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Available online 1 October 2019 biomarkers among HIV/HCV-coinfected patients who achieved sustained virologic response (SVR) follow-

ing peg-IFN-«/ribavirin therapy and to evaluate its normalization with respect to an HIV-monoinfected
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Chronic hepatitis C control group.

HIV Methods: We performed a prospective cohort study in 99 HIV/HCV-coinfected patients with samples at
HCV therapy baseline (HIV/HCV-b-group) and at week 24 after SVR (HIV/HCV-f-group). We also used a control group
Biomarkers of 39 HIV-monoinfected patients (HIV-group) negative for HCV and HBV infections, and who had un-
Inflammation detectable HIV viral load and CD4* >500 cells/mm?. Peripheral T cell subsets were assessed by flow

Immune activation cytometry and plasma biomarkers by immunoassays.

Results: HIV/HCV-coinfected patients had higher values of in IL-10, IL-4, IP-10, IL-8, IL-18, IL-18, IL-6,
IFN-y, IL-12p70, TNF-«, sVCAM-1, sICAM-1, and sTNFR-1 than HIV control subjects, both at the beginning
and at the end of follow-up. Moreover, three biomarkers (CD4*CD38*, telomere length, and IL-1RA) were
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normalized in relation to the control group at the end of follow-up (the HIV/HCV-b group had higher
values and the HIV/HCV-f group had similar values as the HIV-group). Additionally, LPS, IL-2, and IL-17A
levels were higher in the HIV/HCV-f group than the HIV-group (24 weeks after SVR). During
the follow-up, HIV/HCV-coinfected patients had a significant decrease by the end of follow-up in
CD8+CD45RA-CD28+, CD4+CD38+, CD4*+CD25+CD127-/°%, CD4+CD25+CD127-/"" CD45RA~, FABP2, LBP,

IP-10, sVCAM1. Only CD4*CD38* was normalized.
Conclusion: HIV/HCV-patients showed a slight improvement in the overall profile of immune biomarkers

after achieving SVR.

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Background

The natural history of human immunodeficiency virus (HIV) in-
volves progressive immunodeficiency, development of acquired im-
mune deficiency syndrome (AIDS), and death in the absence of
antiretroviral treatment.! This immunodeficiency may be reverted
by suppressive combination antiretroviral therapy (cART),? partic-
ularly with early initiation of cART.> However, a large number of
alterations are not completely reversed, such as deficits in CD4"
T helper cell (Th) 1, Th2, Th17, and regulatory CD4* T cell (Treg)
responses,*™9 persistent immune activation,” systemic inflamma-
tion,> gut mucosal barrier dysfunction and dysbiosis;!%-12 which
may increase the risk for of both AIDS and non-AIDS-related con-
ditions and death.!>-14

Hepatitis C virus (HCV) infection is common among HIV-
infected subjects, who develop chronic hepatitis C (CHC) over
decades. In these patients, the progression of liver fibrosis is faster
than for HCV-monoinfected patients,'> with higher rates of cir-
rhosis, decompensation, hepatocellular carcinoma, and death.!6-18
During CHC, HCV infection promotes an immune response to
control the viral infection,'® but it also promotes chronic inflam-
mation, non-specific immune activation, immune function dysreg-
ulation, and immune senescence, which accelerate liver fibrosis
and the development of other comorbidities.’®-2! This dysregula-
tion of the immune system can be aggravated by HIV infection.?%2!
In this regard, we recently reported that biomarkers related to
CD4+ Tregs, immune activation, bacterial translocation, inflamma-
tion, endothelial dysfunction, and coagulopathy were significantly
higher in HIV/HCV-coinfected patients than HIV-monoinfected pa-
tients.>2+23

The elimination of HCV infection after HCV therapy (sustained
virologic response (SVR)) in HIV/HCV-coinfected patients decreases
the risk of clinical events and death.2*26 However, cirrhotic pa-
tients who achieve SVR remain at risk of developing hepatocel-
lular carcinoma?’ and extrahepatic cancers.?® Additionally, rever-
sal of cirrhosis after SVR seems to be a slow process and the
alterations of the immune system may persist after achieving
SVR, particularly in cirrhotic patients.?° Previous studies have de-
scribed a significant decrease, after SVR with HCV therapy, in pe-
ripheral memory T-cells?® and immune activation (CD4+CD38+
and CD8+CD38+),293! and in plasma levels of biomarkers re-
lated to inflammation (interleukin (IL)—6, IFN-y-inducible protein
10 (IP-10)),%2 bacterial translocation (lipopolysaccharide binding
protein, soluble CD14 (sCD14) and fatty acid-binding protein 2
(FABP2)),%%-32 and endothelial dysfunction (soluble tumor necro-
sis factor receptor-1 (STNF-R1), soluble intercellular adhesion
molecule 1 (sICAM-1) and soluble vascular cell adhesion molecule
1 (sVCAM-1)).33-3> However, in the articles there is a lack of con-
sistency in the analyzed biomarkers and the significant biomarkers
detected, the timepoints that were used to take the samples after
the end of treatment, and the statistical tests used. Additionally,

there also are articles that report no changes in these biomark-
36,37
ers.”®

Objective

We proposed this study with a high number of peripheral im-
mune biomarkers (blood and plasma) analysed by multivariate
statistical tests based on the hypothesis that elimination of HCV
infection could promote an improvement or normalization in pe-
ripheral immune biomarkers related to lymphocyte subpopulations
(naive, memory, effector, activated, and Tregs), bacterial transloca-
tion, inflammation, endothelial dysfunction, coagulopathy, and im-
mune function in HIV/HCV-coinfected patients who started HCV
therapy with peg-IFN-¢/ribavirin. We found HIV/HCV-coinfected
patients who achieved SVR had decreases in some biomarkers, al-
though most of them were far from normalized.

