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Today’s agenda

-HCV & HIV : two challenges for the
Immune system

-HCV as driver of excess immune
activation in treated HIV co-infection —
biological pathways

-HCV as obstacle to cART iImmune
reconstitution






Risk of Developing Specific AIDS-Defining Illnesses
in Patients Coinfected with HIV and Hepatitis C
Virus With or Without Liver Cirrhosis
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Figure 1. CD4 cell counts at the time of AIDS diagnosis, according to hepatitis C virus antibody (HCW Abj test result and type of AlDS-defining illness.
HIV, human immunodeficiency virus, NHL non-Hodgkin ymphoma; +, positive for HCV Ab; —, negative for HCY Ab.






Coinfection with hepatitis viruses and outcome of the
Initial ARV regimens in previously naive HIV infected
subjects pts

0.15-
HCV+ < time to clinical progression

CD4 recovery: at least 30 CD4/uL fewer than HCV negative

0.104 HBV—/HCV+

H;i HBV—/HCV—

N=1320 pts (600 HCV+)

Cumulative Proportion With
Clinical Progression

Clinical progression
(AIDS/death) : 99 pts

0.00+
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Time After Antiretroviral Treatment Start, d
Cumulative proportion of human immunodeficiency virus-1—infected patients showing clinical progression after beginning potent
antiretroviral therapy, by hepatitis virus serostatus. HBV-/HCV+ indicates hepatitis B virus—negative hepatitis C virus—positive;

HBV-/HCV-, HBV-negative HCV-negative. The HBV-positive HCV-negative group and the HBV-positive HCV-positive group are
not illustrated because of the limited number of clinical events (6 in each group).

De Luca et al. for the ICONA Study Group, Arch Intern Med. 2002;162(18):2125-2132






HIV & HCV: double infectious
strain to the immune system

Protection
against
infection

Eradication
of established
infection

Innate immunity Adaptive immunity
= Interferons .: ,T Np" ' m Antibody-Mediated Immunity
‘ig" Anttbody}k %
Ar n iral
V'“’s '.‘...'e." Noumuunon
tt el ol
f'- _—— ¢ . ( s i i ‘o
J\(« #L "3:' @ X -'!:i R ?Q:.?i}
NK lntected 5 | N :
CD8* Infected Kllll of
o o !5,'}2&".,3‘ CTL  cell mtegt'ed
cell | ceoll
= NK cells = Cell-mediated Immunity

Copynght © 2003, Elsevier Science (USA) All Rughts Reserved







« Acute HIV associated with rapid/intense release of pro-

iInflammatory cytokines (IL-6, IP-10, TNF-a) and dramatic
Increase of activated innate immune cells T-, B-cells

« Chronic HIV: T-cell activation steady state



CDS8 T-cell activation predicts CD4+ T-
cell count over time

Parameter Estimate Standard error P

Univariate model

Plasma HIV RNA level, logqp —0.032 0.007 =< 001

CD8™ T-cell activation, logyg —0.049 0.014 < 001

CD4+ T-cell activation, logip —0.039 0.017 021
Multivariate model

Intercept 2921 0.042 < 001

Plasma HIV RNA level, log1p —0.026 0.009 005

D8+ T-cell activation, logg —0.033 0.015 027 |

CD4™ T-cell activation, logyg —0.013 0.019 474

Deeks et al. Blood 2004



Shorter survival Is associated with T-
lymphocyte activation

Uninfected Control > 18 Month Survival < 6 Month Survival
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CD8+ T cell activation do not fully
normalize during effective cCART

%CD38+ HLA-DR+
CD8+ T-cells
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Hunt PW, et al. J Infect Dis. 2003;187:1534-1543.






34 patients: 14 HCV+/HIV+ cART-
treated; 11 HCV+; 9 HIV+ treated
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HCV co-Iinfection is associated to higher
T-lymphocyte activation on cCART

Table 3. Factors associated with changes in activated (CD38'HLA-DR*) T cell counts in 99 human immunodeficiency virus
(HIV)-infected patients with sustained plasma HIV RNA levels <1000 copies/mL.

