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Abstract

Background.—Despite treatment with combination antiretroviral therapy (CART), persons living
with HIV (PLWH) are at higher risk of cardiac structural abnormalities that may presage clinical
heart failure, including myocardial fibrosis. This study assessed whether circulating cellular and
soluble protein markers of immune activation cross-sectionally associate with myocardial fibrosis
among cART-treated PLWH in South Africa.

Methods.—Participants were enrolled in Khayelitsha township near Cape Town, SA. Cardiac
magnetic resonance imaging was performed. Plasma protein biomarkers were measured using
enzyme-linked immunoassays and monocyte phenotypes were evaluated using flow cytometry.
Associations were assessed using multivariable linear and logistic regression.

Results.—Among 69 cART-treated PLWH, mean (SD) age was 48 (10) years, 71% were female,
and time since HIV diagnosis was 9 (6) years. Evidence of left ventricular fibrosis by late
gadolinium enhancement was present in 74% of participants and mean (SD) extracellular volume
fraction (ECV) was 30.9 (5.9)%. Degree of myocardial fibrosis/inflammation measured by ECV
was positively associated with percentages of circulating non-classical and intermediate monocyte
phenotypes reflecting inflammation and tissue injury.

Conclusion.—These data generate hypotheses on possible immune mechanisms of HIV-
associated non-ischemic myocardial disease, specifically among cART-treated PLWH in sub-
Saharan Africa, where the majority of the HIV burden exists globally.

Keywords

myocardial fibrosis; extracellular volume fraction; monocyte activation; monocyte phenotype;
HIV infection

INTRODUCTION

Global efforts to improve access to combination antiretroviral therapy (CART) among
persons living with HIV (PLWH) have resulted in a shift in morbidity and mortality

from AIDS-defining conditions to aging-related non-communicable diseases, such as
cardiovascular disease (CVD).! Evidence suggests that PLWH receiving cART are at higher
risk of myocardial disease compared to persons without HIV (PWOH), including heart
failure (HF)? and subclinical myocardial fibrosis.3# Contemporary data are needed to
understand the pathogenesis of HIVV-associated myocardial disease, particularly in regions
where HIV prevalence is high and access to cART is growing, such as South Africa (SA).

Immune activation is a hallmark of both chronic HIV infection? and the pathophysiology of
fibrosis,® in which activated monocytes play a pivotal role. Specifically, there is evidence
supporting the importance of circulating monocyte mobilization during cardiac remodeling
and the deleterious effects of pro-inflammatory macrophages on cardiac function. However,
our understanding of this pathobiology is limited, particularly among PLWH, where
underlying mechanisms may differ compared to PWOH.

Using cardiovascular magnetic resonance (CMR) imaging among residents of a peri-urban
township of Cape Town, SA, we previously reported high prevalence of myocardial fibrosis/
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inflammation among cART-treated PLWH (measured by extracellular volume fraction
[ECV]), and a greater degree of fibrosis/inflammation when compared to PWOH.3 In this
report, we evaluated cross-sectional associations between ECV and levels of both circulating
monocyte subsets and protein biomarkers of immune activation among the same cohort of
PLWH.

2. MATERIALS AND METHODS
2.1 Study Population

Participants were enrolled at Site B health clinic in Khayelitsha—a low-income, densely
populated peri-urban residential area on the outskirts of Cape Town, SA with high HIV
prevalence. All participants were PLWH receiving routine care with most recent HIV viral
loads of <200 RNA copies/mL, no known CVD (e.g., HF, structural heart disease, coronary
heart disease, or prior peri/myocarditis), no active treatment for tuberculosis or bacterial
infection, and no diagnosis of AIDS-defining illness <1 year preceding enrollment. The
currently presented study was conducted among a randomly selected subsample of PLWH
from the parent study.3 This study was approved by the University of Cape Town Human
Research Ethics Committee. Informed consent was obtained from participants in English
and/or Xhosa.