Patients and methods
Study subjects

We carried out a prospective cohort study (repeated measures
design) in HIV/HCV-coinfected patients from the cohort of “Grupo
de Estudio del SIDA” (GESIDA 3603b study; see Appendix) enrolled
between February 2012 and February 2016 at 14 centres in Spain.
This study was performed according to the Declaration of Helsinki
and was approved by the Research Ethics Committee of the Insti-
tuto de Salud Carlos III (CEI PI 23_2011). Participants gave their
written consent before enrolment.

The detailed description of the GESIDA 3603b study has
been previously reported.2? All HIV/HCV-coinfected patients re-
ceived HCV therapy with pegylated interferon (IFN)-alpha plus rib-
avirin (peg-IFNa+rib) or peg-IFN-«/ribavirin/direct-acting antivi-
rals (DAAs). The selection criteria were: (1) demonstrable HCV
plasma viral load and HIV proviral DNA in peripheral blood cells;
(2) CD4* T cell counts >200 cells/uL; (3) stable cART >6 months
or no need for cART according to guidelines; (4) blood sample to
performed immunological tests; and (5) a liver stiffness measure
(LSM) at baseline. The exclusion criteria were: (1) acute hepatitis
C; (2) hepatitis B virus co-infection; and (3) previous diagnosis of
hepatic decompensation or hepatocellular carcinoma.

Fig. 1 shows a flowchart describing the selection of the
HIV/HCV-coinfected patients included in this study. From 264
HIV/HCV-coinfected patients enrolled in the GESIDA 3603b study,
249 had blood samples available before HCV therapy, but 113 pa-
tients were lost to follow-up due to dropping out of the study, ad-
verse events, or because non-responder patients received a new
HCV treatment. Additionally, 11 patients were discarded by in-
complete cytometry data, ten patients did not have their plasma
sample available at the end of follow-up, and 16 patients did not
achieve SVR. Following these exclusions, the study was conducted
longitudinally in 99 HIV/HCV-coinfected patients at baseline (be-
fore HCV treatment, HIV/HCV-b-group) and at the end of follow
up (week 24 after SVR, HIV/HCV-f-group).

We also used a control group of 39 HIV-monoinfected patients
(HIV-group) negative for HCV and HBV infections, and who had
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(clinical study)
(264)

HIV/HCV-coinfected patients included in GESIDA 3603b study

* Blood sample unavailable before HCV therapy (n=15)

(n=249)

Patients with a sample in the Spanish HIV HGM BioBank at baseline

A 4

* Blood sample without flow cytometry data (n=11)

* Lost to follow-up due to abandonment of the study, side
effects, HCV retreatment, among others. (n=113)

* Plasma sample unavailable at the end of follow-up
(n=10)

* Patients who did not achieve SVR (n=16)

(laboratory study)
(n=99)

Patients included in the current sub-study of GESIDA 3603b study

Fig. 1. Flow chart describing the inclusion and exclusion criteria of HIV/HCV-coinfected patients included in our study.
Abbreviations: HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type 1; HGM, Hospital GregorioMaraiion; GESIDA, Grupo de Estudio de Sida.

undetectable HIV viral load and CD4*>500 cells/mm?3. This HIV-
monoinfected control group has been used in other reports,22-23
which represents the normality standard for HIV-infected patients
without chronic hepatitis viral infection and stable peripheral
blood biomarkers.

Clinical data

Clinical and laboratory data were collected prospectively us-
ing a standard database via an online form within each center,
which were monitored to verify the information collected in the
database.?? Alcohol consumption >50 g/day was considered as
high alcohol intake. The time of HIV infection was calculated from
the HIV diagnosis date. The time of HCV infection was calculated
from the date of the first year they showed some high-risk behav-
iors for HCV infection (shared needles and other injection para-
phernalia, identified sexual contact, use of blood and blood prod-
ucts, and needle piercing) or a diagnosis of acute hepatitis C. The
LSM was evaluated by transient elastography (FibroScan®, Echo-
sens, Paris, France).22

Telomere length

Total DNA was extracted from one million pelleted peripheral
blood mononuclear cells with the Wizard® SV Genomic DNA Pu-
rification System (Promega, Madison, WI, USA). Relative leukocyte
telomere length (rLTL) measurement was performed by monochro-
matic multiplex real-time quantitative PCR (MMqPCR) based on
the method previously described by Cawthon et al.>® and by Hsieh
et al.> The rLTL was expressed as the ratio of the telomere ampli-
fication product (T) normalized to a single copy nuclear gene (S)
(globin).

Flow cytometry

The expression of surface markers were evaluated in 100 pL
fresh anticoagulated whole blood, which were stained with the
following antibodies: anti-CD38-APC-Cyanine 5.5 (APC-Cy5.5, clone
HIT2, Invitrogen, Frederick, MD), anti-CD28-PE (Phycoerythrin,
clone CD28.2, Beckman Coulter, Marseille, France), anti-CD57-FITC
(Fluorescein, clone NC1, Beckman Coulter, Marseille, France), anti-
CD127-PC7 (Phycoerythrin-Cyanin 7, clone R34.34, Beckman Coul-
ter, Marseille, France), anti-CD25-PC5 (Phycoerythrin-Cyanin 5.1,
clone B1-49.9, Beckman Coulter, Marseille, France), anti-CD45RA-
ECD (Phycoerythrin-Texas Red X, clone 2H4LDH11LDB9, Beckman
Coulter, Marseille, France), anti-CD3- PO (Pacific Orange, clone
VCHT1, Invitrogen, Frederick, MD), anti-CD8- PB (Pacific Blue,
clone SK1, BioLegend, San Diego, CA), and anti-CD4-APC-Cy7 (APC-
Cyanine 7, clone OKT4, BioLegend, San Diego, CA).

