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Abstract

The prevalence of cardiovascular death in the HIV-infected population is higher than in
uninfected individuals. Growing evidence suggests that HIV infection itself is directly linked
to endothelial activation and dysfunction. Therefore, the aim of this study was to investigate
whether endothelial activation is present in African subjects with HIV infection and identify
its possible determinants. Eighty HIV-infected treatment-naive cases, categorized into two
groups based on CD4 count (38 subjects with CD4 count <350 cells/mm? and 42 subjects
with CD4 count >350 cells/mm?), were compared with 60 HIV-uninfected controls. A small
subgroup of the HIV-infected participants (n = 13) were followed up for 18 months following
initiation of antiretroviral therapy (ART). Anthropometric data, fasting lipid and glucose
levels, viral load, and CD4 counts were measured as were serum levels of intercellular
adhesion molecule-1 (ICAM-1), endothelial leukocyte adhesion molecule-1, vascular cell
adhesion molecule-1 (VCAM-1), monocyte chemoattractant protein-1, von Willebrand factor
(vWF), tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and interleukin-8 (IL-8).
The HIV-infected low CD4 group had higher levels of ICAM-1 (p <.05), VCAM-1

(p <.0005), TNF-a (p <.005), and vWF (p <.005), compared with the controls. In the HIV-
infected cohort, VCAM-1 levels were negatively associated with CD4 counts (f =-0.474;

p <.0005), whereas vWF levels were positively associated with viral load (B = 0.344;

p <.01). Levels of ICAM-1 and VCAM-1 were reduced by ART (p <.05 vs. baseline for
both), however, levels of IL-6, IL-8, and TNF-a increased (p <.005 vs. baseline for all).
Endothelial activation and inflammation are evident in African ART-naive HIV-infected
patients; the former is attenuated, and the latter is increased after 18 months of ART. In HIV-
infected subjects, both immunological dysregulation and viral load are associated with
biomarkers of endothelial activation.
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Introduction

The rate of new HIV infections is highest in developing countries with sub-Saharan Africa
accounting for up to 70% of the total number of reported cases.! The high prevalence of HIV
infection in this region has led to the large-scale rollout of antiretroviral therapy (ART),
especially in South Africa.2 The development and improvement of ART has resulted in a
dramatic increase in the lifespan of HIV patients.2 However, there are growing concerns in
the public health sector regarding the adverse cardiometabolic effects of both HIV infection
and long-term ART in an aging population.*>

Systemic inflammation enhances atherosclerosis, and biomarkers indicative of both of these
processes are found at higher levels in HIV-infected individuals.® Reports from developed
countries show the prevalence of cardiovascular disease (CVD) to be higher in the HIV-
infected population than in uninfected subjects.”= Little is known about the prevalence of
CVD in the sub-Saharan HIV-infected population. Although an increased prevalence of
traditional risk factors, such as dyslipidemia, smoking, hypertension, hypercholesterolemia,
and diabetes, among HIV-infected patients likely contributes to this increased cardiovascular
morbidity, growing evidence suggests that HIV infection increases the likelihood of
cardiovascular events independently of these risk factors.!%!1

One of the possible mechanisms by which HIV may increase CVD risk is through effects on
the endothelium. Endothelial dysfunction is regarded as the earliest clinically detectable stage
of CVD, and can be assessed by measuring factors either produced by or acting on the
endothelium.!213 It is characterized by activation of the endothelial cells, induced by reactive
oxygen species, and augmented by exposure to CVD risk factors, including inflammation.!#
This leads to the upregulation of endothelial adhesion molecules, such as vascular cell
adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), and
endothelial leukocyte adhesion molecule-1 (E-selectin), which promote adherence of
leukocytes to the endothelium and the progression of atherosclerotic plaque formation.2

Increased adhesion of leukocytes to the aortic endothelium in subjects with HIV infection has
been observed in conjunction with increased expression of VCAM-1 and E-selectin.®
Monocyte chemoattractant protein-1 (MCP-1), also known as CC chemokine ligand 2, is a
small proinflammatory chemokine, which recruits monocytes into a compromised
endothelium.!” It is therefore a valuable surrogate marker for foam cell formation and
recruitment. The von Willebrand factor (vWF) is a glycoprotein synthesized by the

endothelial cells, which plays a role in hemostasis.®

Systemic inflammation results in the activation of immune cells, such as macrophages,?
which in turn express cytokines such as interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor
necrosis factor alpha (TNF-a).2%2! The C-reactive protein (CRP), synthesized in response to
acute inflammation, downregulates endothelial nitric oxide synthase messenger RNA
expression,?2 and upregulates expression of ICAM-1, VCAM-1, and MCP-1,232¢ stimulating
phagocytosis.2>2¢ Expression of CRP is induced by the inflammatory cytokine IL-6.27 IL-8
also plays a role in the formation of fatty deposits in the arteries, as does IL-6.22 TNF-a. is a
transmembrane cell-signaling protein, released by activated macrophages into the inflamed
tissue, which induces overexpression of the adhesion molecules, VCAM-1, ICAM-1, and E-
selectin 282