CD4* T cells CD8* T cells
Unadjusted analysis Adjusted analysis® Unadjusted analysis Adjusted analvsisb
Mean change (95% CI) Mean change (95% Cl) Mean change (95% Cl} Mean change (95% CI)
Factor in activated T cells, % P in activated T cells, % P in activated T cells, % P in activated T cells, % P

Each 1-month increase in dura-
tion of viral suppression® —-0.04(-0.09tc 0.004) .08 —0.06(-0.11to —0.005) .03 —0.1(-02t0 -0.004) 04 -0.1(-02tw0 —0.01) .04

Hepatitis C virus antibody status
Negative Reference — Reference — Reference — Reference —
Positive +2 (0.3-4) .02 +2 (0.2-4) .03 +6 (2-10) 003 +5 (2-9) .006

Frequency of low-level viremia
in year before
imn"nun-:)phaer'nc)’f\,';::ing'd

Mone Reference — Reference — Reference — Reference —
1%-560% +0.1 (=2 to0 2) .96 —05(-3t02) .69 —1(-61to0d) g4 -4 (-10 10 2) .18
=60% +3 (1-4) .005 +2(-0.2toc 4) .07 +7 (3-11) .001 +5 {0.5-10) .03

Each increase of 100 cells/mm?
in nadir CD4* T cell counts —0.5(—1.0to 0.1} 1 -1 (-2 to —0.3) .003 —-03(-2to 1) 65 -15(-3.0t0 —0.03) .05

Hunt et al. JID 2003; also Greub G Lancet 2000






Hampered T-cell dynamics in HIV/HCV
co-infected patients 356 HIVE CART-
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L
Higher CD4/CD8 ratio on virologically-suppressive

HAART Is associated with lower T-cell activation

CD44 T cell count Rheo (P

value) CD8+ T cell count Rho (P value) CD4/CD8 ratio Rho (P value)
ALL SUBJECTS (n=95)
% CD4+ T cells
Maturational subsets
Naive 0.395 (<0.001) —0.027 (0.798) 0.329 (0.001)
Tem —0.047 0.656) —0.069 (0.511) —0.019 (0.857)
Ttm —0.194 (0.065) 0038 (0.720) —=0.179 (0.090)
Tem —0.366 (0.004) —0.092 (0.931) —0.219 (0.036)
Temna —0.051 (0.633) —0.077(0.468) 0021 (0.837)
Activation phenotypes
HLADR+CD 38+ —0.577 (<0.001) 0,008 (0.937) —0.410 (<0.001)
CD28—CD57+ —0.209 (0.048) —0.004 (0.968) —0.149 (0.159)
PD1+
% CD8+ T cells
Maturational subsets
Naive 0.324 (0.002) —0.252 (0.016) 0.437 (<0.001)
Tem 0.011 (0.918) —0.159 (0.131) 0.123 (0.245)
Ttm 0.037 (0.727) 0.239 (0.023) 0.202 (0.053)
Tem —0.167 (0.106) 0.319 (0.002) —0.379 (<0.001)
Temra —0.185 (0.079) 0.167 (0.113) —0.297 (0.004)
Activation Phenotypes
HLADR+CD 38+ —0.301 (0.003) —0.159 (0.133) —0.324 (0.002)



L
CD4/CD8 ratio predicts mortality

ta Std. error P value

Madrid cohort (N=66) (all subjects CD4=500 cells/mm?)
CD4+ T cells

Unadjusted —1.86 285 0514

Adjusted by ART duration —0.66 3.76 0.859
CD8+ T cells

Unadjusted 280 1.12 0.013

Adjusted by ART duration 229 1.16 0.048
CD4/CD8 ratio

Unadjusted —6.23 248 0.012

Adjusted by ART duration —5.08 253 0.045
SOCA cohort (N=192)
CD4+ T cells

All subjects —1.52 0.58 0.009

Subjects with CD4=500 cells/mm?* —4.09 6.43 0.525
CD8+ T cells

All subjects* 028 033 0392

Subjects with CD4=500 cells/mm?>* 237 2.05 0.246

CD4/CD8 ratio
All subjects*

Subjects with CD4=500 cells/mm>*

Serrano-Villar et al., PLOS Pathogens, 2014



Kuller L PLOS Medicine 2008; also Hunt et al. AIDS 2011; Lok et al, AIDS 2013; Hunt et al. JID 2014;
Tenorio et al JID 2014; .....






