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Today’s agenda
• What is immune activation and what are its underlying causes?

• What are the clinical implications of persisting immune 
activation/inflammation on cART?

- poor CD4+ T-cell gain
- development of Serious Non AIDS Events (SNAEs)/mortality

• Can we dampen immune activation?
- adjuvant strategies (in INR)
- effect of different cART regimens on T-cell homeostasis/inflammation 
- lessons learnt from acute HIV infection
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High levels of T10 expression



Immune activation (CD8+CD38+HLADR+) is a 
feature of HIV infection and is linked to disease 
progression

Giorgi, JID, 1994

Liu, Cytometry, 1996
See also Fahey, NEJM 1990)

Group A: 
highest CD4+ (< 500/Ul)
lowest CD8+CD38+

Group F:
lowest CD4+ (< 200/ul)
highest CD8+CD38+ 



Immune activation is a cause of CD4+ T-cell 
loss in untreated HIV

Individuals with higher baseline
quartiles of CD8+ T-cell activation (P =
.002 by the log-rank test) and viremia (P
= .004) but not CD4+ T-cell activation (P =
.21) were more likely to experience
subsequent CD4+ T-cell decline.

Deeks, Blood, 2004



Attenuated immune activation enables SIV-infected mangabeys to avoid 
the bystander damage seen in pathogenic infections and protects them 

from developing AIDS

Sooty mangabey
Natural Host
No AIDS

Rhesus macaques
Non-natural Host
AIDS

Silvestri, Immunity, 2003 



Causes of Immune Activation in HIV/AIDS

Mazzuti, Biomedicines, 2023



Microbial translocation features HIV/SIV and causes immune activation

Brenchley et al., Nat Med 2006

Markers of microbial transolcation:
- LPS
- LBP
- sCD14
- EndocAb

Kitchens, JCI, 2001



HIV causes direct damage of the gut barrier

Nazli et al., Plos Pathogens, 2010

HIV-1 induced barrier 
permeability is 
dependent on virus 
envelope 
glycoprotein

gp120 neutralization

Env defective mutant:
 lack of Env polyproteinà 

lack of gp120 and gp41

TER: transepitehlial 
resistance, measure 
of monolayer 
integrity



CD4+ T-cell are preferentially lost in the gut during 
HIV infection

Brenchley et al., J Exp Med 2004IHC staining for CD4+
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Immune Activation Persists on cART

Hunt, JID, 2003



Persistent T-cell Activation is Linked to Poor CD4+ Gain on cART
Treatment-mediated Change in CD4 Count

by CD8+ T Cell Activation
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Hunt, JID, 2003
Marche' et al., AIDS 2006

(see also Pitrak AIDS 2001)

• INR: Immunological 
Non Responders

• FR: Full Responders



Microbial translocation persists on cART and hampers CD4+ T-cell gain

Marche' et al., AIDS 2008 

(see also Jiang JID 2009)

Brenchley et al., Nat Med 2006

• INR: Immunological 
Non Responders

• FR: Full Responders



Gut damage in INR: low expression of junctional complex proteins
HIV- FR INR

CDh1

ZO-1

Tincati et al. AIDS 2016;
See also Somsouk et al, AIDS 2015

INR IN
R

FR

Tincati et al. AIDS 2016

Chung et al.,  Plos Path , 2014



Link between plasma markers of gut epithelial barrier integrity 
and innate immune ac8va8on in cART-treated subjects

Babu, Front Immunol, 2019Hunt, JID, 2014

I-FABP: intestinal fatty acid binding protein



Intermittent cART increases deaths from non-AIDS-
related causes, secondary to (innate) immune 

activation

SMART study group, NEJM, 2006 Sandler, JID, 2011



Clinical Implication of Persistent Inflammation:
Development of Mortality/SNAEs on cART

Hunt, JID, 2014
Tenorio, JID, 2014



IL-6 and D-dimer are independent predictors of SNAE/death on 
suppressive cART

Grund, PlosOne, 2016



How can we capture persistent immune activation in clinical 
practice?