Serum markers of endothelial activation (ICAM-1, VCAM-1, E-Selectin, MCP-1, and vWF)
and serum markers of inflammation (CRP, TNF-q, IL-8, and IL-6), are known to be higher in
HIV-infected subjects.2%=4 Therefore, it is possible that the endothelial dysfunction observed
in HIV-infected subjects is not only a result of the effects of viral peptides but may also be
driven by the inflammatory milieu induced by infection.

Most studies investigating endothelial activation and dysfunction in HIV-infected subjects
have been conducted outside of the African continent, despite the very high prevalence of
infection in sub-Saharan Africa. Therefore, the main aim of this study was to compare serum
biomarkers of endothelial activation and systemic inflammation between African HIV-
infected, treatment-naive, and HIV-uninfected populations. Secondary aims were to
characterize the main determinants of endothelial activation and to assess the effect of ART
on both endothelial function and inflammation. These aims were achieved by measuring a
broad array of appropriate serum biomarkers in HIV-infected and control subjects, alongside
classical CVD risk factors.

The HIV-infected patients included two groups of subjects: those with a CD4 count <350 and
those with CD4 count >350 cells/mm?. These subgroups were used to determine if subjects
who were more immunocompromised were at increased risk of endothelial activation. A
small longitudinal substudy measured serum biomarkers of endothelial activation and
systemic inflammation after initiation of ART.

Materials and Methods
Patient population

The study consisted of Black South African urban adults between the ages of 30 and 50
years, with a median age of 37 years, attending selected clinics. Eighty HIV-infected, ART-
naive patients, including 38 subjects with CD4 count <350 cells/mm? (low CD4 group) and
42 subjects with CD4 count >350 cells/mm? (high CD4 group), were recruited from the
Nthabiseng and Zazi Clinics, Chris Hani Baragwanath Hospital. This cutoff was chosen
because at the time of recruitment of subjects into this study, only those with a CD4 count
below 350 cells/mm?® were eligible for ART in the South African ART program.®>-¢ A group
of 60 HIV-uninfected Black South African adults, 30—48 years of age with a median of 36
years, were recruited from the Zazi Clinic.

The HIV-uninfected group were screened for HIV at the Perinatal HIV Research Unit of the
Zazi Clinic using the Bioline HIV 1/2 3.0 Rapid Test Kit (Standard Diagnostics Inc.,
Gyeonggi-do, Republic of Korea),® and HIV status was confirmed using a PCR-based test
(see data and sample collection). The groups were matched for age and gender. Informed
consent was obtained from all participants. Following initiation of ART, the HIV-infected
participants were followed up for 18 months. Serum markers of inflammation and endothelial
activation were measured in these subjects at baseline, that is, pre-ART, and at 18 months
after initiation of ART.

Ethics

Ethical clearance for patient recruitment and blood sampling was granted by the Human
Research Ethics Committee of the University of the Witwatersrand under the ethical
clearance number M 10408 and M150979.



Exclusion criteria

The exclusion criteria for this study were designed to eliminate subjects who may have
received drugs that may influence their glucose, lipid, or blood pressure levels.

Subjects with clinical conditions known to influence endothelial function were also excluded,
including a history of diabetes mellitus, CVD; current AIDS-defining illness or opportunistic
infection or neoplasm; acute illness in the last 3 months; active drug abuse; patient drug
history, for example, statin or antihypertensive therapy; alcohol abuse as defined by the
National Institute on Alcohol Abuse and Alcoholism as either a woman who has more than
seven drinks per week or more than three drinks per occasion, or a man who has more than
14 drinks per week or more than four drinks per occasion [one drink is defined as one bottle
of beer (340 mL) or 150 mL glass of wine or 40 mL of distilled spirits]*/; and smoking
defined as >10 cigarettes/day in the past year. Pregnant females were also excluded from the
study.

Data and sample collection

Blood was collected from all participants into ethylenediaminetetraacetic acid (EDTA)
plasma and serum tubes. Blood pressure measurements and anthropometric data, such as
height, weight, body mass index (BMI), and waist and hip circumference, were measured at
the time of recruitment as described previously.3?

