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HIGHLIGHTS

� In treated HIV, cardiovascular disease is a

leading cause of morbidity and mortality,

the prevention of which is not fully

known.

� Activated platelets are causal in

atherosclerotic cardiovascular disease,

and platelets in HIV exhibit heightened

activity.

� In this study, clopidogrel, as opposed to

aspirin, reduced platelet activation, and

platelet-induced endothelial inflamma-

tion in persons with HIV.

� The use of clopidogrel for the primary

prevention of cardiovascular disease in

HIV should be evaluated in more

extensive clinical trials.
https://doi.org/10.1016/j.jacbts.2022.06.002

sity School of Medicine, New York,

ne, New York University School of

pshire, USA; dDivision of Vascular

cine, New York, New York, USA;

rytown, New York, USA; gGenome

ion of Hematology, Department of

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1016/j.jacbts.2022.06.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacbts.2022.06.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


R E V I A T I O N S

J A C C : B A S I C T O T R A N S L A T I O N A L S C I E N C E V O L . 7 , N O . 1 1 , 2 0 2 2 Marcantoni et al
N O V E M B E R 2 0 2 2 : 1 0 8 6 – 1 0 9 7 Clopidogrel Reduces Platelet Activation in Treated HIV

1087
SUMMARY
AB B
AND ACRONYM S

ADP = adenosine diphosphate

AIDS = acquired

immunodeficiency virus

ART = antiretroviral therapy

CV = cardiovascular

CVD = cardiovascular disease

HIV = human

immunodeficiency virus

MFI = mean fluorescence
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Patients with HIV exhibit platelet activation and increased risk of cardiovascular disease, the prevention of

which is not fully known. Fifty-five HIV-positive patients were randomized to clopidogrel, aspirin, or no-

treatment for 14 days, and the platelet phenotype and ability to induce endothelial inflammation assessed.

Clopidogrel as opposed to aspirin and no-treatment reduced platelet activation (P-selectin and PAC-1

expression). Compared with baseline, platelet-induced proinflammatory transcript expression of cultured

endothelial cells were reduced in those assigned to clopidogrel, with no change in the aspirin and no-treatment

arms. In HIV, clinical trials of clopidogrel to prevent cardiovascular disease are warranted. (Antiplatelet Therapy

in HIV; NCT02559414) (J Am Coll Cardiol Basic Trans Science 2022;7:1086–1097) © 2022 The Authors. Pub-

lished by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

EC = human umbilical vein

thelial cell
HUV

endo
PWH = persons with HIV
E ffective antiretroviral therapy (ART) has
altered the landscape of HIV morbidity
and mortality, and nonacquired immune

deficiency (AIDS)-related deaths now surpass AIDS-
related ones. In persons with HIV (PWH), cardiovas-
cular (CV) disease (CVD) is a significant cause of
morbidity and mortality, and confers upwards of a
1.5- to 2-fold higher rate of CV events when compared
with uninfected controls.1-3 Although the pathogenic
mechanism(s) for increased risk of CV events in
PWH are incompletely understood, platelet activation
likely plays an important role.4 Although platelets are
key cellular mediators of atherothrombosis,5,6 a
growing body of evidence supports their role as
proinflammatory mediators across autoimmune and
proinflammatory conditions.7,8 Endothelial proin-
flammatory activation is a key step in atherosclerosis,
and activated platelets interacting with the endothe-
lium alters the chemotactic, adhesive, and proteolytic
properties of these cells.5,9-11 Studies exploring the
platelet phenotype in PWH do not just reveal an over-
activated state, but also highlight the potent effector
cell properties of HIV platelets by inducing proinflam-
matory and chemotactic endothelial transcript
expression, suggesting that platelet activation may
contribute to HIV-mediated CVD.12,13

In non-PWH, yet high CV risk populations, anti-
platelet therapies for the prevention of CVD are
established.14,15 However, their utility to reduce CV
risk in PWH who otherwise do not meet a clinical
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indication for these therapies is uncertain.16 A prior
study from our group found that PWH have increased
platelet aggregation (spontaneous and agonist-
induced) compared with control subjects. Although
urinary 11-dehydro-thromboxane B2 decreased in
both PWH and control subjects following aspirin
therapy, levels remained higher in PWH than control
patients.17 A randomized controlled trial of aspirin
(100 mg, 300 mg) or placebo in PWH found no
reduction in biomarkers of systemic inflammation
(CD14, interleukin [IL]-6, CD163), coagulation
(D-dimer), or improvement in endothelial function
after 3 months.18 Altogether, these studies suggest
reduced aspirin efficacy in PWH and the need to
investigate alternative antiplatelet strategies.

