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nflammation
Bares a Dark Side

Bwrrowing In. Macrophages were an e2

Chronic inflammation is also harmful in
non-HIV-infected adults

“Over the past decade, it
has become widely
accepted that
inflammation is a driving
force behind chronic
diseases that will kill
nearly allofus .. .”

cloe that chronk isease and inflammy 2

. t yl‘,hd

Courresy of Peter Re/ss

Science , 2010
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Inflammatory and Coagulation Biomarkers and

Mortality in Patients

with HIV Infection

Lewis H. I(uller‘, Russell Tracyz, Waldo Belloso3, Stephane De Wit“, Fraser Drummonds, H. Clifford Lanes,
Bruno Ledergerber?, Jens Lundgrens, Jacqueline Neuhaus’, Daniel Nixon'?, Nicholas I. Paton'’, James D. Neaton® , for

the INSIGHT SMART Study Group

*INSIGHT SMART randomized, open-label

Biomarker

trial

*5472 HIV-positive patients with CD4+ cell
count >350/mmc

*Drug Conservation (DC) versus Virologic
Suppression (VS) groups

Table 5. Risk of Death Assyciated with Latest Level of Each

Biomarker OR® 95% Cl p-Value
hsCRP (ug/mi) 2.4 1.4-4.2 0.003
Amyloid A (mg/) 1.4 1.0-1.9 0.09
Amyloid P (pg/mil) 0.7 0.4-1.0 0.04

IL-6 (pg/mi) 2.0 1.2-3.1 0.006
D-dimer (pug/mil) 2.2 1.1-4.1 0.02

F1.2 (pmol/l) 1.1 0717 0.77

(PLoS Med 2008)
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S\ Association of Inflammation and Coagulation with Clinical Risk in the START Trial
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,,,\ O \‘t FIGURE 3: Kaplan-Meier estimates for the cumulative percent of participants experiencing (A) AIDS or AIDS-death,
|°“J73 and (B) Serious non-AIDS or non-AIDS death, by quartiles of D-dimer, IL-6 and the IL-6 & D-dimer score at baseline.
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(Baker J et al., CROI 2017, Abstract 623)
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Effect on inflammation in predicting mortality higher in
HIV disease than the general population (SOCA/SCOPE)
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Multimorbidity, age-related comorbidities and mortality: association of activation,

senescence and inflammation markers in HIV adults.

Figure 2. Hazard ratios (HR) with 95% confidence intervals estimated by the Cox
proportional hazards models* with delayed entry for the association between CIADIS

scores and the risk of the first age-related comorbidities over a 3-year follow-up (n=828).
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Inflammatory and Coagulation Biomarkers and
Mortality in Patients with HIV Infection

Lewis H. I(uller‘, Russell Tracyz, Waldo Belloso3, Stephane De Wit“, Fraser Drummonds, H. Clifford Lanes,
Bruno Ledergerber?, Jens Lundgrens, Jacqueline Neuhaus’, Daniel Nixon'?, Nicholas I. Paton'’, James D. Neaton® , for
the INSIGHT SMART Study Group

*INSIGHT SMART randomized, open-label
trial

*5472 HIV-positive patients with CD4+ cell
count >350/mmc

*Drug Conservation (DC) versus Virologic

Suppression (VS) groups
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(PL0S Med 2008)
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Residual Viraemia in HIV-1-Infected Patients with
Plasma Viral Load <20 copies/ml| is Associated with
Increased Blood Levels of Soluble Immune Activation
Markers

*Observational, prospective study

32 HIV-positive patients on cART with HIV
RNA <20 copies/mL

«24-month follow-up

Table 2 The effect of individual time-points with detectable residual viraemia (RV) on concomirtant virologic and immunologic parameters in 32
HIV-1-infected patients with HIV-1 RNA =20 copies/ml in the 24 months study-period. BV was assessed by either transcription-mediated amplifi-

cation {TMA) rechnique or reverse transcriptase (RT-) polymerase chain reaction (PCR) technique.