HIV/HCV co-infected women recover CD4+ count
and normalize T-cell activation upon cART
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HIV/HCV co-infected women show higher
central- and effector-memory T-cells
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Pro-inflammatory milieu in HCV+ patients
according to sex and menopause
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Only in menopausal women baseline IL-6 correlated with higher
necroinflammation (OR 3.571; 95%CI 1.494-8.536, p=.004)

Villa E et al. Gastroenterology 2011
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The Gl tract as a site of HIV pathogenesis
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Microbial translocation in HIV
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HIV, gut mucosa & Immune activation
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L
Microbial translocation hampers

CD4+ T-cell recovery upon cART
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Microbial translocation Is increased In liver
disease

- Alcohol-induced liver disease
- Graft versus host disease
- Primary biliary cirrhosis

Thurman RG. Am J Physiol Gastrointest Liver Physiol 1998;
Paik YH. Hepatology 2003; Hill GR. Blood 1997; Feld 1]. Dig Dis Sci 2006
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LPS and Kupffer cell activation
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Up-regulation of pro-inflammatory, pro-
fibrogenic cytokines (IL-6, TNF-a, IL-1, IL-12)



L
LPS independently predicts liver disease

progression e

Mean age, y [=50) 506 = 6.2 417+ 60
Sex, male, n (%) 10 (E8.8) 60 {B4.5)
Race, black, n (%) 16 (84.1) 609 {97.2)
HIV (%], n Bi4T.1) 20{28.2)
Propartian injecting illicit drugs (in prior & ma) Ti41.2) 30 (54.9)
Ah;;i vee 11 (B4.T) 26 {36.6)
=1 drink/ day 5(20.4) 38(53.5)
T days/wk 1(6.9) T{8.9]
OR 95% Cl P value
Univariate
LPS =42 pg/mL? 19.0 2.98-120.79 .0018
LBP (highest quartile) 5.02 1.63-15.48 .005
_sCD14 (highest guartile)® 860 1983772 0041
AAL =5-fold above 27.77 5.64-136.71 = .0001 Cirrhosis: liver biopsy
control® and/or clinical events
EndoCAb IgM (highest 0.15 0.02-1.20 073 (esophageal varices,
quartile) ascites, or
CD4+ lymphocyte 7.02  1.36-36.31 02 encephalopathy)
< 350/mm32
Multivariatea.b
LPS =42 pg/mL 18.14 2.58-127.67 .0036
YmMPpHocyie ©.50 T.02-41.23 .0
<350/mm?3

Balagopal A et al. Gastroenterology 2008
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HIV/HCV co-infection
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Marchetti et al. BMC Infectious Diseases 2014, 14:79
http://www.biomedcentral.com/1471-2334/14/79 BMC

Infectious Diseases
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Immune activation and microbial translocation
in liver disease progression in HIV/hepatitis
co-infected patients: results from the Icona
Foundation study

Giulia Marchetti”, Alessandro Cozzi-Lepri®, Camilla Tincati', Andrea Calcagno®, Francesca Ceccherini-Silberstein®,
Andrea De Luca’, Andrea Antinori®, Antonella Castagna’, Massimo Puoti®, Antonella d’Arminio Monforte'
and for the Icona Foundation Study Group

127 HIV-infected hepatitis viruses co-infected patients (118 HCV, 9 HBV)
- ART naive, CD4 cell count >200/pl
- known date of prior HIV neg/pos tests

—Iimmune activation (I1A): IL-6,TNFa
—microbial translocation (MT): LPS, sCD14



epatlis co-Inrecte

higher circulating LPS (lcona Cohort)

118 HCYV co-
infected;
9 HBV co-infected

Marchetti G et al. BMC Infectious Dis 2014

Gender, n{%s)
Female

Age, years
Median {range)