A fasting morning blood sample was collected from all participants and glucose, total
cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and triglycerides quantified using the Siemens ADVIA 1800 Chemistry
Immunoassay System following standard protocols within the NHLS Chemical Pathology
Laboratory of the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH). Viral loads
were measured from EDTA plasma samples using the Cobas® HIV-1 quantitative nucleic
acid test on the Cobas automated 6800 system, whereas CD4 count was measured from
EDTA plasma samples by flow cytometry, following standard protocols.?

Other relevant data were obtained from patient files and by direct questioning, using a
structured questionnaire, in relation to personal history of coronary artery disease, diabetes
mellitus, hypertension, cerebrovascular events, recent infections or diagnosed malignancies,
drug history, alcohol intake, smoking, and recreational drug use.

Measurement of biomarkers of endothelial activation

Serum levels of ICAM-1, VCAM-1, E-Selectin, MCP-1, TNF-a, IL-6, and IL-8 were
measured using a customized Human Magnetic Luminex Screening Assay Kit (R&D
Systems, Minneapolis, MN) on the Bio-Plex® Multiplex System (Bio-Rad, Hercules, CA)
with Luminex xMAP technology, according to the manufacturer's instructions. The vWF was
measured by enzyme-linked immunosorbent assay (ELISA) using a human vWF ELISA Kit
(Merck, Darmstadt, Germany) as described by the manufacturer.



Statistical analysis

Statistical analysis was performed using the Statistica software v13.3 (Statsoft Inc., Tulsa,
OK). Data that were not normally distributed were either log-transformed or the square root
was used to normalize their distribution.

Data were compared across the three groups (HIV-uninfected, HIV-infected high CD4, and
HIV-infected low CD4) using one-way analysis of variance and a Tukey's post hoc test. This
was followed by multivariable linear regression analyses in which endothelial activation
markers that were found to differ between the three groups were included as dependent
variables, the two CD4 groups included as independent variables, with the HIV-uninfected
subjects acting as the reference group. Other variables that differed across the three groups
were then added to the models to determine whether they attenuated the relationship of the
endothelial activation markers with HIV status.

Data were compared between baseline and follow-up time points using a Student's paired t
test. Multivariable linear regression analysis was used to find the main determinants of serum
biomarkers of endothelial activation (dependent variables) in HIV-infected subjects,
particularly noting the input of markers of inflammation, CD4 counts, and viral load.

The models were developed by performing univariate analyses of all appropriate study
variables (gender, age, waist, hip, BMI, systolic and diastolic blood pressure, glucose, total
cholesterol, LDL-C, HDL-C, triglycerides, TNF-a, IL-6, IL-8, CD4 count, and viral load)
against each of the five biomarkers of endothelial activation. Those variables that correlated
at p <.20 were then included in a multivariable regression model in which backward,
stepwise removal of nonsignificant variables was performed until all remaining variables
were significant at p <.05.

The sample size for this study was determined by infrastructural constraints and data from the
literature. At the time of this study, no data were available from South Africa on serum levels
of biomarkers of endothelial activation in HIV-infected subjects. Hence, an investigation
conducted in Italy by Francisci et al.*® was used to estimate the appropriate sample size. This
study reported a significant difference in baseline levels of vWF, VCAM-1, and MCP-1
between HIV-uninfected and HIV-infected subjects using 28 subjects per group. We,
therefore, ensured that the sample size for each of our study groups within the cross-sectional
analysis was >28, however, we were not able to attain this sample size in the longitudinal
analysis, as described later.

Results

Comparison of demographic, anthropometric, and cardiometabolic variables between
study groups

No significant differences were observed between the three groups for age, anthropometry,
blood pressure, glucose, or triglyceride levels (Table 1). However, there were significantly
fewer male participants in the HIV-infected high CD4 group compared with the HIV-
uninfected group. No difference in total cholesterol was seen between the HIV-uninfected
and high CD4 group, however, levels of total cholesterol were significantly lower in the low
CD4 group compared with the HIV-uninfected and high CD4 group. Serum levels of LDL-C
were significantly higher in the high CD4 group compared with both the HIV-uninfected

5



group and the low CD4 group. In addition, levels of HDL-C were lower in both the low and
high CD4 group compared with the HIV-uninfected group.