TMA-RV" PCR-RV"
Mean (95% CIY Povalue Mean (95% CI)° P-valpe
Proviral-HIV-1-DNAY 0.99 (0.67=1.46) 0.949 1.11 {D.76=1.63) 0.596

=

sTMNFrIl (ng/ml) 0,234 (0.027-0.441) 0.030 0.254 (0.073=0.434) 0.007

fiz-microglobulin (nmol/1) 22 (5-39) 0.0164 20 (4-33) 0.016
lgA (umols/1) 0.67 (—0.27=1.61) 0.169 0,82 (0.07=1.58) 0,035
lgG (pmol/1) 3.11 {(—0.66—6.88) 0.111 =0.10 (=5.85=5.65) 0.973
Igh (pmol/1) =001 (—=0.17=0.15}) 0.922 =(.21 {—1.40-0.98) 0,736

(Ostrowski SR et al., Scand J Immunol 2008)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

IL PRESENTE MATERIALE E RISERVATO AL PERSONALE DELL'UNIVERSITA DI BOLOGNA E NON PUO ESSERE UTILIZZATO Al TERMINI DI LEGGE DA ALTRE PERSONE O PER FINI NON ISTITUZIONALI



Activated t-cell @ Erdotieial J—

(HLA-DR.CD38) . P ‘mm‘ ey,
O T - o ¥ (NN
e Y Alen O . \}\{"f

a= I SR =
V— 200 O e

r——©Nef {’

N ™ Lipid pool

h
v

Normal Thickened intima Ruptured fibroatheroma

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

ER TILIZZATO Al TERMINI DI LEGGE DA ALTRE |



Association of Residual Plasma Viremia
and Intima-Media Thickness in
Antiretroviral-Treated Patients with
Controlled Human Immunodeficiency
Virus Infection

*Cross-sectional study

*47 male HIV-positive patients

>4 years of CART with HIV RNA <20
copies/mL

Table 3. Total and common carotid artery intima media thicknesses between viremia groups.

e s Trona veeo) o [wemo) o

0.021 (—0.012, 0.059 (0.022,
D- vs UD-viremia groups | 0.045 (0.002, 0.089) 0.055) 0.074 (0.026, 0.123) 0.095)

(Boyd A et al., PLoS One 2014)
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RESEARCHARTICLE

Dysregulation of Systemic and Mucosal
Humoral Responses to Microbial and Food
Antigens as a Factor Contributing to Microbial
Translocation and Chronic Inflammation in

HIV-1 Infection

INTESTINAL sa g - 2
LUMEN T 1gM specific for microbial and food antigens
INTESTINAL
MUCOSA
Inhibition of class switch recombination
1 1gG specific for microbial antigens
SYSTEMIC ]
CIRCULATION

Translocation of LPS
and other microbial products 1 polyclonal IgG

(Hel Z et al., PLoS Pathog 2017)
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Early depletion of gut tight junctions that 1s
not reverted by cART
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Plasma Levels of Bacterial DNA Correlate with
Immune Activation and the Magnitude of Immune
Restoration in Persons with Antiretroviral-Treated

HIV Infection
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(Jiang W et al., J Infect Dis 2009)
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An altered intestinal mucosal microbiome in HIV-1
infection is associated with mucosal and systemic
Immune activation and endotoxemia

Bacteroidetes Phylum Firmicutes Phylum

Uninfected i i [ Bacteroidaceae” B Lachnospiraceae’
subjects ‘ B Porphyromonadaceae Ruminococcaceae”
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HIV-infected Proteobacteria Phylum
subjects e O Comamonadaceae 3 Other

[l Campylobacteraceae

° » ® & *® K Z
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(Dillon SM et al., Mucosal Immunol 2014)
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Probiotics Reduce Inflammation in
Antiretroviral Treated, HIV-Infected
Individuals: Results of the “Probio-HIV”

Clinical Trial
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*Observational study

+20 HIV-positive patients on
suppressive CART supplemented
with probiotics vs 11 HIV-negative
controls

*48-week follow-up
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Fig 3. Plasma levels of sCD14, d-dimer and LBP. Scatter plots of sCD14 (A), d-dimer (B) and Lipopolysaccharide Binding Protein
before (TO) and after probiotics’ intake (T1) compared with controls. Horizontal bars in the scatter plot represent mean value with SD
considered statistically significant.

