
How	  host	  response	  to	  HIV	  can	  make	  the	  
difference?	  

Kirby	  Ins9tute	  Symposium	  

Global	  Challenges	  in	  Infec9ous	  Disease	  
17th	  July	  2014	  -‐	  Sydney	  

Françoise BARRÉ-SINOUSSI 
Regulation of Retroviral Infections Unit,  

Department of Virology,  
Institut Pasteur, Paris 

���������� � ������ �
�

�

1 ��

�
�

INAUGURATION DU CENTRE FRANÇOIS JACOB  
14 novembre 2012 

 
��������������������������������	������������������

����	���
�	�������
����������
�

 
DOSSIER DE PRESSE 
�
�

 
   

 
 
 

�



Inflammation & immune activation 

Early events during acute HIV infection 

CD4	  count	  
(blood)	  

Viral	  load	  

2-‐3	  weeks	   3-‐10	  weeks	   >	  6months	  

Generalized	  immune	  ac>va>on	  

set	  points	  

HIV-specific CD8 T cells 

(predic-ve	  of	  progression)	  

Viral reservoirs & replication 

Acute	  infec>on	   Chronic	  infec>on	  

Intestinal CCR5+ CD4+ T memory cells 



Control	  of	  HIV	  
infec9on	  

Control	  of	  abnormal	  
immune	  ac9va9on	  

HIV	  controllers	  (HIC)	  
~0.5%	  of	  HIV+	  individuals,	  cART	  naive	  
infected	  for	  >5	  years	  

Non pathogenic SIV 
infection 
African Green Monkeys (AGM) 

Post	  treatment	  controllers	  
(PTC):	  Viscon9	  cohort	  (5-‐15%	  
of	  early	  treated	  HIV+	  individuals)	  



Non	  s9mulated	  CD8	  T	  cells	  from	  HIC	  have	  strong	  	  
HIV	  (cytotoxic)	  suppressive	  capacity	  
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Saez-Cirion et al, PNAS 2007; Nature Protocols 2010 

•	  HIV-‐specific	  CD8+	  T	  cells	  from	  LTNP	  exhibit	  
greater	  upregula9on	  of	  cytotoxic	  mediators	  
–	  Migueles,	  et	  al.	  Immunity	  2008	  

•	  HIV-‐specific	  CD8	  T	  cells	  from	  Elite	  
Controllers	  Rapidly	  Upregulate	  Perforin	  
–	  Hersperger,	  et	  al.	  PLoS	  Pathogens	  2010	  
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Strong CD8+ T cell capacity to suppress HIV-1 is 
usually absent in PHI 

Median	  drop	  of	  -‐0.94	  log	  HIV-‐1	  RNA	  copies/ml	  within	  7	  days	  
50	  pa>ents	  in	  PHI	  (median	  35	  days	  p.i.)	  



The	  higher	  HIV-‐suppressive	  capacity	  of	  CD8+	  T-‐cells	  from	  HIC	  
is	  likely	  related	  to	  intrinsic	  characteris9cs	  of	  their	  cells	  

High	  func9onal	  avidity–Almeida,	  et	  al.	  JEM	  2007	  

MHC	  and	  TCR	  plas9city–Ladell	  et	  al	  Immunity	  2013;	  Chen	  et	  al	  Nat	  Immunol	  2012;	  Pereyra	  et	  al	  
Science	  2010;	  Bailey	  et	  al	  JEM	  2006	  

Feinberg	  and	  Ahmed	  Nat	  Immunol	  2012	  



HLA-‐DR	  

HLA-‐DR+/CD38-‐	  phenotype	   Prolifera9on…	  and	  effector	  func9on?	  

CD8+	  T	  cell	  mediated	  HIV	  suppression	  is	  associated	  to	  a	  
peculiar	  ac9va9on	  phenotype	  (DR+CD38-‐)	  

Hua et al, PlosOne 2014 
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Circula9ng	  mDC	  from	  HIC:	  non	  inflammatory	  profile	  

Hamimi et al, in preparation 



HIV-1 susceptibility 

No enhanced capture of small antigens or antigen processing.  