Douek, Annual Review Immunol, 2003



Low CD4/CD8 T-
cell ratio mirrors 

peripheral immune 
defects 

Serrano-Villar et al. PlosPath 2014



Clinical risk of patients with persistent immune 
impairment (low CD4/CD8 ratio)

(low CD4/CD8 ratio)

Mussini et al.  Lancet HIV 2015
See also: Han et al. AIDS Res Ther., 2018; Lee et al. BMJ Open 2017;  Trickey et al. CID 2017; Sauter et al. Medicine 2016;

Hema et al. PlosOne 2016



Mondatore et al. OFID, 2022
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Past adjuvant strategies in the setting of poor 
immune recovery on cART

• Correction of T-cell homeostasis:
- IL-2
- IL7

• Abatement of reservoirs/low-level replication:
- MVC
- RAL

Marchetti, Clin Microbiol Reviews, 2013

• Treatment of co-infections:
- HCV
- CMV

• Correction of dysbiosis:
- Pre/probiotics
- Fecal transplantation



Fostemsavir

• Fostemsavir is the prodrug of 
temsavir, a first-in-class 
investigational HIV-1 attachment 
inhibitor.
• Temsavir binds the viral envelope 

protein gp120 on HIV-1, adjacent 
to the gp120-CD4+ binding site. In
doing so, it prevents the
conformational change required
for attachment of HIV-1 to the
host cell.



• Documented plasma HIV-1 RNA < 50 c/mL x 2 within the last year prior to screening
•Must be on a stable ARV regimen for ≥6 months prior to screening
• CD4+T-cell count<350 cells/mm3 while on ARVs for at least 2 years
•Must be willing to add FTR 600 mg twice daily to their current antiretroviral regimen



Immune restoration during 1st line cART is independent of 
third drug class when given with 2 NRTIs

Milanes-Guisado, JAC , 2020

N=836



ART initiation with INSTI results in greater CD4/CD8 ratio 
recovery over time

Serrano-Villar, Lancet HIV, 2020

N=13026



Changes in Fecal Microbiota Composition According to cART Class

Ancona et al. Front Immunol 2021 

• NNRTI-based therapy
- reduced richness but not evenness indexes
- modified relative abundance: reduced Coriobacteriaceae, Peptococcaceae, increased Veillonellaceae
• INSTI-based therapy
- modified relative abundance: decreased Peptococcaceae, increased Veillonellaceae and Allisonella genus



Possible di*erent penetration of cART drugs in tissues

Fletcher, PNAS, 2013 Asmuth, JID, 2017



No changes in immune/inflammatory markers during 
switch to 3TC/DTG  or 3TC+DRVc vs triple cART

Trujillo-Rodriguez, CMI, 2022



No major immune changes in 2DR vs 3DR

Cossarizza et al, Front Immunol 2023

DEBATE: Open-label, prospec5ve RCT enrolling PLWH receiving a 3DR who switched to 
bictegravir/emtricitabine/tenofovir alafenamide (B/F/TAF) or dolutegravir/lamivudine (DTG/3TC) was



Higher inflammatory markers during switch to 
2DR vs 3DR

N=148
• 3DR, N=90; 
• 2DR, N=58

2DR:
• 3TC+bPI (15) 
• 3TC+DTG (7) 
• DTG+RPV (36)

Serrano-Villar, Front Immunol, 2022



Study population

Bono et al., preliminary results (abstract in preparation for Glasgow 2024)
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T-cell counts
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T-cell homeostasis
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CD8+ T-cell activation
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Rationale of the Reprieve Study

• Increased CVD in PLWH
- low- to-moderate traditional risk factors
- unique atherosclerotic phenotype: vulnerable, non-calcified 
plaque
•  Hypothesis: statin could prevent CVD with pleiotropic effects 

beyond LDL lowering

De Meyer, Nat Rev Cardiol, 2024



Primary and Key Secondary Endpoints
• RCT of 7769 participants, age 50, low to moderate Pooled Cohort 

Equation (PCE*) risk: 4.5%, LDL 108 mg/dL
• Trial stopped early for eUicacy (average 5 year duration FU):
- first primary MACE: -35% vs placebo
- first MACE or death: -21% vs placebo

Grinspoon, NEJM, 2023

*es5mates the risk of ASCVD within a 
10-year period among pa5ents who 
have never had one of these events 

in the past.