2.2 Clinical Data

Clinical data were collected at the time of enrollment. Confirmed data—e.g., medical
diagnoses, historic laboratory monitoring, and prescribed medications—were obtained from
medical records, and self-reported data—e.g., substance use—were ascertained by interview.
A blood draw was performed on the day of enrollment and clinical laboratory measures
were ascertained using standard assay procedures at the National Health Laboratory Service,
Groote Schuur Hospital in Cape Town, SA.

2.3 Cardiac Magnetic Resonance Imaging

Participants underwent a standardized CMR protocol using a 3T large bore Skyra system
(Siemens Healthcare) at the University of Cape Town, described previously.3 Briefly, T1
mapping was performed using the shortened Modified Look-Locker Inversion Recovery
sequence; T2 mapping using SSFP imaging; T2-weighted imaging using the black-blood
short-Tau inversion recovery sequence; and late-gadolinium enhancement (LGE) using
standardized methods. Global ECV fraction was calculated as [partition coefficient] x

[1 — hematocrit] and did not exclude LGE, as is standard practice. CMR images were
analyzed by three independent reviewers, each of whom were blinded to participant clinical
characteristics.

2.4 Protein Biomarkers and Cell Phenotyping

Plasma and peripheral blood mononuclear cells (PBMCs) were processed from blood
samples on the day of collection and stored at —80°C and in liquid nitrogen, respectively.
Circulating levels of interleukin-6 (IL-6, R&D Systems), tumor necrosis factor receptor-1
(TNFR1, R&D Systems), sCD14 (Hycult), and sCD163 (R&D Systems) were measured in
plasma by enzyme-linked immunosorbent assays. PBMCs were stained with Zombie NIR
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viability dye followed by CD3-FITC, HLA-DR-BV605, CD56-PE, CD14-PE/Cy7, CD16-
PerCP/Cyanine 5.5, CD163-BV421, CCR5-BV711, and CCR2-PE/Dazzle 594 antibodies
(all Biolegend). A Fortessa flow cytometer and FACS Diva software were used to capture
500,000 events within 24 hours of staining, then analyzed and output as percentages of
HLA-DR+ myeloid cells using FlowJo (version 9.9.6).

2.5 Statistical Methods

Complete case analyses were performed to estimate the cross-sectional association between
cardiac tissue characteristics measured via CMR imaging and circulating levels of protein
biomarkers and monocyte cell phenotypes. Inference was made using linear and logistic
regression models for continuous and dichotomous response characteristics, respectively,
adjusting for age, sex at birth, body mass index (BMI), smoking, and hypertension. Further
adjustment for and effect measure modification (multiplicative interaction) by prior active
tuberculosis infection was evaluated. Unadjusted associations between biomarkers and HIV-
related characteristics, such as CD4+ cell count, were also assessed. All analyses were
conducted using R version 4.0.

3. RESULTS

Participant characteristics are presented in Table 1. Among 69 PLWH, mean (standard
deviation [SD]) age was 48 (10) years; 71% were female; 30% were current smokers;

33% were hypertensive; 9% had hepatitis B; and 57% had prior active tuberculosis by
history. Mean (SD) time since HIV diagnosis was 9 (6) years; current and nadir CD4+
count was 583 (261) and 266 (207) cells/uL, respectively; 45% had a prior AIDS diagnosis;
and 36% were virally suppressed for =4 years. All participants were taking a nucleoside
reverse transcriptase inhibitor combination, specifically tenofovir disoproxil fumarate and
emtricitabine, and 86% were taking a non-nucleoside reverse transcriptase inhibitor, 93% of
whom were prescribed efavirenz. Seventy-four percent of participants had evidence of left
ventricular scarring or fibrosis, 27% of whom exhibited a diffuse or patchy pattern (19% of
total participants). Mean (SD) ECV was 30.9 (5.9)% and native T1 time was 1248 (41) ms.