Monocytes isolation (CD14+) GM-SCF + IL4 

6-7Days 
MDDC 

HIV-1 capture 

MDDC	  from	  HIC:	  resistant	  to	  infec9on	  but	  highly	  efficient	  in	  
capture	  of	  viral	  par9cles	  

Hamimi et al, unpublished 



T CD8 mDC 

MHC-‐I	  

	  CD38	  

HLA-DR 

Non-‐inflammatory	  transcrip9onal	  profile	  

HLA-DR high 

CD38 low 

mDC	  reduced	  HIV-‐1-‐suscep9bility	   Preserved	  mDC	  func9ons?	  

Efficient	  induc9on	  of	  CD8+	  T	  
cell	  responses	  despite	  low	  

an9gen	  levels?	  

Enhanced	  HIV	  capture	  

Low	  inflammatory	  context…	  

Role	  of	  mDC	  from	  HIC	  in	  the	  priming	  of	  CD8+	  T	  cells	  	  



CD8+T	  cell	  responses	  wane	  over	  9me	  in	  some	  HICs	  	  
while	  maintaining	  perfect	  control	  of	  infec9on	  

No	  an9genic	  s9mula9on?	  Highly	  reac9ve	  memory	  T	  cells?	  	  



• 	  A	  robust	  efficient	  CD8+	  T	  cell	  response	  is	  likely	  important	  for	  
establishing	  natural	  control	  of	  infec9on,	  but	  this	  effector	  response	  
may	  be	  no	  longer	  required	  (contrac9on)	  once	  control	  at	  par9cular	  
low	  levels	  has	  been	  achieved.	  	  

• 	  Controllers	  are	  characterized	  by	  a	  very	  early	  control	  and	  extremely	  
low	  reservoirs	  

Addi9onal	  innate	  mechanisms	  of	  control?	  

CONCLUSIONS	  



CD4+	  T	  cells	  and	  macrophages	  from	  HIC	  have	  reduced	  suscep9bility	  
to	  HIV-‐1	  infec9on	  

See also Chen et al JCI 2011, Buzon et al JVI 2011; Graf et al PLoS Path 2011 

Sáez-Cirión et al Blood 2011 

Intrinsic	  cell	  resistance	  may	  contribute	  to	  limit	  the	  
size	  of	  HIV	  reservoir	  in	  HIC	  
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Phenotypic	  and	  func9onal	  features	  of	  NK	  cell	  ac9va9on	  
suggest	  a	  role	  of	  NK	  cells	  in	  viral	  control	  in	  HIC	  	  

Figure 1

Figure 1

Figure 1

Figure 1

Figure 2

Figure 2

Associa9on	  
with	  ADCC	  

No	  difference	   in	  vivo	  
ac9va9on	  state	  
of	  NK	  cells	  from	  
HIC?	  

Didier	  C,	  ScoF-‐Algara	  D	  et	  al	  	  for	  the	  ANRS	  
EP36	  HIV	  Controllers	  Study	  Group.	  SubmiFed	  



The	  correla9on	  with	  CD8+	  T	  cell	  suppressive	  capacity	  may	  underlie	  
coopera9on	  between	  innate	  and	  adap9ve	  immunity	  in	  viral	  control.	  	  

Figure 3

Figure 4

Didier	  C,	  ScoF-‐Algara	  D	  et	  al	  	  for	  the	  ANRS	  EP36	  HIV	  Controllers	  Study	  Group.	  SubmiFed	  

Suppression	  of	  HIV	  replica9on	  
by	  CD8+	  T	  cell	  



Early	  treatment	  ini9a9on	  allows	  long-‐term	  virological	  
remission	  in	  some	  pa9ents	  

14 patients (ANRS VISCONTI study)  
Therapy started within 10 weeks following infection  

3 years on therapy, then stop and since then:  
> 9 years of viral control without treatment 

