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Background: In the past, protease inhibitors (PIs) and the reverse transcriptase inhibitor
abacavir were identified increasing the risk for thromboembolic complications and cardio-
vascular events (CVE) of HIV infected patients taking a combination antiretroviral therapy
(cART). Results of the previous HIV-PLA I-study lead to the assumption that platelet
activation could play a substantial role in increasing CVE risks.

Methods: The open label, monocentric HIV-PLA II-study investigated HIV-1-infected, ther-
apy-naive adults (n=45) starting with cART, consisting either of boosted PI (atazanavir, n= 6,
darunavir, n=11), NNRTI (efavirenz, n=14) or integrase inhibitor (raltegravir, n=14), each plus
tenofovir/emtricitabine co-medication. Main exclusion criteria were tobacco smoking, the intake
of NSAIDs or abacavir or past CVE. Platelet adhesive molecule p-selectin (CD62P) and FITC
anti-human Integrin o-IIb/Integrin -3 (CD41/CD61) antibody (PAC-1) binding, monocyte
CD11b/monocyte-associated CD41 expression and the endogenous thrombin potential (ETP)
were assessed ex vivo-in vitro at baseline, weeks 4, 12 and 24. Therapy regimens were blinded to
the investigators for laboratory and statistical analyses.

Results: CD11b and ETP showed no significant changes or differences between all study
groups. In contrast, the mean + SD mean fluorescence units (MFI) of CD62P and PAC-1
increased significantly in patients taking PI, indicating an enhanced potential for thrombocyte
activation and aggregation.

Conclusion: CD62P expression, detecting the a-platelet degranulation of pro-inflammatory
and pro-thrombotic factors and adhesive proteins, and PAC-1 expression, representing
a marker for conformation changes of the GIIb/Illa receptor, increased significantly in
patients taking HIV protease inhibitors. The findings of this study revealed a yet unknown
pathway of platelet activation, possibly contributing to the increased risk for CVE under HIV
protease inhibitor containing cART.

Clinical Trial Registration No.: DRKS00000288.
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Introduction

In the past, protease inhibitors (PIs) and the reverse transcriptase inhibitor abacavir
were identified increasing the risk for thromboembolic complications and cardio-
vascular events (CVE) of HIV infected patients taking a combination antiretroviral
therapy (cART). Even after adjusting statistical analyses for CVE risk factors of the
endothelial side, ie smoking, hyperlipidemia, age etc., the reasons remained
unknown. Results of the previous HIV-PLA I-study lead to the assumption that
platelet activation could play a yet unknown role in increasing CVE risks in patients

taking cART.
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HIV Infection and Platelets

The possible relevance of platelets for propagating the
inflammatory process is increasingly recognized.
A constituent of the a-granule membrane CD62P or sP-
selectin is expressed on the platelet surface upon acti-
vation. CD62P though is capable to interact with dif-
ferent partners such as neutrophils and monocytes and
its ligand P-selectin glycoprotein ligand-1 (PSGL-1).
This results in the formation of platelet-leukocytes
aggregates (PLA)' and an upregulation of the MAC-1
endothelial cell ligand (CD11b/CD18) leading to inter-
action of the partners. The formation of PLA increases

on the surface of diseased vessels throughout lesion

development, thus promoting the progression of
atherosclerosis.®**
The HIV infection itself is known to trigger

thrombocytopenia.” On the other hand, HIV-patients
show an enhanced platelet activation with increased
CD62P-expression and release of chemokines (eg,
RANTES) from the thrombocyte granules.'® Also,
a platelet-independently enhanced activation of pro-
coagulation factors such as D-dimer and thromboem-
bolic complications in HIV patients have been
described.”® Furthermore, circulating immune com-
plexes in HIV-infected patients include antibodies
against Glycoprotein IIb/Illa determining the extent of
the thrombocytopenia.

In the course of thromboembolic events circulating
thrombocytes are being activated eg by collagen as
of the

aggregation stimulus). Furthermore,

a component sub-endothelial matrix (pro-
CD62,

P-Selectin, as a member of platelet alpha-granule is

so-called

being expressed on the platelets surface representing
a neo-antigen. CD62 mediates thrombocyte—leucocyte
interaction. The correspondent PSGL-1 (P-selectin glyco-
protein ligand-1) is expressed on leucocytes’ surfaces trig-
gering an inflammatory answer.”

The growth of smooth muscle tissue in terms of vas-
cular remodelling is initiated by growth factors of throm-
bocytes. The inflammatory reaction is sustained by both
the forming of platelet-leucocyte aggregates and consecu-
tively the release of leukocyte mediators as well as up-
regulation of adhesive receptors on leucocytes’ surfaces,
namely MAC-1 (Macrophage-1-antigen), and those of
endothelium cells, ICAM-1 (Intercellular Cell Adhesion
Molecule).”

Usually, the reduction of the viral load under antire-
troviral therapy (ART) goes along with a decrease of
thrombocytopenia’ and is able to at least decrease the
release of RANTES, and of further endothelium activation
markers (eg, von-Willebrand Factor) and D-dimer.

cART and Platelets

But also cART itself may trigger cardiovascular risk in
patients on therapy. Data from the D:A:D-study have
shown very early an independent risk for CVE under
cART even after adjustment for most of the CVE cofac-
tors, a signal that exists constantly through to 2016. The
same counts for CVE data from the INSIGHT Smart-

13,14 1517 Were

study, especially when PI and Abacavir
taken.
While the endothelial part of this complication has

1011 and recent publications

been discussed sufficiently,
again have shown the coincidence of enhanced highly
soluble c-reactive protein (hsCRP), interleukin-6 (IL-6),
D-dimer and CVE risk,'®2* the cellular side of athero-
sclerotic inflammation has been neglected, and data
regarding PLA-formation, CD62-expression and platelet-
induced thrombin generation in HIV-patients under cART
are scarce.