Given we have previously shown ECV fraction differs by HIV status in this population,3
Figure 1 displays the adjusted mean difference in ECV fraction per SD increment

in markers of inflammation and immune activation. The strongest associations were
observed for the following monocyte subsets: CD16* (2.21 ECV unit difference per SD
increment in cellular phenotype percentage [95% confidence interval: 0.98-3.43]; p=0.001);
CD14**CD16™" (2.09 [0.86-3.33]; p=0.001); CD14"*CD16"CCR2* (2.50 [1.23-3.77];
0<0.001); CD14**CD16*CD163" (1.35 [-0.01-2.71]; p=0.05); and CD14*CD16"*CCR5*
(1.56 [0.19-2.93]; p=0.03). Associations between other measures of inflammation—e.g.,
plasma proteins—and other myocardial tissue characteristics—e.g., LGE, T1, and T2 times
—were either small and/or imprecise. Further adjustment for prior active tuberculosis did
not substantially alter parameter estimates or overall inference, and there was no evidence
of effect measure modification by multiplicative interaction (all #>0.20). Some monocyte
subsets associated with ECV were also inversely associated with current CD4+ count—
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specifically CD14**CD16* (p=0.01), CD14**CD16*CD163* (p=0.03), and CD14*CD16**
(p=0.02).

4. DISCUSSION

Among asymptomatic cART-treated PLWH receiving routine care in a peri-urban
township near Cape Town, SA, we observed positive associations between the degree

of myocardial fibrosis—estimated by ECV fraction—and percentages of circulating
monocyte subsets reflecting inflammation and tissue injury—specifically percentages

of total CD14*/4iMCD16** monocytes, total CD14*CD16**, CD14*CD16%*CCR2*,
CD14*CD16**CD163*, and CD149MCD16%*CCR5". Levels of three of these monocyte
subsets were also inversely associated with CD4+ count. However, associations with ECV
or other myocardial tissue characteristics were not apparent with soluble plasma proteins
reflecting systemic inflammation.

An expansion of activated CD16+ monocyte subpopulations has been described with HIV
infection, including with cART treatment and among long-term non-progressors.6=9 This is
in part due to expression of CCR5, an important HIV entry co-receptor.19 These monocytes
perpetuate inflammation among cART-treated PLWH via cytokine production and immune
regulation, 1112 as well as likely serving as a latent HIV reservoir, contributing to residual
levels of viral replication with cART.13

A recent study among women living with HIV in the United States suggested expression
levels of CCR2 (a chemokine receptor that mediates chemotaxis during inflammation) and
CD163 (a marker of monocyte/macrophage activation and tissue response to inflammation)
on CD16+ monocyte subsets were associated with HIV seropositivity.14 In the same study,
CCR2 expression on CD14**CD16™ monocytes was associated with ECV among women
with HIV.14

Studies among the general population have linked these monocyte expression patterns to
cardiovascular pathologies, as well, including increased expression of CD16, CD163, CCR2,
and CCR5.15-18 This overlap between HIV seropositivity and CVD in both (i) expansion of
CD16+ monocytes and (ii) upregulation of CD163, CCR2, and CCR5 is consistent with our
observations in this report and the hypothesis that these monocyte subsets are an important
factor in the pathogenesis of HIV-associated myocardial fibrosis.

There are limitations to this study. First, analyses are cross-sectional, so these relationships
have temporal ambiguity. Second, sample size is small, limiting power to detect moderate
effect sizes. Third, interquartile ranges of some proteins and cell phenotype levels are
relatively narrow, limiting prediction power and possibly threatening analysis validity. This
study was also exploratory and involved modeling multiple associations, including those
of highly correlated biomarkers, leading to inflation of type I error. Lastly, we are unable
to evaluate the heterogeneity of monocyte subsets we’ve described, which recent work has
highlighted and should be appreciated.1®
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5. CONCLUSION

In summary, among asymptomatic cCART-treated PLWH receiving routine care in SA,

we observed positive associations between ECV and percentages of circulating monocyte
subsets reflecting tissue inflammation and injury, some of which were also inversely
associated with CD4+ count. These data generate hypotheses on possible mechanisms of
HIV-associated non-ischemic myocardial disease, specifically among PLWH in sub-Saharan
Africa, where the majority of HIV burden exists globally.
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HIGHLIGHTS

. Higher myocardial ECV is associated with higher percentages of circulating
monocyte subsets reflecting tissue inflammation and injury among cART-
treated persons living with HIV in South Africa.