Clopidogrel, a member of the thienopyridine group
of antiplatelet compounds that targets the P2Y12 re-
ceptor and lowers the risk of CV events in various
clinical settings by inhibiting adenosine diphosphate
(ADP)-mediated platelet activation and aggregation.19-
23 Data are limited on the effect of clopidogrel on
markers of platelet activity and endothelial function in
ART-treated PWH. A small study of clopidogrel vs
aspirin noted a reduction in thrombogenicity in clopi-
dogrel and not in aspirin.24 In the non-HIV setting,
clinical trials demonstrate reduced CV events in those
randomized to clopidogrel when compared with
aspirin.14,15 Platelet activation is causal in atheroscle-
rosis and correlates with CV events.11,25-27 In addition
to their well-described role in thrombosis, platelets are
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FIGURE 1 Clinical Trial and Experimental Design

Schematic of clinical trial. (A) Study site visit and platelet phenotype assessment at (T1) enrollment, (T2) randomization, and (T3) follow-up

at day 14. (B) Freshly isolated platelets (n ¼ 2 per group) coincubated on HUVECs for 2 hours at T2 and T3. Isolated mRNA from HUVECS

underwent NanoString transcriptomic analysis (n ¼ 594), whereas a separate validation cohort (n ¼ 11 to 14 per group) underwent platelet–

HUVEC coincubation experiments with subsequent quantitative polymerase chain reaction (of HUVEC transcriptome expression) at study end

(T3). HIV ¼ human Immunodeficiency virus; HUVEC ¼ human umbilical vein endothelial cell.
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potent effector cells and induce inflammation and
immunity via their effects on endothelial cells,
monocytes, and macrophages.11,27 We therefore con-
ducted an open-label randomized controlled trial to
evaluate the ability of aspirin and clopidogrel treat-
ments to reduce platelet aggregation and the platelet
effector cell properties on endothelial cells in
ART-treated PWH.

METHODS

STUDY DESIGN. This study (Antiplatelet Therapy
in HIV; NCT02559414) was a randomized, open-label,
clinical trial designed to investigate the effects of
aspirin and clopidogrel on markers of platelet activity
and platelet effector cell functions in ART-treated
PWH (Figure 1A, Supplemental Figure 1). Eligible
participants were between 18 and 80 years of age,
who were HIV-positive on ART, with a HIV RNA viral
load <200 copies/mL for at least for 3 months.
Exclusion criteria included active nonsteroidal anti-
inflammatory drug use in the past week (including
aspirin), known CVD, current antiplatelet and
antithrombotic drug use, chronic kidney disease,
steroids or immunosuppressive agents, active drug or
alcohol use, known anemia (hemoglobin <8 mg/dL),
or thrombocytopenia (<100 � 103/mL) or thrombocy-
tosis (>500 � 103/mL). The protocol was approved by
the New York University Langone Medical Center
Institutional Review Board, Bellevue Hospital Center,
and the central office of the New York City Health and
Hospital Corporation. All participants provided writ-
ten informed consent in line with the declaration of
Helsinki. The New York University Investigational
Pharmacy was used for study drug procurement,
storage, dispensation, and accountability.

RANDOMIZATION, PROCEDURE, AND OUTCOMES.

Fifty-five participants were randomized into 1 of 3
groups, control (no treatment), aspirin, or clopidogrel
group in 1:2:2 ratios for 14 days of treatment
(Supplemental Figure 1). Participants randomized
into the aspirin group received a single 325-mg dose
of aspirin followed by 81 mg per day for the remaining
13 days. Those randomized to the clopidogrel arm

https://www.clinicaltrials.gov/ct2/show/NCT02559414
https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
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received a single 300-mg dose followed by 75 mg/day
for the remaining 13 days. In the control group, par-
ticipants received no antiplatelet therapy. Subjects
were asked to fast overnight and to not smoke or
perform intensive exercise for at least 4 hours before
each study visit. A random number generator was
used for subject study assignment and performed in
block randomization. Visits at each time point
included blood and urine collection. During follow-up
adverse events were reviewed. The primary out-
come(s) were platelet aggregation to arachidonic acid
(for those assigned to the aspirin group) and ADP (for
those assigned to the clopidogrel arm). Secondary
outcomes included other metrics of platelet activity
(aggregation and platelet receptor expression), and
the platelet’s ability to induce endothelial inflamma-
tion in vitro.

BLOOD COLLECTION AND PLATELET AGGREGATION.