The antibody mixes and samples were incubated for 20 min at
room temperature in the dark and, afterwards, the IMMUNOPREP
Reagent System (Beckman Coulter, Galway, Ireland) was added to
lyse and fix each sample. We evaluated the fluorescence with a
Gallios™ Flow Cytometer (Beckman Coulter, Miami, FL), acquiring
a minimum of 200,000 cells in the lymphocyte gate for each sam-
ple. We used the Kaluza™ acquisition software (version 1.5; Beck-
man Coulter, Miami, FL) to analyze the flow cytometry data.

Multiplex immunoassays and ELISA

Plasma samples were collected in the Spanish HIV HGM
BioBank and stored until use at -80°C. ProcartaPlex™ multiplex
immunoassay (Bender MedSystems GmbH, Vienna, Austria) was
used to measure the plasma biomarkers according to the manu-
facturer’s specifications using a Luminex 200™ analyzer (Luminex
Corporation, Austin, TX, United States). The plasma biomarkers
measured by ELISA multiplex were IL-10, IL-1 receptor antagonist
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(IL-1RA), IL-4, IP-10, IL-8 (or chemokine (C-X-C motif) ligand 8,
CXCL8), monocyte chemoattractant protein-1 (MCP-1)], IL-18, IL-
18, IL-6, tumor necrosis factor alpha (TNF-«), IFN-y, IL-12p70, IL-2,
IL-17A, sICAM1, sVCAM1, sTNFR1, plasminogen activator inhibitor-1
(PAI-1) and D-Dimer.

We also used commercial ELISA for LBP (R&D Systems, Min-
neapolis, USA), sCD14 and FABP2 (Raybiotech, Georgia, USA), and
transforming growth factor beta 1 (TGF-81; Bender MedSystems
GmbH, Vienna, Austria) because the multiplex immunoassay was
not available. The lipopolysaccharide (LPS; Hycult Biotech, Uden,
The Netherlands) was evaluated by a Limulus amebocyte lysate
(LAL) chromogenic endpoint Elisa.

Statistical analysis

The statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS) v23.0 software (IBM Corp.,
Chicago, USA) and the R statistical package version v3.4.1 (R Foun-
dation for Statistical Computing, Vienna, Austria).

The primary outcome variables were the biomarker values.
The proportion of missing values was lower than 10% in each
biomarker and these missing measures were imputed using the R-
package "Hmisc v4.1-1”" and the “pmm” algorithm.

We used unadjusted Generalized Linear Models (GLMs) with
a gamma distribution (log-link) to analyze the differences in
biomarker levels according to independent groups (HIV/HCV-b
vs HIV and HIV/HCV-f vs HIV) and related groups (HIV/HCV-
f vs HIV/HCV-b). This test provides the arithmetic mean ratio
(AMR) of the compared groups and its significance level (p-value),
which were adjusted by Bonferroni correction for multiple compar-
isons (adj-p-values) to reduce the risk of a spurious result. From
the list of significant biomarkers, we performed GLMs adjusted
by the main clinical and epidemiological baseline variables to con-
firm the significant associations found in the unadjusted GLMs. For
independent groups (HIV/HCV-b vs HIV and HIV/HCV-f vs HIV), we
adjusted the GLM models by gender, age, body mass index, CD4*
T cells nadir (the lowest CD4 count during the follow-up), FIB-4
(a non-invasive liver fibrosis index), and CD4* T cells. For related
groups (HIV/HCV-f vs HIV/HCV-b), we adjusted the GLM models by
gender, age, alcohol intake, HCV genotype, HCV viral load, CD4* T
cells nadir, LSM, and CD4* T cells.

Additionally, we performed a supervised multivariate analysis
via partial least squares discriminant analysis (PLS-DA) [R-packages
"mixomics v6.0-81”] to model all biomarkers together, which can
be correlated (multicollinearity). All biomarker values were nor-
malized by logarithmic transformation (log10) and, subsequently,
were auto-scaled (mean centered and then divided by the stan-
dard deviation of the variable). The PLS-DA provides the area under
the receiver operating characteristics (AUROC) to assess the perfor-
mance of PLS-DA models. Also, the PLS-DA provides the variable
importance in projection (VIP) score of each biomarker for ranking
biomarkers, and a VIP score higher than 1 (VIP >1) was used for
selecting relevant variables.

Results
Patient characteristics

Table 1 shows the baseline characteristics of 99 HIV/HCV-
coinfected patients and 39 HIV-monoinfected patients (control

group).
Profile of immune biomarkers with respect HIV group

At baseline, we compared the HIV/HCV-b group versus the
HIV group by an unadjusted GLM analysis (independent groups)

Table 1
Clinical and epidemiological characteristics of HIV/HCV-coinfected patients at
baseline.
HIV/HCV HIV
No. 99 39
Gender (male) 79 (79.8%) 24 (61.5%)
Age (years) 49 (46; 52) 51 (46; 53)

BMI (kg/m?)

BMI >25 kg/m?

Diabetes

High alcohol intake

HIV acquired by IVDU

Prior AIDS

Years since HIV infection

Years since HCV diagnosis

Previous HCV therapy (IFNa+rib)

Antiretroviral therapy
Non-treated
PI-based
2NRTI+II-based
2NRTI+PI-based
2NRTI+NNRTI-based
Others

HIV markers
Nadir CD4+ T-cells (cells/mm?)
Nadir CD4+ <200 cells/mm3
CD4+ T-cells (cells/mm?3)

24.7 (21.8; 27.8)
45 (47.4%)
(8 1%)
4 (44.4%
4 (74.7%
5 (25.3%)
(17; 26)
(
(

22
21 (14; 25)
45 (45.5%)
1 (1/)
(13.1%)
(26 3%)
1(21.2%)
2 (32.3%)
6 (6.1%)

165 (90; 260)
63 (64.9%)
520.5 (372; 781)