Table 1. Demographic, Anthropometric, Cardiometabolic, and Immunological Characteristics of Study

Groups

HIV-uninfected HIV-infected, ART-naive HIV-infected, ART-naive
Variables (n=60) CD4 > 350 cells/mm? (n=42) CD4 <350 cells/mm? (n =38)
Age (years) 36.48 £4.80 36.19+6.59 38.89+6.07
Gender, male, n
(%) 25 (41.67) 5(11.90) 10 (26.32)
BMI (kg/m?) 26.02+5.27 27.52+8.31 25.71+£5.31
Waist
circumference
(cm) 88.20+£12.20 87.50+12.34 85.63+10.47
Diastolic BP
(mmHg) 80.37+11.25 78.38+12.17 81.92+16.47
Systolic BP
(mmHg) 130.22+16.88 130.10+17.84 137.82+23.88
Glucose (mmol/L) 4.62+0.54 4.67+1.94 4.44+0.40
Triglyceride
(mmol/L) 0.74 [0.42-0.99] 0.87[0.61-1.07] 0.64 [0.50-0.86]
Total cholesterol
(mmol/L) 3.84+0.85 3.99+0.83 3.21+0.76%*
LDL-C (mmol/L) 1.58+0.65 2.42+0.58= 1.88 £0.63%
HDL-C (mmol/L) 1.64 [1.31-2.38] 1.11 [0.84-1.35]> 0.97 [0.84—1.20]
CD4+ cell count
(cells/mm?) — 691.55+232.08 224.18 £92.54%
Viral load
(copies/mL) — 37,109.72 +71,099.85 81,741.74 £ 90,049.05%

Data given either as mean + standard deviation or median [lower quartile, upper quartile]; n indicates the
number of participants.

*p <.005, **p <.0005 compared with HIV-uninfected; p <.005, #p < .0005 compared with HIV-infected, ART-
naive CD4 > 350 cells/mm?® group.

ART, antiretroviral therapy; BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol.

Comparison of markers of endothelial activation and inflammation between study
groups

No significant difference was observed across the three groups with regard to plasma levels
of IL-8, E-selectin, and MCP-1 (Table 2). In addition, plasma levels of TNF-a, IL-6, ICAM-
1, and VCAM-1 did not differ significantly between the HIV-infected high CD4 and HIV-
uninfected groups. However, plasma levels of TNF-a, ICAM-1, and VCAM-1 were higher in
the HIV-infected low CD4 group compared with the HIV-uninfected group, with levels of
vWF being higher in both the low and high CD4 group compared with the HIV-uninfected
group. Comparing the HIV-infected, low and high CD4 groups, significant differences
between these two groups were observed for plasma levels of TNF-a, IL-6, and VCAM-1,
which were significantly higher in the low compared with the high CD4 group.



Table 2. Comparison of Endothelial Dysfunction and Inflammation Between Study Groups

HIV uninfected HIV-infected, ART-naive HIV-infected, ART-naive
Variables (n=60) CD4 > 350 cells/mm? (n=42) CD4 <350 cells/mm? (n = 38)
TNF-a
(pg/mL) 4.6 [3.1-7.4] 5.4[3.6-7.2] 8.2 [6.2-10.4]=
IL-6 (pg/mL) 3.4[2.0-4.6] 2.2[1.0-3.4] 4.6 [3.8-5.3]*
IL-8 (pg/mL) 7.6 [4.3-20.9] 7.9 [3.1-15.5] 6.3[4.7-9.3]
ICAM-1 335.6 [158.5—
(ng/mL) 575.4] 462.1 [331.9-919.3] 839.4 [419.7-1,042.5]
VCAM-1 464.3 [266.5—
(ng/mL) 609.6] 526.1 [434.9-657.9] 1,163.1 [701.5-1,606.4)>#
E-selectin
(ng/mL) 30.0 [20.944.1] 27.9[19.9-33.9] 30.3 [22.7-40.0]
vWF (ug/mL)  14.1[9.2-20.7] 22.2[15.8-36.51= 21.3[13.4-43.9]~
MCP-1 120.8 [99.3—
(pg/mL) 171.5] 131.2102.3-178.6] 139.3 [115.0-208.1]

Data given as median [lower quartile, upper quartile]; n indicates the number of participants.
*p<.05, "p<.005, **p <.0005 versus HIV-uninfected; *p < .05, #p < .0005 versus CD4 > 350.

E-selectin, endothelial leukocyte adhesion molecule-1; ICAM-1, intercellular adhesion molecule-1; IL-6,
interleukin-6; IL-8, interleukin-8; MCP-1, Monocyte chemoattractant protein-1; TNF-a, tumor necrosis factor
alpha; VCAM-1, vascular cell adhesion molecule-1; vWF, von Willebrand factor.

Table 3. Comparison of Endothelial Dysfunction Between HIV-Infected and HIV-Uninfected Groups
Using Regression Analysis Without and With Adjustment for Possible Confounding Variables

Independent variables with standardized B-coefficient (p
value)?
Model number  Dependent variables Without adjustment With adjustment?
1 ICAM-1¢ CD4>350 0.123 (.206) CD4>350 0.110 (.374)
CD4 <350 0.229 (.019) CD4<350 0.223 (.059)
2 VCAM-1¢ CD4>350 0.012 (.890) CD4>350 0.006 (.955)
CD4 <350 0.429 (<.0005) CD4<350 0.376 (.0006)
3 vWF4 CD4>350 0.324 (.002) CD4>350 0.325 (.012)
CD4 <350 0.342 (.001) CD4<350 0.278 (.026)

2The B-coefficients and p values for the CD4 > 350 and the CD4 <350 groups are shown in reference to HIV-
uninfected subjects.