Blood was collected in 3.8% sodium citrate tubes and
centrifuged (200 relative centrifugal force, 10 mi-
nutes) to obtain platelet-rich plasma both for platelet
function and platelet-cell interaction assays. Using an
AggRAM light transmission aggregometer (Helena
Laboratories, Beaumont, Texas), the maximal per-
centage aggregation and percentage of aggregation at
300 seconds was measured in platelet-rich plasma
after the addition of the following agonists: ADP at
5 mmol/L and arachidonic acid (1,600 mmol/L). All
aggregation measures were completed within 2 hours
of phlebotomy. Serum thromboxane B2 was
measured via enzyme-linked immunosorbent assay
as per manufacturer recommendations with a 1:50
dilution (Cayman Chemical).

FLOW CYTOMETRY ANALYSIS OF PLATELET FUNCTION.

To assess P-selectin, PAC-1, and CD40 expression,
citrated whole blood was incubated with CD42b-APC
(platelets) and CD62P-FITC (P-selectin) or PAC-1-
FITC or CD40 for 30 minutes in the dark at room
temperature after stimulation with agonist. Platelet
marker expression was recorded as mean fluores-
cence intensity (MFI) of 10,000 CD42bþ events. All
antibodies were purchased from BD Biosciences, and
flow cytometry was performed on an Accuri C6 flow
cytometer (BD Biosciences). For monocyte platelet
aggregates and leukocyte-platelet aggregates, citrate
anticoagulated blood was fixed with 1% formalde-
hyde in a 1:1.2 ratio for at least 15 minutes. Fixed
whole blood was stained with CD61-FITC (platelets)
and either CD14-APC (monocytes) or CD45-APC (total
leukocytes) for 10 minutes at room temperature.
Monocytes and leukocytes were collected based on
side-scatter properties and positive staining for CD14
or CD45, respectively. Monocyte platelet aggregates
were identified as having a positive stain for CD14 and
CD61, and leukocyte platelet aggregates were identi-
fied as having a positive stain for CD45 and CD61.
Data are expressed as a percentage of all leukocytes or
monocytes positive for adherent platelets. In these
experiments, 25,000 leukocytes and 2,000 monocytes
per sample were analyzed with further gating strate-
gies as noted in Supplemental Figure 2.

PLATELET AGONISTS. Arachidonic acid, ADP, and
epinephrine were purchased from Helena Labora-
tories. For arachidonic acid (ref 5364), sodium
arachidonate was lyophilized at 5 mg/mL and recon-
stituted in molecular grade water to a stock concen-
tration of 1,600 mmol/L as per manufacturer
recommendations. For adenosine diphosphate (ref
5366), adenosine 5-diphosphate was reconstituted to
a concentration of 200 mmol/L and diluted to con-
centrations of 20 mmol/L, 5 mmol/L, and 1 mmol/L. For
epinephrine (ref 5367), L-epinephrine bitartrate was
reconstituted to a concentration of 3 mmol/L and
diluted to 10 mmol/L, 0.4 mmol/L, and 0.1 mmol/L
concentrations, which have been previously pub-
lished.28 Thrombin (0020301100), used in flow
cytometry, was purchased from HemosIL lyophilized
from bovine thrombin at 35 U/mL with bovine albu-
min, calcium chloride, buffer, and stabilizers, and
used at a diluted concentration of 0.025 units.

PLATELET PREPARATION AND INCUBATION WITH

ENDOTHELIAL CELLS. As previously described,12

freshly isolated platelet-rich plasma was added to
1:10 anticoagulant citrate dextrose solution, centri-
fuged (1,000g, 10 minutes) and the platelet pellet
resuspended in Tyrode’s buffer and 1 mmol/L PGE1

(Sigma-Aldrich). Platelets were counted on a Coulter
Ac�T diff2 Hematology Analyzer (Beckman Coulter)
and adjusted to the desired concentration by addition
of endothelial starvation medium. Washed platelets
were incubated with serum-starved human umbilical
vein endothelial cells (HUVECs) (0.5% bovine serum
albumin in basal medium, overnight) at a 1:100 ratio
for 2 hours at 37�C under static conditions, method-
ology, which has been previously published.12 Un-
bound platelets were extensively washed away and
HUVECs lysed in Qiazol for RNA extraction. HUVECs
(purchased from Lonza) were cultured in endothelial
growth medium (Lonza) supplemented with 10% fetal
bovine serum (Invitrogen, Waltham, Massachusetts).
For all experiments, HUVECs were used between
passages 3 to 5 (Figure 1B).