25.3 (23.5; 26.6)
21 (55.3%)

6 (15.8%)
1(3.1%)

13 (33.3%)

10 (25.6%)
4(10.2%)
23 (64.1%)
2 (5.1%)

215 (107; 343)
14 (38.9%)
832 (685; 1036)

CD4+ <500 cells/mm? 45 (45.9%) 0 (0%)

HIV-RNA >50 cp/mL 8 (8.1%) 0 (0%)
HCV markers

HCV genotype

1 74 (74.7%) -

2 2 (2%) -

3 17 (17.2%) -

4 6 (6.1%) -
Logyo HCV-RNA (IU/mL) 6.2 (5.7; 6.6) -
HCV-RNA > 850,000 IU/mL 61 (61.6%) -

LSM (kPa) 12 (7.8; 18) -

FO-F1-F2-F3 (<12.5 kPa) 52 (52.5%) -

F4 (12.5-25kPa) 31 (31.3%) -

F4 (25-40 kPa) 10 (10.1%) -

F4 (>40kPa) 6 (6.1%) -

Statistics: Values expressed as absolute number (percentage) and median (in-
terquartile range).

Abbreviations: HCV, hepatitis C virus; HCV-RNA, HCV plasma viral load; HIV, hu-
man immunodeficiency virus; LSM, liver stiffness measure; HIV-RNA, HIV plasma
viral load; IVDU, intravenous drug user; AIDS, acquired immune deficiency syn-
drome; IFNa+rib, interferon-alpha plus ribavirin; NNRTI, non-nucleoside ana-
logue HIV reverse transcriptase inhibitor; NRTI, nucleoside analogue HIV reverse.

(Fig. 2A; full description in Supplemental Table 1). The HIV/HCV-
b group had lower values (adj-p-values < 0.05) in replicative
senescence (telomere length), while they had higher values (adj-
p-values < 0.05) in activated CD4* T cells (CD4+CD38"), bac-
terial translocation (LPS), anti-inflammatory/suppressor function
(IL-10, IL-1RA, and IL-4), pro-inflammatory chemokines (IP-10
and IL-8), pro-inflammatory cytokines (IL-18, IL-18, IL-6, TNF-
o, IFN-y, and IL-12p70), and endothelial dysfunction (sVCAM-1,
SICAM-1, and sTNFR-1). From this list of significant biomarkers
(adj-p-values < 0.05), adjusted GLM analysis confirmed the signifi-
cant differences between groups for CD4*CD38*, telomere length,
IL-10, IL-1RA, IL-4, IP-10, IL-8, IL-1p, IL-18, IL-6, IFN-y, IL-12p70,
TNF-o, sVCAM-1, sICAM-1, and sTNFR-1 (p-value < 0.05) (Fig. 3A).

At the end of the follow-up, the unadjusted GLM anal-
ysis (independent groups) between the HIV/HCV-f group and
the HIV group (Fig. 2B; full description in Supplemental Table
1) showed that the HIV/HCV-f group had lower values (adj-p-
values < 0.05) in replicative senescence (telomere length) and
higher values (adj-p-values < 0.05) in bacterial translocation (LPS),
anti-inflammatory/suppressor function (IL-10, IL-1RA, and IL-4),
pro-inflammatory chemokines (IP-10 and IL-8), pro-inflammatory
cytokines (IL-18, IL-18, IL-6, TNF-«, IFN-y, IL-12p70, IL-2, and
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A) HIVIHCV-b | HIV B) HIVIHCV-f | HIV C) HIV/HCV-f | HIV/HCV-b
CD4+ naive/memoryleffector : adj-p-value adj-p-value adj-p-value
CD4'CD45RA*CD28" [T 0.998 1.000 0.845
CD4'CD45RACD28" [ 0998 1,000 1.000
CD4"CD45RACD28" [~ 1.000 1.000 0.110
CD4'CD45RA'CD28" =} 1.000 0.979 1.000
CD8+ naive/memoryl/effector :
CD8'CD45RA'CD28" [ 1.000 0.999 gl
CD8'CD45RA'CD28" [ 0.663 1.000 <0.001
CD8'CD45RACD28" [-Fj4 1.000 1.000 1.000
CD8'CD45RA*CD28" [HH 0.886 0.993 0.998
Activated T-cells
cD4'CD38" <0.001 1.000 <0.001
cD8*CD38" 0.955 0.999 1.000
Senescence
Telomere length 0.002 0.038 1.000
Senescent CD8+ T-cells
cD8*CD57" 1.000 1.000 1.000
CD8"CD57°CD28" 1.000 1.000 1.000
Regulatory CD4+ T-cells
cD4*cD25'cD1277°Y 0.189 1,000 <0.001
CD4*CD25'CD127"°" CD45RA" 0.608 1,000 <0.001
CD4*CD25'CD127"°" CD45RA" 1.000 1.000 1.000
Bacterial translocation
sCD14 1.000 0.667 0.212
FABP2 0.908 1.000 0.025
LPS 0.016 0.001 1.000
LBP 0.462 1.000 <0.001
Anti-inflammatory/suppressor
IL-10 <0.001 0.001 1.000
TGF-R1 1.000 1.000 1.000
IL-1RA <0.001 <0.001 1.000
IL-4 0.042 0.007 1.000
Pro-inflammatory chemokines
1P-10 <0.001 <0.001 <0.001
MCP-1 0.319 0.164 1.000
IL-8 <0.001 <0.001 0.142
Pro-inflammatory cytokines
IL-1R <0.001 <0.001 1.000
IL-18 <0.001 <0.001 0.226
IL-6 <0.001 <0.001 0.527
TNF-a 0.001 <0.001 1.000
IFN-y <0.001 <0.001 0.985
IL-12p70 0.004 0.008 1.000
IL-2 0.212 <0.001 0.072
IL-17A 0.903 0.020 0.608
Endothelial dysfunction
sVCAM-1 <0.001 <0.001 0.027
sICAM-1 <0.001 <0.001 0.982
sTNFR-1 0.001 0.003 1.000
Coagulopathy
D-Dimer 0.066 0.002 1.000
PAI-1 - 0.094 i 0.091 R | 0.732
1 1T 11 TR N N B B | ST T rrrri
&N b\n 2 o &lfa& N &R0 Q,“faﬁf:\'bbt‘b,\%
AMR256EN AMR (95%Cl) AMR (95%Cl)