®Adjusted for gender, LDL-C, HDL-C, TNF-q, and IL-6.
°Square root.

dLogged values used.



Determinants of systemic inflammation and endothelial activation

It is possible that significant differences noted in ICAM-1, VCAM-1, and vWF between the
HIV-infected groups and the HI'V-uninfected group are due to confounding by other variables
that also differ across these groups, that is, gender, total cholesterol, LDL-C, HDL-C (Table
1), TNF-a, and IL-6 (Table 2). Therefore, multivariable regression models were set up for
each of these three markers of endothelial activation with the two CD4 groups as independent
variables and with the HIV-uninfected group as the reference. The models were run with and
without adjustment for gender, LDL-C, HDL-C, TNF-qa, and IL-6. Total cholesterol was not
included due to high collinearity with LDL-C. The models are shown in Table 3. In the
unadjusted models, the differences noted in Table 2 for the CD4 groups with the HIV-
uninfected group were repeated, as would be expected.

After adjustment for the possible confounding variables, there was some attenuation of the [3-
coefficients noted in the unadjusted models, but all p values remained significant, except for
the ICAM-1 levels in the CD4 < 350 cells/mm? group, which fell from p=.019 in the
unadjusted model to p=.059 in the adjusted model.

Table 4 shows the results of regression models for each of the serum biomarkers of
endothelial activation in the HIV-infected population (both CD4 groups combined). These
models were generated to isolate the main determinants of endothelial activation in this
population, and to observe the effects of inflammation, CD4 counts, and viral load.
Regression analyses show that the only significant determinant of VCAM-1 serum levels was
CD4 count (inverse relationship; Table 4, model 1), whereas male gender and diastolic blood
pressure were both positively associated with E-selectin levels (model 2). Viral load was a
strong positive determinant of vVWF levels (model 3), whereas age correlated positively with
MCP-1 (model 4). After backward regression analysis, no significant associations were
observed for I[CAM-1 serum levels.

Table 4. Multivariable Backward Stepwise Linear Regression Models for Serum Biomarkers of
Endothelial Dysfunction in HIV-Infected Subjects

Independent variable with Adjusted R? (p value) for full
Model number Dependent variable standardized B (p value) model
1 VCAM-12 CD4 counts —0.474 (<.0005) 0.214 (<.0005)
2 E-selectin Male® 0.367 (.002) 0.172 (.001)
Diastolic BP 0.247 (.036)
3 VWE Viral load 0.344 (.007) 0.103 (.007)
MCP-12 Age 0.357 (.002) 0.115 (<.002)

Models were built by performing univariate analyses of all appropriate study variables (gender, age, waist, hip,
BMI, systolic and diastolic blood pressure, glucose, total cholesterol, LDL-C, HDL-C, triglycerides, TNF-a, IL-
6, IL-8, CD4 count, and viral load) against each of the dependent variables, that is, E-selectin, [CAM-1, VCAM-
1, MCP-1, and vWF. Those variables that correlated at p <.20 were included in a multivariable regression
model in which backward, stepwise removal of nonsignificant variables was performed until all remaining
variables were significant at p <.05. These final models are shown in the table above.

2Square root.
*Logged values used.

¢Compared with females.



It was interesting to note from Table 4 that none of the markers of inflammation, that is,
TNF-a, IL-8, and IL-6, appeared as determinants of any of the biomarkers of endothelial
activation. In the initial univariate regression models that were performed to identify factors
that were associated with these biomarkers and for inclusion in the multivariable regression
models, IL-6 and TNF-a were found to be significantly associated with VCAM-1 (p=.010)
and MCP-1 (p =.042), respectively. However, when IL-6 was included in the multivariable
regression model for VCAM-1 and TNF-a in the model for MCP-1, the significant
associations observed in the univariate models became nonsignificant (p=.183 and p=.322,
respectively).

Changes in endothelial activation and inflammation following initiation of ART

Seventy-four subjects were initiated onto ART and followed up 18 months later, however, 61
were lost to follow-up leaving only 13 subjects for whom blood samples were available at 18
months. Of note, 8 out of the 13 subjects (61.5%) had a CD4+ cell count of <350 cells/mm?
at baseline. These subjects were receiving a first-line ART regimen of tenofovir—lamivudine—
efavirenz or a second-line regimen that included darunavir or lopinavir, both boosted with
ritonavir. Data obtained from these follow-up participants are reported in Table 5. No
difference was observed between baseline and follow-up measures with regard to BMI and
blood pressure.