Mode of HIV tranamission, n[%s)
Homosexual contacts
Heterosexual comtacts

]
Otk unkmown

Viral laad, lagl0 copies fmL

Median {IQ#R)

CDdl cownt, calls/fmmc

Median {range)

Hepatitis © co-infection, n[%s)

Negative
Positive

Time from HIV seroconwersion,

years
Median {range)

Calendar year of sample

Median {range)
Biomarkars

CDBCDIE+ DR+, Y (A=120)

Median {LQR)

-8, pg/mil (A=279)

Median {I08R)

LPS, pg/mi (m=212)

Median {I0R)

sCO4, mg/mil (n=294)

Medizn {TIGR)

THE-alfa, pg/ml (A=286)

Median {IQ#R)

ALT, TU/1 (R=360)

Hepatitis co-
infected

N= 127
44 [34.6%)
34 (23, 56)

18 [14.2%)
20 (15.7%)

85 (66.9%)

4 [3.1%)
3.8 (3.1, 4.3)
596 (208, 1303)

9 (7.1%)
118 (92.9%)

5 (0, 25)

1998 (1997, 2008)

48,0 (25.2, 55.4)
1.1 (0.6, 2.00
126.2 (75, 205.5)
3.5(2.0, 5.3)
2.3 (1.7, 3.4)

41.0 (24,

64 (26.6%:)

33 (21, 58)

123 (51.0°%)
101 (41,99%)

14 (5.89%)
3 (1.29%)

4.0 (3.5, &.5)

579 (39, 1373)

241 (100.0%)

0 (D.0%:)

3 {0, 15)

2000 (1597, 2007)

45.0 (33.0, 54.7)

1.1 {0.5; 200

75.3 (75; 198.0)

2.2 (1.6, 3.3)

23.0 (17.0, 35.0)

+ patients presen

Total

M= 358

108 (29, 3%)

34 (21, 58)

141 (38.3%)
121 (32,9%)

09 (26.9%)
7 (1.9%)

3.9 (3.3, 4.4)

580 {39, 1373)

3 (0, 25)

15995 (1997, D008)

45.0 (32,6, 54.9)

1.1 (0.5; 2.0)

90.3 (75; 199.5)

3.6 (2.3, 5.2)

2.3 (1.6, 3.3)

25.5 (18.0, 43.0)



HIVV/HCV co-infection, cirrhosis & microbial

translocation
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Balagopal, A et al. Gastroenterology. 2008



Microbial translocation as driver of immune
activation/inflammation
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Brenchley et al. Nat Med 2006; also: Jiang et al. JID 2009






Endpoints: i) ALT >200 IU/ml or liver-related death; ii) Fib-4 > 1.45 or
liver-related death

Crude and adjusted relative hazards of developing Fib>1.45

Biomarker Crude RH (95% CI) p-value Adjusted” RH (95% Cl) p-value Adjusted”” RH (95% Cl) p-value
CD8CD38+DR+, %

<=48% 10 10 1.0

>48% 5.27 (0.59, 47.23) 0137 462 (0.47, 45.35) 0.189 534 (031, 9247) 0.250
not measured 2.82 (0.37, 21.58) 0318 2.88 (0.35, 23.80) 0.327 171 (019, 1566) 0,636
IL-6, pg/ml

<=1.1 10 10 1.0

>1.1 1.67 (059, 4568) 0333 162 (052, 5.05) 0403 1.24 (034, 458) 0.747
not measured 071 (018, 284) 0627 056 (013, 248) 0443 & 0.992
LPS, pg/ml

<=126 10 10 1.0

=126 041 (011, 160) 0200 036 (007, 1.78) 0211 0.53 (0.08, 3.33) 0497
not measured 053 (019, 148) 0217 064 (021, 1.98) 0431 0.71 (013, 3.89) 0.697
sCD14, mg/ml

<=36 10 10 1.0

>36 0.99 (0.36, 2.74) 0987 046 (0.14, 1.53) 0.206 0.20 (0.04, 0.90) 0.036
not measured 069 (0.18, 261) 0582 033 (008, 1.46) 0.145 § 0.992