Fig. 2. Summary of arithmetic mean ratio (AMR) and level of statistical significance (adj-p-values) for the comparison between HIV-monoinfected patients (HIV group) and
HIV/HCV-coinfected patients at baseline (HIV/HCV-b) and at the end of follow-up (HIV/HCV-f).

Statistics: Arithmetic mean ratio (AMR) and 95% of confidence interval (95%CI) were calculated by Generalized Linear Models (GLMs) for independent groups and repeated
measurements. P-values were adjusted by FDR correction for multiple comparisons (Benjamini and Hochberg).

Abbreviations: HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type 1; CDXX, cluster of differentiation; sCD14, soluble CD14; LPS, lipopolysaccharide; FABP2,
fatty acid-binding protein 2; LBP, lipopolysaccharide binding protein; IL, interleukin; IP-10, IFN-y-inducible protein 10; IL-1RA, interleukin-1 receptor antagonist; sVCAM-
1, soluble vascular cell adhesion molecule 1; sICAM-1, soluble intercellular cell adhesion molecule 1; sTNFR1, soluble tumor necrosis factor receptor 1; MCP1, monocyte
chemoattractant protein-1, PAI-1, plasminogen activator inhibitor-1; TGF-£1, transforming growth factor beta 1; IFN-y, Interferon gamma; T-reg, regulatory CD4+ T cells;
TNF-e, tumor necrosis factor alpha.
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Fig. 3. Summary of Generalized Linear Models (GLMs) adjusted by the main clinical and epidemiological characteristics for the comparison of HIV-monoinfected patients
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(HIV group) and HIV/HCV-coinfected patients at baseline (HIV/HCV-b) and at the end of follow-up (HIV/HCV-f).

Statistics: Arithmetic mean ratio (AMR) and 95% of confidence interval (95%CI) were calculated by Generalized Linear Models (GLMs) adjusted by the main clinical and

epidemiological characteristics (see Patients and Methods - Statistical analysis).

Abbreviations: HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type 1; CDXX, cluster of differentiation; FABP2, fatty acid-binding protein 2; LBP, lipopolysac-
charide binding protein; IL, interleukin; IP-10, IFN-y -inducible protein 10; sVCAM-1, soluble vascular cell adhesion molecule 1; sICAM-1, soluble intercellular cell adhesion
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IL-17A), endothelial dysfunction (sVCAM-1, sICAM-1, and sTNFR-1),
and coagulopathy (D-Dimer). From this list of significant biomark-
ers (adj-p-values < 0.05), the adjusted GLMs confirmed the signif-
icant differences between groups for LPS, IL-10, IL-4, IP-10, IL-8,
IL-18, IL-18, IL-6, IL-2, IFN-y, IL-12p70, TNF-¢, IL-17A, sVCAM-1,
sICAM-1, and sTNFR-1 (p-value < 0.05) (Fig. 3B).

We also stratified HIV/HCV-coinfected patients by CD4* (500
cellsymm?), cirrhosis (F4), and normalized ALT (40 IU/mL) to an-
alyze whether the severity of liver disease and immune status af-
fect the comparison with the HIV control group, both at baseline
(see Supplemental Table 2) and at the end of follow-up (see Sup-
plemental Table 3). Overall, we found that the pattern of signifi-
cant differences with respect to the HIV group was similar for a
high number of biomarkers, although we also observed different
patterns for some biomarkers.

Longitudinal dynamics of the profile of immune biomarkers

The wunadjusted GLM analysis (repeated measurements)
(Fig. 2C; full description in Supplemental Table 1) showed
that the HIV/HCV-f group had lower values than the HIV/HCV-
b group (adj-p-values < 0.05) in early memory CD8* T cells
(CD8+CD45RA-CD28"), activated CD4*t T cells (CD4+tCD38%),
CD4t Tregs (CD4TCD25+CD127-/°%) memory CD4* Tregs
(CD4+CD25+CD127-""WCD45RA-), bacterial translocation (FABP2
and LBP), pro-inflammatory chemokines (IP-10), and endothelial
dysfunction (sVCAM1).

From this list of significant biomarkers (adj-p-values < 0.05),
the adjusted GLMs confirmed the significant differences
between groups for CD8TCD45RA-CD28*, (CD4*+CD38*,
CD4+CD25+CD127-/1°%, CD4+CD25+CD127-/'°% CD45RA-, FABP2,
LBP, IP-10, and sVCAM1 (p-values < 0.05) (Fig. 3C).

Identification of key biomarkers

The PLS-DA graphics are shown in the Supplemental Figure 1.
The AUROC was higher than 0.95 at baseline and at the end of
follow-up (independent groups), and higher than 0.85 during the
follow-up (repeated measurements).