(d’Ettorre G et al., PLoS One 2015)
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Effect of Lactobacillus rhamnosus GG Supplementation on
Intestinal Inflammation Assessed by PET/MRI Scans and Gut
Microbiota Composition in HIV-Infected Individuals

*Prospective study

*15 cART-naive and 30 cART
treated patients
L GG treatment for 8 weeks

B V‘ -18F-FDG PET/MRI evaluation

Relative abundance of Enterobacteriaceae
+

.’ 0.0000+
-0.0002-
S— G
x  -0.0004-
& -0.0006
&  -0.0008\
D s -0.005Y L ]
(&}
c -0.0104
3
s -0.0151
-0.020-
-0.025-
- Non-responders Responders
PET/MRI PET/MRI
—— - n=7 n=5

(Arnbjerg CJ et al., J Acquir Immune Defic Syndr 2018)
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Inflammatory and Coagulation Biomarkers and
Mortality in Patients with HIV Infection

\ “\ Lewis H. I(uller1, Russell Tracyz, Waldo Belloso3, Stephane De Wit“, Fraser Drummonds, H. Clifford Lanes,
- Bruno Ledergerber?, Jens Lundgrena, Jacqueline Neuhaus’, Daniel Nixon'?, Nicholas I. Paton'’, James D. Neaton® , for
el /o) CT ) the INSIGHT SMART Study Group

*INSIGHT SMART randomized, open-label

trial

*5472 HIV-positive patients with CD4+ cell
count >350/mmc

*Drug Conservation (DC) versus Virologic
Suppression (VS) groups

Table 7. Biomarker, CD4+ Cell Count Change, and HIV-RNA Level Change 1 mo after Randomization

a

Biomarker DC Group, Mean (SD) or % VS Group, Mean (SD) or % Average Difference (SE)® p-Value
hsCRP (ug/ml) (log;o) 0.02 (0.41) 0,00 (0.41) 0.02 (0.03) 0.63
Amyloid A (mg/l) (loga) 0.03 (0.38) 001 (0.38) 0.00 (0.03) 0.88
Amvloid P ua/fmll log..) —0.02 (0.20] 0071 (0201 —(0.03 (0.01] 0.05
IL-6 (pg/ml) (logyq) 0.12 (0.30) 001 (0.34) 0.08 (0.02) 0.0005
D-dimer (ug/ml) (log,o) 0.09 (0.31) —003 (0.31) 0.11 (0.02) <0.0001
Fl.2 (pmolf1) logql —LLUek (LS4 —LUus [0.27) =L [DUZ) U4
D4+ cell count (cells/mm?) —104 (180) 18 (188) —130 (18) =0.,0001
Change in HIV-RNA (copies/ml) (log, ) 117 (1.37) —0.31 10.97) 1.46 (0.08) =20,0001
HIV-RNA <400 copies/ml at 1 mo (%) 16.7 671 —50.4 =2 0.0001

(PL0S Med 2008)
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Association of Suboptimal
Antiretroviral Therapy Adherence
With Inflammation in Virologically
Suppressed Individuals Enrolled in the
SMART Study

Table2. Distribution of Biomarker Concentrations in Participants With Available Baseline Data According to Adherence Category and Fold Difference in
Available Baseline Inflammatory and Coagulopathy Biomarker Plasma Concentrations in Suboptimally Adherent, Virologically Suppressed PLWH on ART

Enrolled in SMART
Unadjusted Anzlysis Adjusted Analysis™
Suboptimal
100% Adherence Adherence Fold Higher Lewvel Fold Higher Level
Comparad With Cornparad With 100%

