNA reservoir
No changes in CD4+ T cell levels

Quiescent immune responses

Weakly reactive immunoblots

Mendoza et al Blood 2012, Canoui et al Open Forum Inf Dis 2017; Casado et
al Sci Rep 2020; Jiang et al Nature 2020; Turk et al Ann Intern Med 2022

Sdez-Cirion et al unpublished

Adapted from Martinez-Picado Towards HIV Cure symposium IAS AIDS2022
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