The VIP scores from the PLS-DAs were used to classify and
identify the most relevant biomarkers (Fig. 4). At baseline, the
biomarkers with VIP score >1 were IP-10, sVCAM-1, sICAM-1,
CD4*tCD38*, IL-8, IL-6, sTNFR1, IL-18, IL-10, IL-18, and telomere
length (Fig. 4A). At the end of follow-up, the biomarkers with
VIP score >1 were sVCAM-1, sICAM-1, IP-10, IL-2, TNF-c, IL-113,
IL-18, sTNFR-1, IL-10, IL-6, IL-8, IL-17A, IL-12p70, LPS, and IL-4
(Fig. 4B). The biomarkers selected at baseline and at the end of
follow-up were already significantly different between groups by
GLM analysis, confirming the relevance of these biomarkers. The
biomarkers shared in the two analyses were related to a suppres-
sor cytokine (IL-10), inflammation (IL-18, IL-8, IL-6, IL-18, and IP-
10), and endothelial dysfunction (sVCAM-1, sICAM-1, and STNFR-
1). CD4+tCD38* and telomere length were only found at baseline;
while LPS, IL-2, TNF-«, IL-17A, IL-12p70, and IL-4 were only found
at the end of follow-up.

During the follow-up (repeated measurements), the biomark-
ers with VIP score >1 were CD4+*CD38*, IP-10, FABP2, IL-2,
CD8*CD45RA-CD28*, IL-17A, IL-8, TNF-«, IL-4, D-Dimmer, IL-
10, and IL-6 (Fig. 4C). Of these, CD4*CD38", IP-10, FABP2, and
CD8*TCD45RA~-CD28* were also contained in the list from the GLM
analysis.

Discussion

In this study, we evaluated medium-term changes (baseline vs.
24 weeks after SVR) in peripheral immune biomarkers in a cohort

of HIV/HCV-coinfected patients, with respect to a control group
(HIV-group) and with respect to the baseline samples (repeated
measurements). The major findings were as follows:

(1) HIV/HCV-coinfected patients had higher values of in IL-10,
IL-4, IP-10, IL-8, IL-18, IL-18, IL-6, IFN-y, IL-12p70, TNF-¢¢, SVCAM-
1, sICAM-1, and sTNFR-1 than HIV control subjects, both at the be-
ginning and at the end of follow-up. Moreover, three biomarkers
(CD4*+CD38*, telomere length, and IL-1RA) were normalized in re-
lation to the control group at the end of follow-up (the HIV/HCV-
b group had higher values and the HIV/HCV-f group had similar
values as the HIV-group). Additionally, LPS, IL-2, and IL-17A levels
were higher in the HIV/HCV-f group than the HIV-group (24 weeks
after SVR).

(2) During the follow-up,
had a significant decrease by the end of follow-up in
CD8+CD45RA-CD28+,  CD4+CD38+,  CD4+CD25+CD127-/low,
CD4+CD25+CD127-/'°w CD45RA~, FABP2, LBP, IP-10, sVCAM1.

Our results stress the important of inflammation and deregula-
tion of the immune system after achieving SVR, which could shed
light on the clinical evolution of HIV-infected patients that elimi-
nate HCV with HCV therapy.

HIV/HCV-coinfected patients

Bacterial translocation biomarkers

Bacterial translocation is the passage of live bacteria or its
products from the gastrointestinal tract to extra-intestinal sites,
causing a stimulation of host immune cells, the synthesis of
pro-inflammatory cytokines, and an overexpression of chronic ac-
tivation markers.*® Bacterial translocation is very common in
HIV/HCV-coinfected patients,*° and it promotes the development
of comorbidities and the progression of HIV infection*! and liver
disease.*> In our study, HIV/HCV-coinfected patients had higher
LPS levels than the HIV group during follow-up (repeated mea-
sures), but these differences were only confirmed by adjusted GLM
analysis at 24 weeks after SVR. Moreover, HIV/HCV-coinfected pa-
tients had a significant decrease in FABP2 and LBP at the end
of follow-up (repeated measures). Thus, these bacterial transloca-
tion biomarkers could indicate a risk of developing comorbidities
and liver disease progression in HIV/HCV-coinfected patients who
achieved SVR.

Anti-inflammatory biomarkers

HIV infection causes a deregulation of the immune system that
is not entirely reversed by suppressive cART®> and is related to
gut mucosal barrier dysfunction, inflammation, and immune ac-
tivation.*> During CHC, the immune system also plays a key role
in cirrhosis progression.'®-2! In our study, HIV/HCV-coinfected pa-
tients had higher plasma IL-10 and IL-4 values than the HIV group
during all follow-up. These two biomarkers did not have a signifi-
cant change during follow-up (repeated measures). IL-10 promotes
a suppressive effect, inhibiting the synthesis of several kinds of
cytokines (proinflammatory, Th1, Th2, and Th17), and preventing
an exacerbated immune response and the subsequent tissue dam-
age.** However, IL-10 may also induce and sustain immune ex-
haustion, promote persistence of viral infections, and be related to
the progression of HIV and HCV infections.*> IL-4 promotes a Th2
response and blocks the production of Th1 pro-inflammatory cy-
tokines; but IL-4 also promotes the resolution of injuries and fa-
vors the healing process via increasing the deposit of collagen.*®
During HIV infection, IL-4 levels increase with disease progression,
which entails a change of a Th1 cytokine profile to Th2.*’ In liver
diseases, IL-4 and IL-10 promote profibrotic effects by activating in-
trahepatic myofibroblasts that synthesize and secrete collagen, but
they also have a protective role since they promote the resolution
of liver injury.*® In our study, the elevated levels of IL-10 and IL-4
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Fig. 4. Summary of values of variable importance in projection (VIP) for the comparison between HIV-monoinfected patients (HIV group) and HIV/HCV-coinfected patients
at baseline (HIV/HCV-b) and at the end of follow-up (HIV/HCV-f).