NanoString AND QUANTITATIVE POLYMERASE

CHAIN REACTION GENE EXPRESSION ANALYSIS

AND BIOINFORMATICS. Total RNA was isolated from
HUVECs coincubated with platelets isolated from

https://doi.org/10.1016/j.jacbts.2022.06.002
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HIV-infected subjects using the Direct-zol RNA Mini-
Prep (Zymo Research), following the manufacturer’s
protocols (Figure 1B). For quantitative polymerase
chain reaction experiments at study end, RNA was
standardized to 100 ng/mL and converted to cDNA
using iSCRIPT cDNA Synthesis kit (Bio-Rad Labora-
tories). The SYBR Green system was used on an
Applied Biosystems 7500 Fast Real-Time PCR System.
All work was performed using the manufacturers’
protocols and as previously published.29,30 Tran-
scripts were normalized to the housekeeping gene
RNA18S5 and are reported as fold change over con-
trol. All primers were obtained from Integrated
DNA Technologies.

In the targeted, NanoString transcriptomic studies,
analysis was performed on baseline and follow-up
samples (n ¼ 2 per study group) using the nCounter
Immunology Panel (Catalog # XT-CSO-HIM2-12,
NanoString Technologies), which allowed the study
of up to 594 genes involved in inflammatory diseases,
inflammatory response, cellular development, he-
matological system development, cell death, and cell-
to-cell signaling. Per sample, 100 ng of total RNA was
mixed with a 30 biotinylated capture probe and a 50

reporter probe tagged with a fluorescent barcode from
the custom gene expression code set. Probes and
target transcripts were hybridized overnight at 65�C
for 12 to 16 hours per the manufacturer’s recommen-
dations. Hybridized samples were run on the Nano-
String nCounter preparation station using the
high-sensitivity protocol, in which excess capture
and reporter probes were removed and transcript-
specific ternary complexes were immobilized on a
streptavidin-coated cartridge. The samples were
scanned at maximum scan resolution on the
nCounter Digital Analyzer. The counts from each hy-
bridization were normalized to the internal positive
controls to account for slight differences in assay ef-
ficiencies according to nCounter Data Analysis
Guidelines. Normalization to 15 housekeeping genes
was performed. A cutoff value for expressed tran-
scripts was used based on negative controls and per
manufacturer recommendations allowing approxi-
mately 246 genes per treatment group. The fold
changes were calculated and were subsequently
uploaded into Ingenuity Pathway Analysis (Qiagen)
and analyzed.
STATISTICS. The sample size was determined based
on aspirin’s ability to decrease arachidonic acid–
induced platelet aggregation by 50% vs control, and
clopidogrel to decrease ADP-induced platelet aggre-
gation by 50% vs control. Incorporating multiple
comparison adjustment (alpha ¼ 0.025) and a 2:2:1
ratio for aspirin–clopidogrel–control, 50 subjects were
needed for >90% power for the 2 coprimary com-
parisons. Data are expressed as mean � SD or median
(IQR) or count (percentage) as noted within the paper,
each table, or Figure legend. Normality was tested
using a Shapiro-Wilk normality test. Statistical sig-
nificance was determined using Student’s t-test (be-
tween groups), paired Student’s t-test (within group),
the Wilcoxon rank-sum test (between groups), or the
Wilcoxon signed rank test (within group) as appro-
priate and is indicated within each Figure legend. An
analysis of covariance model was also used to test
differences between antiplatelet strategies when
platelets were incubated on the endothelial cells
in vitro. Analyses were performed using STATA soft-
ware version 17 (StataCorp), GraphPad Prism software
version 9 (GraphPad Solution), and R Core Team
(2022, R Foundation for Statistical Computing).

RESULTS

DEMOGRAPHICS. Patient characteristics recruited
into the clinical trial (Supplemental Figure 1) are lis-
ted in Table 1. The participants were on average
middle-aged (median age 53 years [IQR: 50-58 years]),
predominantly Black (80%), overweight (median
body mass index 25.6 kg/m2 [IQR: 23.0-31.2 kg/m2]),
and split evenly between men and women. One-half
were active smokers, whereas a quarter had hyper-
tension and hyperlipidemia. Approximately 10% had
diabetes, and only 16% were on statin therapy
(Table 1). Regarding HIV status, participants had a
median HIV duration of 19.9 years (IQR: 13.7-24.9
years) and on suppressive ART therapy approxi-
mately 14 years on average. Although the median CD4
count was 597.5 (IQR: 417.0-791.8) cell/mm3 at the
time of study enrollment, over one-half of the par-
ticipants had a history of AIDS. The remaining char-
acteristics are listed in Supplemental Tables 1 and 2.
During the study period, other medications
(including ART therapy) were unchanged.