Biormarker Mo,  Mean (SO} Mo. Mean (SD)  100% Adherence® GRS C Fialue Adherenca® 955 CI Fyalue
I8, po/mL 2372 2806930 391 293 (453) 11e 1.06-1.26 0005 1.04 1.01-1.18 0z
Cdimer. pg/mlL 2382 0300069 3584 03801.08) 1.17 1.06-129 002 11 1.01-1.22 03
heCRP pg/mL 2397 3.72(708) 396 4.27 (781} 1.07 0594123 31 1.04 0.81-117 L%

Abbraviations: ART, antiretraviral therapy; Cl, confidenca interval; hsCRE high-sansitivity C-reactive protain; 18, interleukin 8; PLWH, peopls living with HIV.

*Models were adjusted for covariates including age, race, gendsr, body mass index, time on ART, HIV exposurs group, bassling wiral kad, bassline and nadir CD4* Tcalls, hapatitis B or C
co-infection, smoking. and regirmsn typs.

®100% adherance defined 25 no report of any misssd dosas for any drug in the preceding 7-day pericd.

(Castillo-Mancilla JR et al., Open Forum Infect Dis 2017)
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Changes in inflammatory/cardiac markers of HIV positive patients _
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(Rezer JFP et al., Microb Pathog 2018)
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Impact of intensified antiretroviral therapy during early HIV infection on gut

immunology and inflammatory blood biomarkers
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(Kim CJ et al., AIDS 2017)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

IL PRESENTE MATERIALE E RISERVATO AL PERSONALE DELL'UNIVERSITA DI BOLOGNA E NON PUO ESSERE UTILIZZATO Al TERMINI DI LEGGE DA ALTRE PERSONE O PER FINI NON ISTITUZIONALI



Systemic inflammation markers after simplification to atazanavir/
ritonavir plus lamivudine in virologically suppressed HIV-1-infected
patients: ATLAS-M substudy
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(Belmonti S et al., J Antimicrob Chemother 2018)
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patients who
switched to triple
regimen

Switching to dual/monotherapy determines
an increase in CD8+ in HIV-infected
individuals: an observational cohort study

N=1241 patients

N=168 patients
who switched to
mono/dual

regimen

*ICONA Cohort Study
*1241 HIV-positive patients
*24-month follow-up
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CD4/CD8 ratio
At switch, maan (SD) 0.76 (0.43) 080 (037) 0.167 0.90 (0.48) 0025
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Effects of Antiretroviral Therapy on Immune Function
and Arterial Inflammation in Treatment-Naive Patients
With Human Immunodeficiency Virus Infection

Figure 1. Representative Fludeoxyglucose F 18 Positron Emission Figure 2. Effects of Combination Antiretroviral Therapy (ART)
Tomographic Imaging of the Aorta and Axillary Lymph Nodes (Ax LNs) on Fludeoxyglucose F 18 Positron Emission Tomography ([*F]-FDG-PET)
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'Zanni MV et al., JAMA Cardiol 2016,
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(Taylor KA et al., Abstract 673, CROI 2018)
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Impact of CCR5, integrase and protease inhibitors
on human endothelial cell function, stress,
inflammation and senescence

Figure 2. Effect of antiretrovirals on inflammation in adult donors’ cells
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Changes in intestinal microbiota in HIV-1-
infected subjects following cART initiation:
influence of CD4+ T cell count
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*Observational study
*36 HIV-positive CART-naive patients
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Fig. 4 The grouped microbial composition at the genus level at baseline and follow-up. a HISs with baseline C047 T cell counts <300/mim’; b
HISs with baseline CD4* T cell counts >300/mm”
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(Ji'Y et al.,, Emerg Microbes Infect 2018)
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ear cART does not restore peripheral blood and intestinal HIV-related dysbiosis