Reference 
population	  

HIC	  

A
lle

le
 fr

eq
ue

nc
y 

(%
)	  

0	  
10	  
20	  
30	  
40	  
50	  
60	  

PTC	  

B27 	  
B57 	  
B35 	  
B07 	  

VIR	   HAART	   HIC	  

CD
8	  
ca
pa

ci
ty
	  to

	  e
lim

in
at
e	  
	  

in
fe
ct
ed

	  c
el
ls
	  

0	  

1	  

2	  

3	  

4	  

<0.001	  
<0.001	  

<0.001	  

PTC	  

Unlike	  natural	  controllers,	  PTC	  
Have	  rather	  unfavorable	  MHC	  	  

Control	  in	  PTC	  is	  independent	  
of	  strong	  CD8	  T	  cell	  responses	  

PTC	  :	  weak	  HIV	  reservoirs	  
which	   further	   decrease	   in	  
some	  cases	  

Saez-‐Cirion	  et	  al	  PLoS	  Path	  2013	  



HIC	  vs	  PTC	  

HIV	  controllers	  (HIC)	  

Asymptoma9c	   primary	   infec>on:	   low	  
viral	  loads	  and	  high	  CD4	  T	  cell	  counts	  in	  
PHI	  

80%	  HIC	  carry	  one	  protec>ve	  HLA-‐class	  I	  
allele	  

Generally	   strong	   HIV-‐specific	   T	   cell	  
responses	   with	   strong	   capacity	   to	  
eliminate	  infected	  cells	  

Abnormal	  high	  levels	  of	  T	  cell	  ac>va>on	  

Es>mated	   frequency:	   0.5%	   of	   HIV	  
infected	  pa>ents	  

Post-‐Treatment	  Controllers	  (PTC)	  

Symptoma9c	  primary	  infec>on:	  high	  
viral	  loads	  and	  low	  CD4	  T	  cell	  counts	  in	  
PHI	  

57%	  PTC	  carry	  one	  HLA-‐class	  I	  allele	  
associated	  with	  high	  viral	  loads	  

Generally	  very	  weak	  HIV-‐specific	  T	  cell	  
responses	  with	  poor	  capacity	  to	  
eliminate	  infected	  cells	  

Low	  levels	  of	  T	  cell	  ac9va9on	  

Es>mated	  frequency:	  	  5-‐15%	  of	  HIV	  
infected	  pa>ents	  interrup>ng	  a	  >12	  
months-‐length	  treatment	  ini>ated	  in	  
primary	  infec>on	  	  
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Natural	  or	  induced	  Controller	  

Pancino	  and	  Saez-‐Cirion.	  Immunological	  Reviews.	  2013	  

Long-term control of infection 

Optimal T cell response 

CTL 

Preserve	  immune	  func9on	  
Limit	  viral	  reservoirs	  Low	  dose	  infec9on	  

Early	  treatment	  

Cell	  restric9on	   Innate	  responses	  (NK/pDC)	  

Reduced dynamics of viral replication 



Control	  of	  HIV	  
infec9on	  

Control	  of	  abnormal	  
immune	  ac9va9on	  

HIV	  controllers	  (HIC)	  
~0.5%	  of	  HIV+	  individuals,	  cART	  naive	  
infected	  for	  >5	  years	  

Non pathogenic SIV 
infection 
African Green Monkeys (AGM) 

Post	  treatment	  controllers	  
(PTC):	  Viscon9	  cohort	  (5-‐15%	  
of	  early	  treated	  HIV+	  individuals)	  



IFN-α / TNF 

TNF	  
IFN-‐γ	  

IFN-α 
SIVmac 

HIV-1 

IL-‐12	  
IL-‐15	  

IFN-‐γ	  

Lymph Node TGF-‐β	  

SIVsmm,	  
SIVagm	  

HIV-‐1,	  
SIVmac	  

High	  plasma	  viremia	   	   	  

LN	  viral	  load	   -‐	   	  

Chronic	  T	  cell	  acSvaSon	   -‐	   	  

AIDS	   -‐	   	  
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Diop	  O	  et	  al,	  JVI	  2008	  
Jacquelin	  et	  al,	  JCI,	  2009	  



 	   Are	   the	   differences	   observed	   in	   IFN-‐α	   produc9on	  
involved	  in	  the	  alenuated	  immune	  ac9va9on	  ?	  