TNF-alfa, pg/ml

<=23
=23

not measured

10
837 (1.90, 36.87)
1.70 (0.24, 12.11)

10
1517 (272, B476)
1.53 (017, 13.71)

1.0
13.05 (2.43, 70.07)
029 (001, 10871)

Marchetti G et al. BMC Infectious Dis 2014






Increased rate of disease progression in patients
with hightened circulating LPS
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The median time to event was 4 years (95%CI:1-2) with LPS<
110 pg/mL vs 1.5 years (3.1-5.6) with LPS >110 pg/mL

log-rank test p=0.0002




progression

Biomarker

IL-6, pg/mil
==1
=1

not measured

LPS, pa/mil

==110

=110

not measured
sCD14, mg/ml

==3

=3

not measured
TNF-alfa, pg/ml

==25

=25

not measured

Crude RH (95%
Clj

1.00
0.91 (0.68, 1.20)
1.03 (D.74, 1.45)

1.00
1.90{1.39, 2.60)

1.32 (1.00, 1.74)
1.35 (.95, 1.93)

1.00
1.36 (1.03, 1.80)

1.54 (112, 2.11)

p-value Adjus-ted' RH {95% Cl)

1.00
112 (0.85, 1.47)
128 (0.91, 1.82)

1.00
1.92 (1.39, 2.66)

1.00
1.12 (0.34, 1.48)
1.28 (0.89, 1.84)

1.00
122 (0.92, 162}
143 (1.04, 1.98)

Crude and adjusted relative hazards of clinical progression

p-value Adjusted" RH (95% Cl}) p-value

0.436
0157

0.439
0.183

0.170
0.028

1.00
1.08 (0.80, 1.46) 0.600
1.28 (0.58, 2.82) 0.537

1.00
1.85(1.32, 2.58)

10
114 (0.85,152) 0374
0.98(0.41,232)  0.967

10
116 (0.86,1.56)  0.342
128(074,224) 0379

Marchetti et al. AIDS 2011



Immune activation due to microbial translocation

Independently predicts death

| sCD14: OR of Death by Quartile
b P "
271 ——g — O Adjusted for IL-6, D-dimer.
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Sandler N et al. CROI 2010; then: Sandler et al. JID 2011






Successful anti-viral treatment is associated with
decreased |-FABP and IL-6 levels
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Sandler N et al. Gastroenterology 2011



Reduction of T-cell activation by anti-HCV
treatment

HCV RNA (Log10 1U/mL)
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Gonzalez et al et al. J Virol 2009; also
Massanella M et al. Antiviral Therapy 2010
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98 HIV/HCV co-infected
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Patients

Three male HIV-HCV co-patients with:

- CD4+ count below 250/uL

- on stable, virologically-suppressive HAART
- requiring anti-HCV treatment

MVC added to ongoing Pl-based HAART
prior to anti-HCV treatment



Clinical Patient 1 Patient 2 Patient 3
Characteristics

Ape [y 37 50
Exposure Ex-IDU MEM Ex-I0U
CDC A3 Al 3
D4+ T-cells Nadir 111/ul 248 ul B3/ul
Current HAART TOF:FRV/T TOF+ATV/r TOF+DRV/T
D4+t cell count at 124l Ha/ul 28/l
baseline bafore MVC

intensification

MVC intensification 300 mg bid 150 mg bid 150 mg bid
HCV Genotype 1 1 12
IL-28 polymarphism ¢fc CT C/C




L
All patients achieved SVR

BRIV IFNofRBY 12 NI C IFM o/ RBEW 1> MWC IFNofREV iz
Start Start months J Start Start monithis Start Start months
Fiol b Tl liomar- i [l et -
up up up
Fib-4 score 1.55 113 11E 126 10 10 1.65 11 108
Peripheral T-cells
phenotypes
Chd+ T-cells o x4 352 449 Z24E I52 03 21 261 200
Chd+ T-cells % 14 16 25 31 22 2 11 11 11
COEs+ T-cells o BEO 123z B7G 32E B8 1107 117E 152G 1944
COE+ T-cells % 55 56 S 41 55 &0 82 87 73
COE+CD1ZF+ N 272 255 49 a2 160 a4z 2ES 559 1023
COE+CD1Z27+T-cells iF 21 28 13 1 30 15 24 37
3%
COE+CDI8+T-cells n 3z 1z 431 5 48 T = L1 175
CDE+CDI84+T-cells % F. 1 3 15 3 ] 3 2 T
CDa/CD8 ratio 025 o e o051 076 o4 036 o e 2 8 I oS