Table 5. Characteristics of HIV-Infected Art-Naive Participants at Baseline and After 18 Months of

Treatment

HIV-infected, ART-naive at baseline HIV-infected after 18 months of ART
Variables (n=13) (n=13)
BMI (kg/m?) 257463 263+5.9
Waist circumference (cm) 82.6+10.2 87.7+11.6™
Diastolic BP (mmHg) 80.3+£16.8 81.7+12.3
Systolic BP (mmHg) 128.7+19.0 132.5+17.2
Glucose (mmol/L) 4.6+0.5 43+0.5"
Triglyceride (mmol/L) 0.7 [0.5-1.0] 0.7 [0.6-1.0]
Total cholesterol
(mmol/L) 32409 40+1.1°
LDL-C (mmol/L) 1.9+0.6 25409
HDL-C (mmol/L) 1.0 [0.8-1.0] 1.0 [0.8-1.0]
CD4+ cell count
(cells/mm?) 433.7+£291.6 495.5+157.8
TNF-o (pg/mL) 7.7 [5.9-9.0] 19.1 [13.9-22]"
IL-6 (pg/mL) 3.4 [2.7-5.0] 11.2 [7.7-12.01"
IL-8 (pg/mL) 7.9 [4.9-13.0] 34.7[20.1-43.01"
ICAM-1 (ng/mL) 425.2 [355.4-899.8] 149.8 [107.5-205.0]°
VCAM-1 (ng/mL) 676.4 [607.3—1,203.0] 270.7 [151.9-343.5]
E-selectin (ng/mL) 36.1[23.4-37.8] 23.7[22.2-28.2]
vWF (ug/mL) 24.4119.8-41.8] 23.420.9-29.5]
MCP-1 (pg/mL) 175.4 [133.6-225.0] 203.6 [153.8-506.0]

Data given either as mean + standard deviation or median [lower quartile, upper quartile]. n indicates the number
of participants.

*p <.05, “p <.005 versus baseline.



The waist circumference, total cholesterol, and LDL-C levels were significantly higher in the
follow-up group compared with baseline; however, glucose level was lower in the follow-up
group but still within the normal reference range (<5.6 mmol/L).

Comparing markers of endothelial activation and inflammation in the HIV-infected
individuals at baseline and following 18 months of treatment, serum levels of TNF-a, IL-6,
and IL-8 significantly increased in the 18-month follow-up group compared with baseline.
However, levels of ICAM-1 and VCAM-1 significantly decreased. No significant difference
in plasma levels of E-selectin, vVWF, and MCP-1 were observed after ART initiation. Due to
the low sample size (n=13), we performed post hoc sample size calculations to determine the
sample size required to show significant differences (at p <.05 and power of 80%) between
the baseline and follow-up time points for those serum endothelial biomarkers that showed no
significant differences, that is, E-selectin, MCP-1, and vWF. These calculations provided
sample sizes of 41, 28, and 1,284, respectively.

Discussion

In this study, HIV-infected participants with CD4 counts >350 cells/mm? had higher LDL
and total cholesterol levels than subjects with CD4 counts <350 cells/mm? and higher LDL
levels than HIV-uninfected subjects, whilst HDL levels were lower in the high CD4 group
compared with the HIV-negative subjects. Triglyceride levels were not significantly different
between the groups. Serum levels of the inflammatory markers, TNF-o and IL6, and
endothelial activation markers ICAM-1, VCAM-1, and vWF, were highest in HIV-infected
subjects with low CD4 counts. In HIV-infected subjects,high VCAM-1 and vWF serum
levels were not associated with markers of inflammation but with low CD4 counts and high
viral load, respectively.

Following 18 months of ART in a small subgroup of participants, serum levels of [CAM-1
and VCAM-1 were lower, whereas levels of TNF-q, IL-6, and IL-8 were higher than that
observed before treatment.

The serum levels of HDL were found to be lower in the HIV-infected compared with the
HIV-uninfected group. Similar data have been reported in previous studies.?*# Total
cholesterol levels were lower in subjects with low CD4 counts compared with those with high
CD4 counts and HIV-uninfected subjects, while LDL-C showed a similar difference but only
between the two CD4 groups. It is known that untreated HIV infection is associated with
lower total cholesterol levels.#2 The current data suggest that this effect is more prominent in
those with low CD4 counts and high viral loads. The mechanism by which the virus causes
hypocholesterolemia in infected subjects is not known, however, it has been suggested that
cholesterol malabsorption*? could potentially account for the observed phenomenon.