Statistics: Partial least squares discriminant analysis (PLS-DA) was used to calculate the VIP score for each of the biomarkers. The VIP score measures the variable’s impor-
tance and allows ranking of the biomarkers according to their importance in the PLS-DA model. The grid line indicates the biomarkers with the highest VIP scores (>1).
Abbreviations: HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type 1; CDXX, cluster of differentiation; sCD14, soluble CD14; LPS, lipopolysaccharide; FABP2,
fatty acid-binding protein 2; LBP, lipopolysaccharide binding protein; IL, interleukin; IP-10, IFN-y-inducible protein 10; IL-1RA, interleukin-1 receptor antagonist; sVCAM-
1, soluble vascular cell adhesion molecule 1; sICAM-1, soluble intercellular cell adhesion molecule 1; sTNFR1, soluble tumor necrosis factor receptor 1; MCP1, monocyte
chemoattractant protein-1, PAI-1, plasminogen activator inhibitor-1; TGF-B1, transforming growth factor beta 1; IFN-y, Interferon gamma; T-reg, regulatory CD4+T cells;
TNF-, tumor necrosis factor alpha.
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found at the end of the follow-up could indicate a remarkable im-
balance in the immune system, perhaps to heal liver injury caused
by hepatitis C and to compensate for the exacerbated inflammatory
response.

Our study also revealed that there were biomarkers that in-
dicated an improvement in inflammation and immune activation
after SVR. HIV/HCV-coinfected patients had higher plasma IL-1RA
values than the HIV-group at baseline, but not at the end of follow-
up (values normalized compared to the HIV control group). IL-
1RA has an anti-inflammatory effect by blocking the IL-1 receptor,
and its levels are increased with immune activation and inflamma-
tion.*? High IL-1RA levels are related to the progression to AIDS>?
and cirrhosis.”’ The normalization of IL-1RA at 24 weeks after SVR
could indicate a slight decrease in immune activation and inflam-
mation, despite there not being differences in the analysis of re-
peated measures. Furthermore, both HIV and HCV infections pro-
mote increased numbers and function of anti-inflammatory Tregs,
which secrete two cytokines with inhibitory functions (IL-10 and
TGF-B), which prevent excessive immune activation during these
viral infections.”?>3 In our study, we found a significant decrease
(repeated measures) in values of Tregs (CD4+CD25+CD127-/'° and
CD4+CD25%CD127-/°W CD45RA~) in HCV/HIV-coinfected patients.

Inflammation biomarkers

Inflammation and immune activation are typical of both HIV
and HCV infections and HIV/HCV coinfection,'®22:54 and they play
a major role in the pathogenesis of CHC.4%>> It has been found
that plasma levels of biomarkers related to inflammation and im-
mune activation are not completely normalized under cART in
HIV-infected patients.*3->* Thus, this chronic inflammation may
impair immune recovery and promote non-AIDS-linked comor-
bidities.*>>* Inflammation also promotes endothelial dysfunction,
which is related to the development of liver diseases and car-
diovascular events,”® and immune activation and immune senes-
cence.??

Changes in inflammation and endothelial dysfunction biomark-
ers during HCV therapy have already been previously described in
HIV/HCV-coinfected patients, particularly when patients achieved
SVR. Guzman-Fulgencio et al. did not find any significant decreases
between baseline and SVR for a set of Th1/Th2/Th9/Th17/Th22 cy-
tokines.”” However, SVR has been associated with a decrease in
SVCAM-1 and sICAM-1.33-3% In the current study, the HIV/HCV-
group had higher levels of inflammation (IP-10, IL-8, IL-18, IL-
18, IL-6, IFN-y, IL-12p70, and TNF-¢) and endothelial dysfunction
(sVCAM-1, sICAM-1, and sTNFR-1) than the HIV group at base-
line and at the end of follow-up (24 weeks after SVR) after ad-
justing for the most relevant epidemiological and clinical covari-
ates. Additionally, other pro-inflammatory biomarkers (IL-2, and
IL-17A) were higher in HIV/HCV-coinfected patients than the HIV-
group only at 24 weeks after SVR, despite not finding differences
in the analysis of repeated measures. Therefore, medium-term in-
flammation is maintained, despite having achieved SVR, which
could promote a higher risk of AIDS progression,*>:>* CHC pro-
gression and death.%?:>> However, we also found a decrease in IP-
10 and sVCAM-1 levels during follow-up (repeated measures), al-
though these biomarkers did not reach values of the HIV control
group. Plasma IP-10 and sVCAM-1 levels are linked to liver disease
severity in HIV/HCV-coinfected patients22-3>-58:59 and their descent
could also indicate an improvement in liver disease.

Activation biomarkers
Inflammation promotes immune activation, and vice versa.?0:43

The CD38* expression on CD4" T cells is a marker of immune acti-
vation that is increased in HIV/HCV-coinfected patients more than

in HIV-monoinfected patients.”? In our study, HIV/HCV-coinfected
patients at baseline had higher values in activated CD4* T cells
(CD4+CD38") than the HIV-group, but these biomarker values had
a significant decrease and normalization in comparison to the HIV-
group throughout the follow-up. A reduction in CD4*CD38* after
HCV elimination has been related to a reduction in proviral HIV-
DNA and microbial translocation markers in HIV/HCV-coinfected
patients.??:3! Thus, the decreased CD38 expression in CD4* T cells
could indicate a decreased risk of both AIDS and CHC progression
in our HIV/HCV-coinfected patients. Moreover, HIV/HCV-coinfected
patients showed a significant decrease in early memory CD8* T
cells (CD8*CD45RA-CD28") at the end of follow-up. During HCV
infection, viral antigens promote immune activation and the ex-
pansion of memory CD8* T cells, but HCV eradication promotes
a decrease in memory CD8* T cells.’ Thus, the decrease in early
memory CD8* T cells may indicate a decreased immune activation
at 24 weeks after SVR.