ASPIRIN AND CLOPIDOGREL DECREASE PLATELET

AGGREGATION IN PATIENTS WITH HIV. To deter-
mine the effect of 14 days of antiplatelet therapy in
ART-treated HIV subjects, ex vivo platelet aggrega-
tion in response to platelet agonists was performed.
Compared with baseline, arachidonic acid–induced
platelet aggregation was inhibited by aspirin (mean
change �38.8%, 95% CI: �21.5% to �56.1%), with
minimal change in those assigned to clopidogrel
(mean change �10.5%, 95% CI: �21.4% to 0.5%)
(Figures 2A and 2B). Confirming excellent compliance
to aspirin, serum thromboxane B2 was reduced 97.3%
(mean change �13.4 ng/mL, 95% CI: �8.5 to
�18.4 ng/mL) in the aspirin (but not the control or

https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002


TABLE 1 Patient Characteristics

All (N ¼ 55) Control (n ¼ 11) Aspirin (n ¼ 22) Clopidogrel (n ¼ 22)

Demographics

Age, y 53 (50-58) 54 (49-57) 52 (49.75-58) 55 (51.75-60.25)

Male 32 (58) 45 (5) 68 (15) 55 (12)

Black 80 (44) 91 (10) 77 (17) 77 (17)

Hispanic 13 (7) 9 (1) 14 (3) 14 (3)

Height, cm 173 (166-180.0) 171.0 (162.0-183.0) 175.0 (167.5-180.8) 171.5 (164.5-178.0)

Weight, kg 81 (70-89) 77 (65-90) 81 (73-86.5) 80.5 (70-89.3)

Body mass index, kg/m2 25.6 (23.0-31.2) 36.4 (23.0-32.5) 25.5 (23.3-28.4) 25.0 (22.3-33.0)

Medical history

Active smoking 53 (29) 45 (5) 55 (12) 55 (12)

Hypertension 25 (14) 36 (4) 27 (6) 18 (4)

Diabetes 11 (6) 9 (2) 9 (2) 14 (3)

Hyperlipidemia 24 (13) 9 (1) 23 (5) 32 (7)

Statin 16 (9) 0 (0) 14 (3) 27 (6)

HIV status

Duration of HIV, y 19.9 (13.7-24.9) 20.0 (10.6-25.6) 21.9 (10.6-25.6) 19.6 (16.6-25.0)

ART duration, y 16 (10-19) 11.5 (9.0-18.8) 16 (9.8-19.5) 16 (12-19)

CD4þ T cell, c/mm3 597.5 (417.0-791.8) 570 (373-745) 608.0 (340.0-862.5) 598.0 (495.5-791.8)

History of AIDS 58 (32) 64 (7) 59 (13) 55 (12)

Values are median (IQR) or n (%). Active smoking indicates the percentage of patients who were actively smoking within 12 months of study enrollment. P value indicates
analysis of variance or chi-square between treatment groups as appropriate.

ART ¼ antiretroviral therapy.
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clopidogrel) treatment group (Supplemental
Figure 3). Similarly, platelet aggregation in response
to ADP stimulation (5 mmol/L) was inhibited by clo-
pidogrel (mean change �37.0%, 95% CI: �20.7%
to �53.3%), but to a lesser degree by aspirin (mean
change 15.2%, 95% CI: �6.9% to �23.4%) (Figures 2C
and 2D). No change in platelet aggregation to arach-
idonic acid or ADP was noted in the control group
(Figure 2). Finally, no subject experienced an adverse
serious or nonserious bleeding event.

EFFECTS OF CLOPIDOGREL AND ASPIRIN ON

PLATELET ACTIVATION MARKERS AND

PLATELET-LEUKOCYTE AGGREGATES. Platelet acti-
vation (via assessment of activated aIIbb3 [termed
PAC-1]) and platelet P-selectin expression are robust
markers of platelet activity,26,31-33 and directly
participate in atherothrombosis.34-36 After 14 days,
the change in platelet P-selectin expression and PAC-
1 in basal and stimulated states were not reduced in
the aspirin and control groups (Figure 3). By contrast,
subjects randomized to clopidogrel resulted in a
decreased P-selectin in the basal state (mean
change �12.6 MFI, 95% CI: �1.1 to �24.1 MFI), P-
selectin after thrombin stimulation (mean
change �215.3 MFI, 95% CI: �7.8 to �422.9 MFI), and
PAC-1 expression after ADP (mean change �86.4 MFI,
95% CI: �10.4 MFI to �162.3 MFI) and arachidonic
acid (mean change �141.7 MFI, 95% CI: �52.3
to �231.1 MFI) stimulation (Figure 3). Consistent re-
ductions of these platelet activation markers were
observed when stratified by statin therapy, abacavir,
efavirenz, and ritonavir (Supplemental Table 3).
Neither aspirin nor clopidogrel had any significant
effect on platelet CD40 expression, and leukocyte,
neutrophil, monocyte, or lymphocyte platelet aggre-
gates (Supplemental Figure 4).