Data from the current study demonstrate that the inflammatory cytokines, IL-6 and TNF-q,
were elevated in the HIV-infected cohort, particularly in those with low CD4 counts. This
persisted even after 18 months of administration of ART. Thus, there is a continuous
inflammatory response in the HIV-infected population despite treatment. Other studies also
show that inflammation is maintained in HIV-infected subjects even after ART initiation, 46
Thus, serum levels of sCD14 and CRP remained at pre-ART levels in HIV-1-infected
participants in the study conducted by Macatangay et al.*> even after 9 months of therapy

with lopinavir, tenofovir, and emtricitabine.
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This chronic inflammation may lead to endothelial dysfunction as characterized by increased
platelet aggregation, vascular smooth muscle cell proliferation, greater monocyte adhesion
and transmigration, and oxidative stress, which promote atherosclerosis.*’ In addition,
endothelial progenitor cells decrease in number and lose their capacity to repair endothelial
damage.*® These inflammation-induced changes in endothelial function may be one of the
reasons for the increased prevalence of CVDs observed in HIV-infected subjects receiving
ART.%2 It must be noted that in the current study, although we did observe high levels of
inflammatory cytokines 18 months after initiation of ART, these observations were from a
small number of subjects (N = 13) and must be confirmed using a larger sample size.

In this study, IL-8 levels did not differ between the HIV-infected ART-naive study groups
and the uninfected cohort. This finding is contrary to a report from De Pablo-Bernal et al.32 in
which serum levels of IL-8 were significantly higher in the HIV-infected ART-naive group,
27-37 years of age, when compared with age-matched uninfected controls, but significantly
lower when compared with uninfected subjects, >64 years of age.l2 However, it must be
noted that this study was performed in a Caucasian population of HIV-infected subjects that
were younger and with a much higher proportion of male participants (82.0% vs. 18.7%)
when compared with the current study.

Serum markers of endothelial activation, that is, VCAM-1, ICAM-1, and vWF, were higher
in HIV-infected subjects when compared with HIV-uninfected subjects. These data are
supported by several other studies.2»>=222122 However, serum levels of E-selectin were not
elevated in the HIV-infected subjects. A previous study from South Africa also reported no
difference in E-selectin levels between HIV-uninfected and HIV-infected, ART-naive
subjects.>® Increased expression of VCAM-1 and ICAM-1 on endothelial cells would
augment the infiltration of leukocytes into the vessel walls, thus, promoting atherosclerosis
by enhancing plaque formation in the arterial wall.!3> Serum levels of MCP-1 were higher in
both the HIV-infected groups when compared with the controls, but this difference was not
statistically significant.

Previous studies have shown that MCP-1 levels are higher in HIV-infected subjects, but these
studies were conducted in mixed populations (Hispanic, African American, and White) of
children or in White subjects only.2%% A study conducted in Tanzania has also shown that
MCP-1 levels were higher in HIV-infected compared with HIV-uninfected subjects before
initiation of ART.2! This study had a higher sample size for HIV-infected subjects than the
current study and it is therefore possible that our study was not sufficiently powered to detect
significant differences in MCP-1 levels within the context of an African population.

The current study demonstrated that biomarkers of endothelial activation that were elevated
in HIV-infected, compared with HIV-uninfected subjects, fell significantly after 18 months of
ART. This observation is in agreement with other studies involving individuals on ART for
12-24 months 3233

Some studies, however, have shown that endothelial activation is not alleviated after long-
term (812 years) ART use.2%46 It is also possible that different ART regimens may have
differential effects on the endothelium. One of few studies directly comparing the effects of
different antiretroviral regimens on endothelial activation was conducted in Denmark. This
study analyzed flow-mediated dilatation (FMD) and serum markers of endothelial activation
in HIV-positive subjects first receiving a protease inhibitor-based regimen, which was
switched to a non-nucleoside reverse transcriptase inhibitor-based therapy, both lasting 3
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months. This study showed that both regimens were characterized by increased FMD and
reduced serum levels of the markers of endothelial activation.32

Multiple regression analyses demonstrated that differences in the level of serum markers of
endothelial dysfunction, particularly VCAM-1 and vWF, between the HIV-infected and HIV-
uninfected groups were specifically associated with viral infection, and were not due to
confounding or moderation from gender, lipid, or cytokine levels. These findings are
supported by previous studies conducted at both African sites and elsewhere.123%:33

The current data are novel in that the panel of endothelial activation biomarkers includes
serum VWF, which has not previously been studied in the context of HIV infection and CVD
risk factors in African populations. Earlier African studies have shown elevated vWF levels
in HIV-infected compared with HIV-uninfected subjects, but these studies were performed in
the context of stroke, malaria, and sepsis and coagulation markers and included no
adjustment for possible confounding from CVD-related variables.32-3