Figure 2. Microbial Traslocation, gut barrier permeability/damage and

inflammation parameters in the course of cART

Mo modifications of plasma sCD14 (24A), 165-rDNA (2E) and LPS (not shown) were measured, albeit a
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2A sCD14 ugiml 2C  EndoCab,mmUml p=0.002  2E 16=DMNA
= %00 ! } I 1 500
- M -
] z
3 3 0 . 1000
E & . . ¥
8 5 ot A 3 . . )
3 N R
o gm " "ug - i 500 *:* :... i x.*.
_E LT ‘. Ags - .. LY
[ . FM
& o £ & S <
2D LACMAN IF calprotectin
o»] ol ot )
. ’ GO0 s ™
! s Mooa
. 20 L) L] L
2 o e . =] g A

(Tincati C et al., CROI 2017, Abstract 215)

ALMA MATER STUDIORUM ~ UNIVERSITA DI BULU( NA




Vitamin D and inflammation
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Vitamin D deficiency is associated with IL-6
levels and monocyte activation in HIV-infected

persons

A. Association of biomarkers with vitamin D

*Cross-sectional study
*663 HIV-infected patients
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g B. Association of monocyte phenotypes with vitamin D
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(Manion M et al., PLoS One 2017) Spearman's Correlation
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Vitamin D Levels and Markers of Inflammation
and Metabolism in HIV-Infected Individuals
on Suppressive Antiretroviral Therapy

*Observational, prospective study
+106 HIV-positive patients on stable CART
*HIV RNA <200 copies/mL
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Rosuvastatin Treatment Reduces Markers of
Monocyte Activation in HIV-Infected Subjects
on Antiretroviral Therapy

*SATURN randomized, double-blinded trial
+147 HIV+ patients

*Stable cART (>12 weeks)

*LDL cholesterol <130 mg/dL

*hsCRP >2 mg/L and/or CD8+ cell activation
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Effect of statin on arginine metabolites in treated HIV-infection
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(Diraj al-Fargo S et al., Atherosclerosis 2017)
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Rosuvastatin Decreases Intestinal Fatty Acid Binding Protein (I-
FABP), but Does Not Alter Zonulin or Lipopolysaccharide
Binding Protein (LBP) Levels, in HIV-Infected Subjects on
Antiretroviral Therapy
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(Funderburg NT et al., Pathog Immun 2016)
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Effects of statin therapy on coronary artery plaque volume
and high-risk plaque morphology in HIV-infected patients

with subclinical atherosclerosis: a randomised, double-blind,
placebo-controlled trial

Change in non-calcified plague volume (mm?)

40+

30
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10

p=0-03

........................................
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. Figure 2: Comparison of the 1 year change in non-calcified plaque volume in
*Randomised, controlled, study participants

double-blind StUdy See Online forappendix  Median and IQR.

*40 HIV+ patients with
subclinical
atherosclerosis and
normal LDL-c
*Atorvastatin vs placebo
+1-year follow-up

(Lo J et al., Lancet HIV 2015) onplaetio

Flgure 3: Increasing non-calcified plaque in proximal left anterior descending (LAD) coronary artery in patient
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Statin Effects on Myocardial Fibrosis Markers in People
Living With HIV
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(deFilippi C et al., J Acquir Immune Defic Syndr 2018)
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A Randomized Placebo Controlled Trial of Aspirin
Effects on Immune Activation in Chronically Human
Immunodeficiency Virus-Infected Adults on
Virologically Suppressive Antiretroviral Therapy

*Randomized, double-blind, controlled trial
+121 HIV-infected patients on suppressive CART for
A >48 weeks
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(O'Brien MP et al., Open Forum Infect Dis 2017) Study week
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Effect of aspirin treatment on abacavir-associated platelet
hyperreactivity in HIV-infected patients
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(Falcinelli E et al., Int J Cardiol 2018)
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O\ Inflammation in HIV infection:
conclusions
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Unique, higher than expected and stable over time
* Multiple pathological mechanisms

 Crucial role of intestinal wall abnormalities with altered microbiome
and bacterial translocation

» Multiple effects of the combination antiretroviral therapy
» Inability to fully suppress the inflammation
« Anti-inflammatory and pleiotropic effects of statins could be useful

* Novel therapeutic approaches targeting inflammation should be
evaluated
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