REPRIEVE in comparison with other key 
studies: larger eRect size

SELECT:
-20%

CANTOS:
-15%



DHHS/HIVMA/AHA/ACC Guidelines Expanded 
29/2/24* to Include Data from REPRIEVE

*Before: unclear what to do between 5% and 20%



EACS 2023: statins should be used by all those with established 
vascular disease and in persons who are not at LDL-c goals 
considering their level of CVD risk, irrespective of lipid levels



Why was the study intervention in 
REPRIEVE so e6ective?



ERect Larger than Anticipated (17%) Based 
on Lowering LDL

CTT collaborative; 
Lancet, 2010; 376: 1670-1681

In other words: LDL lowering 
matters but statin eeect is 
beyond what is expected for 
LDL lowering alone



Mechanicistic study embedded in REPRIEVE

Designed to determine:
•  potential statin eUects to reduce noncalcified plaque volume and 

progression as assessed by entry and 2-year coronary computed 
tomography angiography (CTA)

• eUects on lipid parameters and circulating biomarkers of 
inflammation: LDL and non–high-density lipoprotein cholesterol, 
hsCRP, LpPLA2, oxLDL, monocyte chemoattractant protein 1, IL-6, 
IL-10, IL-1β, IL-18, soluble CD14, and soluble CD163

Lu, JAMA Cardiology, 2024



Pitavastatin reduced markers of 
lipid oxidation and arterial 

inflammation

Lu, JAMA Cardiology, 2024

EUects on localized plaque stabilization 
may be more important than systemic 

eUects on inflammation



Pitavasta'n reduced noncalcified plaque 
volume and progression

Lu, JAMA Cardiology, 2024



Effects on Novel Mechanistic Pathways

Kolossvary, CROI 2024



Kolossvary, CROI 2024



Proteins diRerentially expressed over time in 
the two treatment groups

255 individual proteins

Kolossvary, CROI 2024

vs placebo

Rate  limiting enzyme of 
collagen formation



Network analysis of differentially expressed 
proteins

Kolossvary, CROI 2024



PCOLCE associates with reduced non-
calcified plaque

Kolossvary, CROI 2024



PCOLCE associates with plaque stabilization



Mediation analysis: PCOLCE mediates 84% of 
total eVect of statins on non-calcified plaque 
volume, independent of LDL

Kolossvary, CROI 2024



Kolossvary, CROI 2024



Low CD4+ T-cell nadir (<500/uL): 
immune recovery and clinical outcome

INSIGHT START Study GroupNEJM, 2015

Primary Event: 
a serious AIDS-related or serious non–AIDS-related event, including 

death



Early=PHI



Collagen deposition, inflammation and barrier dysfunction in PHI
Collagen deposition

Neutrophil infiltration

Tincati et al. AIDS, 2023

JC protein expression



Little/no eVect of 
early cART (PHI) in 

the gut 

Tincati et al, HIV Glasgow 2022
mansuscript in preparation



Reduced monocyte activation, stable microbial translocation and 
containment of intestinal barrier damage in treated PHI

in treated PHI

Bono et al, manuscript in preparation
See also Schintmann, JID, 2020



Conclusions
• HIV is characterized by a dysfunctional immune response, which drives 

disease progression by causing tissue damage and organ failure
- persists on cART
- current cART regimens appears to have similar effects on T-cell 

homeostasis/inflammation 
• Early cART (PHI) may contribute to lowering peripheral markers of 

immune activation/inflammation
- whether this translates into a reduced risk of clinical events is currently 
unknown
- whether this has a beneficial effect on the GI tract (and other tissue 
reservoirs) is unknown 
• Understanding the pathogenesis of HIV-related 

activation/inflammation is crucial to prevent disease progression
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