The present study demonstrates that elevated serum levels of VCAM-1 and vWF in HIV-
infected subjects were related to low CD4 counts and high viral load, respectively. This
finding suggests that endothelial activation in HIV infection is due to direct effects of the
virus on the endothelium and to virus-associated immune dysregulation, as demonstrated by
previous studies. Thus, it is known from in vitro studies that viral proteins, such as Nef, Tat,
and gp120 can induce endothelial activation,'2 whereas CD4+ T cell suppression by the virus
may lead to immune activation, which in turn has been associated with endothelial
dysfunction.* It is interesting to note that elevated serum levels of VCAM-1 have been
associated with activated macrophages in subjects with HIV infection.2> However, no studies
have investigated the effect of HIV viral proteins on endothelial vWF production.

An important finding of the current study was that inflammation was not associated with
serum biomarkers of endothelial dysfunction and that ART attenuated the level of these
biomarkers but not the level of the inflammatory cytokines. Despite this lack of association
between cytokines and endothelial activation, it is possible that the cytokines are able to
modulate aspects of endothelial function other than those involving VCAM-1, ICAM-1,
MCP-1, E-selectin, and vWF and also to effect other factors related to vascular function.
Thus, inflammation is also able to cause impairment of cholesterol metabolism, activation,
and differentiation of monocytes and reduce endothelial repair mechanisms.'*¢ However, it
is possible that the lack of association of cytokines with the serum biomarkers of endothelial
dysfunction observed in the present study may be due to low power.

If this were the case, then a larger sample size would uncover significant associations but this
would in turn suggest that cytokines are weaker determinants of endothelial activation than
the factors shown to be significantly associated with endothelial activation in the regression
models in Table 4. It should also be noted that significant associations of IL-6 and TNF-a
with VCAM-1 and MCP-1, respectively, in univariate regressions were attenuated to
nonsignificance in multivariable models demonstrating that the initial significant univariate
associations were due to confounding.

The main limitation of this study was the relatively small sample size, particularly that of the
longitudinal analysis, where post hoc sample size calculations showed that increasing subject
numbers from 13 to 41 or 28 would be sufficient to show possible significant differences (at
p <.05 and 80% power) in E-selectin and MCP-1, respectively. This suggests that the
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longitudinal data for these analytes should be interpreted with caution. With respect to vWF,
the required sample size to show significant differences was 1,284, suggesting that any
change in vWF may be small and of little clinical significance. However, these are theoretical
interpretations and do need to be confirmed in a longitudinal study with a larger sample size.

Despite these limitations, significant differences were observed across the study groups and
these findings were supported by data from other studies.>*2=2>%2 Also, regression analyses
were performed using cross-sectional data, which does not allow us to identify causation, but
only to observe associations. In addition, for HIV-infected subjects, the duration of infection
was not known.

In this study, we hypothesized that the negative association of CD4 cell count with vVWF may
be mediated by immune activation, however, we did not measure indicators of immune
activation such as the soluble biomarkers sCD163 and sCD14.3¢ Lastly, we lacked a clinical
measure of endothelial function such as flow-mediated dilation or pulse wave velocity, but
endothelial activation was assessed using the serum biomarkers ICAM-1, VCAM-1, vWF,
MCP-1, and E-selectin. We are therefore unable to draw any conclusions on the functional
integrity of the endothelium but are able to state that endothelial activation is greater in the
HIV-positive subjects.

In this context, a recent study from South Africa has shown that baseline serum levels of
ICAM-1 and VCAM-1 were not correlated with carotid—femoral pulse wave velocity or
carotid intima-media thickness at 5 years of follow-up and that these markers of vascular
function and structure were not different between subjects with or without HIV infection.>’
However, it should be noted that at baseline, 44.1% of the HIV-positive subjects were
receiving ART and this rose to 81.4% at follow-up and ART is known to attenuate
endothelial activation.Z

The main advantage of this study was the analysis of a broad range of serum markers of
endothelial activation and inflammation in an understudied population, in which HIV
infection is highly prevalent. Furthermore, this is one of the very few studies to measure the
levels of such biomarkers after the initiation of ART, and to investigate the interaction of
these biomarkers with each other and with classical CVD risk factors.

Conclusion

Our data show evidence of endothelial activation in the Black South African ART-naive
HIV-infected population. Commencement of HIV treatment was associated with attenuation
of endothelial activation, but markers of inflammation continued to increase. This study
suggests that endothelial activation is not due to inflammation but may arise from direct
effects of the virus on the endothelium and from immune dysregulation.
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