D PTs #1

All patients -
recovered

200+

CD4+ T-cells, n

peglNF/RBV

start

- — ——

6 months

peglNF/RBV

peglNF/RBV

% ‘SI89-L +¥Q0

CD4+ T-cell :

PTS #2

count

500+
400
300

200-

CD4+ T-cells, n

100+

0

MVC

start LegINF/IRBV

start

3 months

pegINF/RBV

T6

pegINF/RBY FU T6

T12

!

% ‘Slled-1 +7QD

PTS #3

500+

400+

300+

200+

CD4+ T-cells, n

100+

MvC
start

18 months

!

pegINF/RBV
pegINF/RBV
start

T6

pegINF/RBY FUTE

T12

!

-

!

% ‘SIe9-L +¥A0




CDE+ T-cells n
CDE+ T-cells %%

CDE+CD1Z2T+ N

CoB+CD1Z27+T-cells
%

CDB+CD384T-cells n

COE+CD384T-cells %

CO4fCOE ratio

2BZ616 527521

HCW RMA U mL

FoA07 3827

SET AT Wl



D pTs #

Recovery of memory

T-cells, rise in T-cell
activation

PTS #2

— 60

£ MVC
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% start

© 404

= ol 1+
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© 204

et

S 104

a

© 9
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start
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:

T12

}

Stop
MvC
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|

FU T12
. 60 l
2 MVC
< egINF/RBV
0 50- start peg T FU T6
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o
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(=] Stop
O . MVC
FU T12
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L50 o
(0]
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MWC

Start
Fib-4 score 1.5
Peripheral T-cells
phenotypes
CDa+ T-cells n 2z4
CDa+ T-cells % 14
CDE+ T-cells n EBD

CDE+CD1Z2T+ N

CoB+CD1Z27+T-cells

COEB4+CD38+T-cells %

CD4,/CD& ratio 0.25
HIV RNA cp/mL <30
HCV RNA UL/mL

AST/ALT Ul 1636

IFMNo B
S5tart

1.13

1z

manths
Tl b

1.18

25

B7S

051
=39

<1

41739

KVC

126

31

32E

Start

10

352

22

0.4
=39

527521

IBS2T

2F

1107

165

IFN/RBW

11

12

months
fio [l ooere-

1.08










Hepatocyte

NK Cells

QDR
‘IFNV‘
D “

Adapted from Balagopal, CROI 2015

Inhibition LU (%)

NK Cells Constrict HCV Replication

Acute - cleared Acute - persist
@)
8o
(0]
o O
m
O (@]
% r=0.68
p=0.015 o
1 ] I Q 1 o
CD5651EMCD27(+)
Eisenhardt M et al., AIDS, 2014
Golden-Mason et al., PLoS One, 2014
Dcutc-)motved ] I acute->chronic
Hepatocyte
28.9% 14.8%

% IFN-v({+) NK cells

Kokordelis P et al., Hepatology, 2014






Cured NK |. '

> pSTAT1 '
- TRAIL |
- CD107a

- IFN;

..‘} e

“» pSTAT4 t; .”%\k’

HCV cleared

Mondelli M Gastroenterology 2015



IFN-based therapy: viral cure #
Immunologic cure

o

= pSTAT1 k’- o , N

« TRAIL ‘(\ ?,." ‘.
e e

- CD107a ' ,;f b

= pSTAT4 (- 8 0

>IN &

N

$IFNG

HCV cleared

Mondelli M Gastroenterology 2015



NK phenotype “normalization” under DAA regimes
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NK function “normalization” under DAA regimes
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Viral cure = immunologic cure

Mondelli M Gastroenterology 2015
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