. Lower current CD4+ count was also associated with higher percentages of

some of these circulating activated monocyte subsets among this population.

. Levels of plasma proteins reflecting systemic inflammation were not
associated with ECV among this population.
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Circulating Monocyte Subsets
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Figure 1.
Cross-sectional associations between ECV fraction and cellular and soluble markers of

immune activation among cART-treated PLWH in South Africa (/7=69)

Estimated using linear regression, adjusted for age, sex at birth, body mass index, smoking,
and hypertension. ECV=extracellular volume; cCART=combination antiretroviral therapy;
PLWH=persons living with HIV; SD=standard deviation HLA-DR=human leukocyte
antigen-DR isotype; IL6=interleukin-6; TNFRI=tumor necrosis factor receptor I.
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Table 1.

Participant demographic and clinical characteristics (7=69)

Mean (SD) or % (n)

Demographics
Age, years 48 (10)
Female sex at birth 71% (49)
Black African race 100% (69)
Clinical Characteristics
Current smoker 30% (21)
Body mass index, kg/m? 26.5 (6.7)
Systolic blood pressure, mmHg 132 (18)
Diastolic blood pressure, mmHg 79 (12)
Total cholesterol, mg/dL 175 (30)
High-density lipoprotein cholesterol, mg/dL 63 (23)
Low-density lipoprotein cholesterol, mg/dL 86 (29)
Hypertension diagnosis 33% (23)
Diabetes diagnosis 6% (4)
Prior active tuberculosis infection 57% (39)
HIV-Related Characteristics
CD4+ count, cells/pL 583 (261)
CD4+ nadir count, cells/uL 266 (207)
HIV viral load <200 copies/mL 97% (67)
HIV diagnosis duration, years 9.3(6.1)
Antiretroviral regimen contains --

Nucleoside reverse transcriptase inhibitor 96% (66)

Non-nucleoside reverse transcriptase inhibitor 86% (59)

Protease inhibitor 9% (6)
HIV suppression duration >4 years 36% (25)
Prior AIDS 45% (31)
Myocardial Tissue Characteristics
LGE presence 74% (49)
LGE presence, diffuse or patchy 19% (13)
ECV fraction, % 30.9 (5.9)
Native T1 time, ms 1248 (41)
T1, weighted signal intensity ratio 0.90 (0.11)
Native T2 time, ms 39.1(2.4)
T2W, signal intensity ratio 1.48 (0.21)
Pericardial effusion 20% (14)
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Mean (SD) or % (n)

Circulating Protein Biomarkers

IL-6, pg/mL 2.50 (2.01)
TNFRI, pg/mL 420 (138)
sCD14, ng/mL 6637 (7736)
sCD163, ng/mL 798 (273)
Circulating Monocyte Subsets
CD14** CD16~ (Classical), % 25.4 (15.4)
CD16" (Intermediate or Non-Classical), % 2.74 (2.60)
CD14** CD16* (Intermediate), % 1.89 (2.35)
CD14** CD16*CD163" 0.42 (0.51)
CD14** CD16*CCRZ2* 0.59 (0.65)
CD14** CD16*CCR5" 0.32 (0.45)
CD14* CD16** (Non-Classical), % 0.85 (0.90)
CD14* CD16**CD163" 0.06 (0.05)
CD14* CD16**CCRZ2* 0.09 (0.13)
CD14* CD16** CCR5* 0.14 (0.13)

Page 11

Monocyte subsets are expressed as percentages of myeloid (HLADR) cells. Total HLADR*CD14*/diMcp16™+ combines both intermediate

(cD14*CD16™ ) and non-classical (CD149IMCD16™+) monocyte subsets.

SD=standard deviation; L GE=late gadolinium enhancement, IL6=interleukin-6; TNFRI=tumor necrosis factor receptor I; sSCD14=soluble cluster of

differentiation; HLADR=human leukocyte antigen-DR isotype; CD=cluster of differentiation.
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