CLOPIDOGREL REDUCES PLATELET-STIMULATED

PROINFLAMMATORY ENDOTHELIAL CELL GENE

EXPRESSION. Because platelets induce endothelial
cell activation,12 we investigated the ability of anti-
platelet therapies to modulate platelet cell effector
functions on endothelial cells. Platelets isolated from
the study participants were coincubated with
HUVECs before study assignment and at day 14
(Figure 1B) The transcriptomic signature of these
endothelial cells was assessed using the immunology
panel NanoString code set, which yielded approxi-
mately 246 expressed immune- and inflammatory-
related expressed genes per study assignment.
Based on directionality, a total of 103 unique HUVEC
transcripts were down-regulated in those assigned to
clopidogrel and 37 up-regulated, whereby only 39
were down-regulated after aspirin therapy and 106
up-regulated (Figure 4A). The average composite
proinflammatory transcriptome was significantly
decreased after clopidogrel treatment (�3.3%,

https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
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FIGURE 2 AA- and ADP-Induced Platelet Aggregation Are Inhibited After Aspirin and Clopidogrel Treatment

Percent platelet aggregation using light transmission aggregometry. (A) Representation of platelet aggregation studies and (B) percent

aggregation at 300 seconds in response to 1,600 mmol/L arachidonic acid by study assignment. (C) Representation of platelet

aggregation studies and (D) percent aggregation at 300 seconds in response to 5.0 mmol/L of ADP by study assignment. n ¼ w22 per group

(aspirin/clopidogrel), n ¼ w11 per group (control); **P < 0.01, ***P < 0.001 by Wilcoxon signed-rank test. Bar graphs indicate median with

IQR. AA ¼ arachidonic acid; ADP ¼ adenosine diphosphate; asa ¼ aspirin; bl ¼ baseline; clo ¼ clopidogrel; Ctrl ¼ control; fu ¼ follow-up.
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95% CI: �1.1% to �5.5%), was increased after treat-
ment with aspirin (11.6%, 95% CI: 6.8% to 16.4%), and
the no treatment group (3.6%, 95% CI: 0.2% to 7.1%;
P < 0.001 between groups) (Figure 4B).

To understand the functional significance of these
endothelial transcriptomic changes after anti-platelet
treatment in PWH, the composite HUVEC tran-
scriptome changes (Figure 1B) were investigated using
Ingenuity Pathway Analysis. The top 14 differentially
expressed canonical pathways (absolute z-score >1)
were up-regulated or unchanged in the aspirin and
control groups (Supplemental Figures 5A and 5B).
However, in platelets from PWH assigned to clopi-
dogrel, a majority (11 of 15) of pathways were down-
regulated (Supplemental Figure 5C). Specifically, the
top 5 down-regulated canonical pathways after clo-
pidogrel treatment (as compared with the aspirin and
control groups) included highly inflammatory path-
ways such as inducible nitric oxide synthase (iNOS),
Toll-like receptor, TREM1, interferon signaling, and
Th1 pathways (Figure 4C, Supplemental Table 4A).
Among all of the genes within these down-regulated
pathways (Supplemental Table 4B), the top genes
down-regulated included those related to the TNF
family, intracellular adhesion (ICAM1), and
inflammasome-related mRNA, including CAPS1 and
IL-18 (Figure 3D, Supplemental Table 4B) and those
related to interferon signaling.

To validate these exploratory findings, an
expanded analysis utilizing freshly isolated platelet-
HUVEC coincubation studies from HIV subjects at
study end (n ¼ 10 to 14 per study group) was per-
formed. A reduced ability in the platelet’s ability to
induce interferon-related HUVEC transcripts was
noted in the clopidogrel-treated group, as compared
with aspirin and control groups (Supplemental
Figure 6). Altogether, our results indicate that in
PWH randomized to 14 days of clopidogrel as opposed
to aspirin (and control), platelet activation is reduced,
and the platelets’ ability to promote endothelial
proinflammatory and interferon gene expression
decreases.