Replicative senescence

Immunosenescence is promoted by persistent inflammation and
systemic immune activation. When telomerase reverse transcrip-
tase activity is decreased or missing, telomere length gradually de-
creases, and when it is reduced to a critical size, cells undergo
senescence and/or apoptosis.*> HIV infection, HCV coinfection, and
some antiretroviral drugs are related to shortened telomere length
(replicative senescence) in HIV-infected patients.*> Senescent cells
are stably viable, remain metabolically active, and most belong
to the so-called secretory phenotype (secretory-associated senes-
cence phenotype, or SASP). These cells secrete molecules that can
be dangerous, such as proinflammatory cytokines and chemokines,
grow factors, proteases, nitric oxide and reactive oxygen species.
This immunosenescence involves immune deregulation that pro-
motes persistent inflammation and systemic immune activation,
becoming a vicious cycle.*> In our study, the HIV/HCV-b group had
shorter telomeres than the HIV-group, but these differences disap-
peared by the end of follow-up (HIV/HCV-f group vs. HIV-group),
indicating that it does not get worse.

Strengths and limitations of the study

Due to several aspects, our study is more scientifically ro-
bust than most of the previous works: (i) the sample size and
number of biomarkers evaluated were large; (ii) the changes in
plasma biomarkers were evaluated at 24 weeks after SVR; (iii) we
used more suitable statistical analyses for a patient study, such
as multivariate analyses adjusted for epidemiological and clinical
covariates.

Our study also has some limitations: (i) Despite including al-
most 100 patients with repeated measures, the sample size of our
study might not be enough to detect differences between groups
in some of biomarkers studied. (ii) HIV/HCV-coinfected patients
met the inclusion criteria to initiate HCV treatment (see the pa-
tient section), which may have introduced a selection bias. (iii)
The matching of the control group to compare with the HIV/HCV-
coinfected patients is not perfect. On the one hand, we used a con-
trol group of HIV-monoinfected patients (HIV-control group) with-
out chronic hepatitis viral infection and stable peripheral blood
biomarkers, but around 45% of the HCV/HIV coinfection group had
CD4+ <500 cells/mm?3, compared to 0% in the HIV-control group.
The differences in the characteristics of HIV/HCV-coinfected pa-
tients made it impossible to form an HIV-control group with sim-
ilar characteristics. Instead, we decided to form a control group
to assess which markers were approaching normal after eliminat-
ing HCV infection. On the other hand, we did not have control
group of HCV-monoinfected patients with a distribution of liver
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disease stage similar to the HIV/HCV-coinfected patients, partic-
ularly in cirrhosis (F4). However, it is important to take into ac-
count that when we stratified our HIV/HCV-coinfected patients
by CD4 (500 cells/mm?3), cirrhosis (F4), and ALT (40 IU/mL), we
found almost similar trends with respect to the HIV-control group.
iv) HCV treatment was based on IFN-containing therapies, which
cause deleterious effects on immune system markers despite HCV
eradication per se, even though we took the last sample at 24
weeks after SVR. This may be an important factor for the differ-
ences with previous studies, particularly in studies based on IFN-
free therapy. It is also important to note that 45% of the subjects
had previously passed another cycle of IFN-based therapy, which
could have an impact on patients’ immune parameters. However,
these patients were not discarded because IFN-containing thera-
pies in non-responders do not appear to protect against CHC pro-
gression in the long term.5°

Conclusions

In conclusion, HIV/HCV-coinfected patients showed a slight im-
provement in the overall profile of peripheral immune biomarkers
compared to HIV-monoinfected patients after achieving SVR with
peg-IFN-« /ribavirin. Nevertheless, HIV/HCV patients who achieved
SVR showed an improvement in some biomarkers compared to
baseline samples, although most biomarkers were far from nor-
malized. More long-term studies are needed to evaluate whether
these biomarkers tend to be like those of HIV-monoinfected pa-
tients who never had chronic hepatitis C.
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Appendix

The GESIDA 3603b Cohort Study Group

Hospital General Universitario Gregorio Maraiion, Madrid: A
Carrero, P Miralles, JC Lépez, F Parras, B Padilla, T Aldamiz-
Echevarria, F Tejerina, C Diez, L Pérez-Latorre, C Fanciulli, I Gutiér-
rez, M Ramirez, S Carretero, JM Belldon, ] Bermejo, and ] Berenguer.

Hospital Universitario La Paz, Madrid: V Hontafion, JR Arribas,
ML Montes, I Bernardino, JF Pascual, F Zamora, JM Pefia, F Arnalich,
M Diaz, ] Gonzalez-Garcia.

Hospital de la Santa Creu i Sant Pau, Barcelona: P Domingo,
JM Guardiola.

Hospital Universitari Vall d’Hebron, Barcelona: E Van den
Eynde, M Pérez, E Ribera, M Crespo.

Hospital Universitario Ramon y Cajal, Madrid: JL Casado, F
Dronda, A Moreno, M] Pérez-Elias, MA Sanfrutos, S Moreno, C
Quereda.

Hospital Universitario Principe de Asturias, Alcald de Henares:
A Arranz, E Casas, | de Miguel, S Schroeder, J Sanz.

Hospital Universitario de La Princesa, Madrid: | Sanz, I Santos.

Hospital Donostia, San Sebastidn: M] Bustinduy, JA Iribarren, F
Rodriguez-Arrondo, MA Von-Wichmann.

Hospital Clinico San Carlos, Madrid: ] Vergas, M] Téllez.

Hospital Universitario San Cecilio, Granada: D. Vinuesa, L.
Mufioz, and J. Hernandez-Quero.

Hospital Clinico Universitario, Valencia: A Ferrer, M] Galindo.

Hospital General Universitario, Valencia: L Ortiz, E Ortega.
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Hospital Universitari La Fe, Valencia: M Montero, M Blanes, S

Cuellar, ] Lacruz, M Salavert, ] Lopez-Aldeguer.

Hospital Universitario de Getafe, Getafe: G Pérez, G Gaspar.
Fundacion SEIMC-GESIDA, Madrid: M Yllescas, P Crespo, E Az-

nar, H Esteban
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