• 	   What	   will	   happen	   if	   we	   	   increase	   the	   IFN-‐α	   levels	  
during	  the	  acute	  infec>on	  ?	  

 	   Assess	   if	   innate	   immune	   cells	   (NK)	   are	   involve	   in	  
the	  control	  mechanism	  in	  AGMs	  



Marker	   AGM	   MAC	  
IL-‐15	   ++	   +++	  
IFN-‐α	   ++	   +++	  
IP-‐10	   +++	   +++	  
MCP-‐1	   +++	   ++	  
IFN-‐γ	   +	   ++	  
IL-‐18	   +	   +++	  
TNF-‐α	   -‐	   +	  
IL-‐8	   -‐	   +++	  
sTrail	   -‐	   +++	  
Il-‐6	   -‐	   +	  
IL-‐12	   +	   +	  
MIP-‐1α	   -‐	   ++	  
MIP-‐1β	   -‐	   ++	  
TGF-‐β	   +	   +++	  
IL-‐10	   -‐	   +	  
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Jacquelin	  B	  et	  al,	  Plos	  Path,	  2014	  



Objectives 

How AGMs resolve the IFN-I associated 
inflammation?   

Is there a link between the lower levels 
of IFN-α in vivo, the lack of sustained 
ISG expression and the lack of T cell 
activation in AGMs ? 

Treat AGMs with high doses of IFN-α 
during acute infection starting from the 
day of the peak 

 plasma IFN-α (IU/ml) 

AGM / SIV  
IFN-α 

treatment 

AGM 
SIV 

Days 

Outcome	  ?	  

ISG expression (mRNA, plasma proteins) 
T cell activation, viremia, CD4+ T cell counts 
NK cell activation, DC maturation, inflammatory mediators (plasma) 

 	  2	  AGM	  injected	  daily	  s.c.	  with	  r-‐
mamu-‐IFN-‐α	  (day	  9	  to	  24	  post-‐
infec9on,	  5.105IU,	  with	  10%	  increase	  
every	  2	  days)	  
 	  6	  untreated	  AGM	  



	  High	  dose	  of	  IFN-‐α	  in	  acute	  infec9on	  has	  no	  sustained	  major	  effect	  

on	  VL,	  CD4	  T	  cell	  count	  or	  T	  cell	  prolifera9on	  

Blood	  CD4	  T	  cell	  count	  Viral	  Load	  

CD4	  T	  cell	  proliferaSon	   CD8	  T	  cell	  proliferaSon	  



ISG	  

  IFN-‐α	  administra9on	  does	  not	  induce	  persistent	  ISG	  expression	  
  IFN-‐α	  injec9on	  does	  not	  affect	  innate	  cell	  profiles	  

pDC	  

NK	  cells	   NK	  cell	  ac9va9on	  



IFN-‐α	   IL-‐15	  

Rs	   p-‐value	   Rs	   p-‐value	  

CD69%	   0.39	   p<0.0001	   0.25	   p=0.009	  

Ki-‐67%	   0.24	   p=0.008	   0.28	   p=0.003	  

CorrelaSon	  

Jacquelin	  B	  et	  al,	  Plos	  Path,	  2014	  
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Saez-‐Cirion	  A,	  Jacquelin	  B,	  Barré-‐Sinoussi	  F,	  Müller-‐Trutwin	  M.	  
Philos	  Trans	  R	  Soc	  Lond	  B	  Biol	  Sci.	  2014	  May	  12	  

A	  combined	  and	  
integrated	  scienSfic	  

strategy….	  
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