DISCUSSION

The risk of CVD including acute myocardial infarc-
tion, ischemic stroke, and heart failure is increased in
PWH as compared with the general population.1,37,38

https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002
https://doi.org/10.1016/j.jacbts.2022.06.002


FIGURE 3 Platelet P-Selectin and PAC-1 Expression Is Reduced After Aspirin and Clopidogrel Treatment

Platelet flow-cytometry (expressed as mean fluorescence units [MFI]). Resting (A) and (B) thrombin (0.05 U/mL) stimulated platelet p-selectin (CD62pþ, CD42bþ)

expression in each treatment group. Resting (C), arachidonic acid (D, 0.60 mmol/L), ADP (E, 0.1 mmol/L), and epinephrine (F, 0.4 mmol/L) stimulated PAC-1 (CD42bþ

PAC-1þ) expression. All stimulated treatments occurred over 5 minutes. **P < 0.01, ***P < 0.001 by Wilcoxon signed rank test. Bar graphs indicate median with IQR.

Abbreviations as in Figure 2.
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The underlying mechanisms in HIV driving enhanced
CV risk may include the virus itself, complications
from ART including enhanced platelet activation,39,40

chronic inflammation,41 immune dysregulation,42 gut
microbial disturbances, and endothelial dysfunc-
tion.43 Although the crosstalk between HIV-induced
inflammation and CVD has not been fully eluci-
dated, an activated platelet phenotype is likely
another prominent contributor.

Platelets play an important role in CVD both in the
pathogenesis of atherosclerosis and in the develop-
ment of acute thrombotic events.27,44 Moreover,
previous data show that PWH have an activated
platelet phenotype as assessed by increased surface
expression of P-selectin, activated glycoprotein
aIIbb3 (PAC-1), and increased aggregation in response
to submaximal agonist simulation,17,45 suggesting the
importance of studying antiplatelet strategies in
PWH. In prior studies of treated PWH, low-dose
aspirin diminished, but did not abolish, the height-
ened platelet reactivity observed in HIV.40 Certain
antiviral therapies, including protease inhibitors46

and abacavir,40 increase platelet activation, whereas
others, including ritonavir, inhibit bioactivation of
clopiogrel.47 In line with this, in PWH with a recent
acute coronary syndrome, dual antiplatelet therapy
(aspirin plus clopidogrel) inhibited biomarkers of
platelet activity less, when compared with the non-
HIV patient population. These findings, and our
own, highlight the importance of studying antiplate-
let strategies in HIV, and potentially even monitoring
for therapeutic efficacy.46

In our clinical trial, and similar to other clinical
trials in non-HIV populations of aspirin on platelet
function, we observed an uncoupling of the rela-
tionship in platelet aggregation and activation.48

Despite a broader ability of aspirin to reduce platelet
aggregation in response to arachidonic acid and ADP,
we observed no decrease in platelet receptor expres-
sion with aspirin. By contrast, 2 weeks of clopidogrel
decreased ADP-induced (but not arachidonic acid–
induced) platelet aggregation and also reduced P-
selectin and PAC-1 expression, suggesting that
platelet activation markers are not solely dependent
on COX-1 signaling. P-selectin is stored in alpha
granules and secreted during stimulation.49 P2Y12

receptors amplify degranulation via signaling path-
ways, including thrombin mediated, and induce



FIGURE 4 Platelet-Treated Composite Endothelial Transcript Expression Is Reduced After Clopidogrel

Freshly isolated platelets at study randomization and follow-up (n ¼ 2 per study assignment group) were coincubated on human umbilical

vein endothelial cells (HUVECS) � 2 hours and the HUVEC transcriptome assessed using the NanoString immunology panel (594 genes).

(A) Venn diagram displacing directionality and change in all measurable HUVEC transcripts by study assignment (w246 genes). (B) Average

change, expressed as percentage, in the composite HUVEC transcriptome by study assignment. (C) Top 5 down-regulated canonical path-

ways in the clopidogrel treatment arm vs aspirin and control arms (by Ingenuity Pathway Analysis). (D) Normalized (to control) fold change

in HUVEC transcripts obtained from C by study assignment. ***P < 0.001 (analysis of covariance and Student’s t-test for posttreatment

scores). iNOS ¼ inducible nitric oxide synthase; other abbreviations as in Figure 2.
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conformational changes in aIIbb3 (PAC-1) receptors,50

thus suggesting potential mechanisms of how a P2Y12

inhibitor (clopidogrel), via ADP receptor antagonism,
may inhibit platelet activation.

Clinically, a pilot study in 25 PWH and 44 healthy
control subjects initially suggested that 1 week of
low-dose 81-mg aspirin ameliorated platelet activa-
tion in ART-treated PWH and non-HIV participants
via reduction of P-selectin levels, PAC-1 expression,
and percentage of platelet–monocyte aggregates.17

However, when compared with non-HIV, PWH after
aspirin administration had a lessor reduction in
thromboxane B2 and higher aggregation after arach-
idonic acid stimulation, suggesting reduced efficacy
in COX-1 mediated mechanisms of platelet inhibition
in HIV. These studies, and the discordant results with
the clinical trial of aspirin therapy presented here,
highlight the importance of extending beyond pilot
analyses and conducting adequately powered
randomized clinical trials in PWH. Consistently, a
randomized controlled trial of 121 PWH found that
aspirin treatment for 12 weeks failed to reduce bio-
markers of systemic inflammation and immune acti-
vation (ie, CD14), inflammation (ie, IL-6), coagulation
(ie, D-dimer), or improve endothelial function.18 A
subsequent pilot clinical trial in PWH which included
clopidogrel, also showed that despite no reduction of
biomarkers of systemic inflammation, blood throm-
bogenicity was reduced.24

Although antiplatelet strategies are a cornerstone
of CV care in patients with established CVD, use of
antiplatelet therapies for primary prevention are far
from certain, and underutilized, even when appro-
priate, in the HIV patient population.51 More than 10
trials of aspirin for the prevention of a first CV event
have yielded conflicting results.52 In a high-risk group
of patients with established CVD, clopidogrel confers
a clinical benefit when compared with aspirin.14



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In persons with

HIV, clopidogrel, as opposed to aspirin, reduces platelet activa-

tion and platelet-induced endothelial inflammation.

TRANSLATIONAL OUTLOOK: In persons with HIV, clopi-

dogrel for the primary prevention of cardiovascular disease

should be tested prospectively in more extensive clinical trials

with hard clinical outcomes.
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When assessing the mechanistic impact of antiplate-
let strategies, in non-HIV populations, clopidogrel, to
a greater extent than aspirin, reduces platelet-
activated glycoprotein aIIbb3, P-selectin, and aggre-
gation to various agonists and may be one reason why
clopidogrel shows higher therapeutic benefit in high–
CV-risk populations.14,53 Consistently, a pilot ran-
domized controlled trial of 14 subjects with PWH
found that clopidogrel (and not aspirin) significantly
reduced blood thrombogenecity after 24 weeks.24

To add to these prior preliminary data and further
explore aspirin and clopidogrel impact on CVD
development in ART-treated PWH, we investigated
the effect of platelets on endothelial inflammation
in vitro before and after various antiplatelet strate-
gies. We discovered that clopidogrel reduced the
platelets effector cell properties on endothelial
inflammation, whereas aspirin did not. These find-
ings may be attributed to reduced platelet P-selectin
and activated glycoprotein aIIbb3 expression (which
were reduced in the clopidogrel-treated PWH arm)
because these factors are shown to impact platelet-
endothelial adhesion (via P-selectin–PSLG-1 interac-
tion), which induces endothelial inflammation.54

Pathway analyses of platelet-treated endothelial
cells revealed down-regulation of interferon-
regulated transcripts with clopidogrel as opposed to
aspirin. Interferon pathways are dysregulated even in
virologically controlled PWH, and altered interferon
signaling in PWH is associated with clinical CVD.55 In
summary, the preferential impact on clopidogrel,
both at the platelet inhibitory and endothelial
inflammation reduction level, suggests potential ef-
ficacy of an ADP antagonist antiplatelet strategy to
prevent atherothrombosis in PWH. However, further
studies are required to explore the mechanistic un-
derpinning of our clinical trial results and how this
may modulate CV risk.

STUDY LIMITATIONS. The primary goal of this study
was to investigate the impact of antiplatelet strate-
gies in PWH, a high–CV-risk patient population with
an activated platelet phenotype. Although we
observed that clopidogrel reduces platelet activation
and platelet effector function on the endothelium
in vitro, we were unable to assess the clinical effect of
clopidogrel in this high-risk group. Other limitations
include our small sample size and open label design,
and further studies are required to confirm these
preliminary findings. Although we found an effect of
antiplatelet therapy on platelet mediated endothelial
cell activation in vitro, we did not measure circulating
biomarkers nor the function of the vascular endo-
thelium. Finally, although our findings may not be
unique to the PWH population, our study provides
exciting preliminary data on the potential therapeutic
implications of clopidogrel in an understudied pa-
tient population at high CV risk.

CONCLUSIONS

We demonstrate that clopidogrel is more potent than
aspirin to inhibit platelet activation as well as
proinflammatory and atherogenic endothelial path-
ways in PWH. Clopidogrel could be a potential
therapy to prevent atherothrombotic events in this
high–CV-risk cohort. Placebo controlled studies with
clinically important endpoints are needed to sub-
stantiate our findings in PWH and to determine the
benefit to improve CV health vs the expected risk of
bleeding.
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