Likewise, the coagulatory reaction is maintained. On
the one hand leucocyte adhesion on the damaged
endothelial surface induces the release of proteolytic
enzymes and toxic substances leading to further unco-
vering of pro-aggregatory molecules. On the other hand,
tissue factor present in subendothelial tissue and leuko-
cytes contributes to coagulation by inducing thrombin
generation by which thrombocyte activation and the
thrombotic process is amplified.'®*> Thrombin cleaves
the N-terminus of the fibrinogen alpha and beta chains
to fibrin peptide A and B respectively. The hereby
resulting fibrin monomers polymerize to form protofi-
brils, which associate laterally to form fibrin fibres;
finally a thrombus is formed.”® According to Hemker
et al coagulation already starts when only 5% of the
fibrinogen has been converted. At this point common
coagulation diagnostic techniques apply — such as pro-
thrombin Time (PT) and partial thromboplastin time
(PTT). While these routine diagnostic tests measure the
time until a clot is formed they seem not to be neither
suitable to point out an increased coagulability nor sen-
sitive enough to detect minor bleeding diathesis.
A testing system that records the potential of the
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thrombin is Hemker’s thrombin generation assay which
is part of this work.?”-*

The HIV-PLA2 Study

Thrombocytes are part of a reaction chain that leads to
cardiovascular events and progress of arteriosclerotic dis-
eases. The thrombocyte—leucocyte interaction contributes
to vascular inflammatory reactions. These issues are objec-
tives of this study on 45 HIV-1 infected adult outpatients,
who started antiretroviral therapy (ART); study visits were
performed at the beginning of therapy (visit 1) and
throughout 24 weeks (visits 2—4) of treatment. The parti-
cipants were divided into three groups, treated with either
protease inhibitors (PIs, n=17) or non-nucleoside reverse-
transcriptase inhibitors (NNRTIs, n=14) or integrase inhi-
bitors (INI, n=14).

Following the protocol and the methods of the HIV-
PLA1 pilot study,”® we evaluated markers for thrombocyte
activation (CD 62P and PAC-1-binding), markers for leu-
cocyte and platelet-monocyte interaction (CDI11b, and
CD41), and the influence of platelets on coagulation
(endogenous thrombin potential, ETP) in 45 adult HIV-1
infected patients, naive to therapy, before and 4, 12 and 24
weeks after the initiation of cART.

Methods

Patients and Study Protocol

The study had been approved by the Medical Faculty
Ethics Review Board of the Johann Wolfgang Goethe
University Frankfurt am Main, Germany (No. 290/09)
and was conducted following the Declaration of Helsinki
(version 2013) for medical research involving human sub-
jects. Patients had provided written informed consent prior
to enrolment. The study is registered in the German
Freiburg Study Base.

Blood samples were drawn from therapy-naive patients
immediately before starting a first line therapy with either
HIV protease inhibitors (PI, darunavir 600mg BID, n=11;
atazanavir 300mg QD, n=6), non-nucleoside reverse tran-
scriptase inhibitors (NNRTI, efavirenz 600mg QD, n=14)
or integrase inhibitors (INI, Raltegravir 400mg BID, n=14)
together with a standardized backbone of emtricitabine/
tenofovir-disoproxil fumarate (FTC/TDF) 200/245mg.

Baseline lab parameters obtained were RBC, WBC,
platelet count, haemoglobin, AST, ALT, yGT and creati-
nine. Furthermore, the expression of CD62P, PAC-1-bind-
ing, PLA formation (via CD41l-positive monocytes),

CDI11b expression and thrombin generation (endogenous
thrombin potential, ETP) were determined. After 4, 12 and
24 weeks on therapy, all analyses described above were
repeated.

Therapy regimens were blinded to the pharmacological
investigators for laboratory and statistical analyses.

Patients who took medication known to influence pla-
telet aggregation, eg NSAIDs, or who reported cigarette or
tobacco smoking or had a CVE in their history were not
included in this study. Also, abacavir was not allowed as
part of the cART.>*~!

Laboratory

Citrated whole blood (3.13%, Sarstedt, Niirmbrecht,
Germany) was assessed from patients and transferred to
the laboratory within 20 minutes avoiding agitation and
subsequent platelet activation. The Appendix provides
a summary of publications regarding the applied labora-
tory methods.

Flow Cytometric Methods

Preparation of blood samples was adapted from
a consensus protocol' and modified for assessment of
PLA-formation” and leukocyte activation. Samples were
Krefeld,
Germany). Staining and acquisition protocols were
adopted for measurement of platelet (CD62P, PAC-1,
CD41) and monocyte (CD11b, CD14) activation markers

and formation of PLAs (CD41 bearing leukocytes) using

analyzed on a FACS (Beckman Coulter,

double- and triple-color immunofluorescence staining. All
antibodies were from Beckman Coulter (Miami, FL, USA)
except PAC-1 and its isotype control which were from BD
Pharmingen (San Diego, CA, USA). All incubations were
performed at room temperature in the dark for 10 min.

Equal amounts of whole blood and HEPES buffer
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid;
AppliChem, Darmstadt, Germany) were mixed. For plate-
let activation, thrombin receptor activating peptide
(TRAP-6, H-Ser-Phe-Leu-Leu-Arg-Asn-OH, Bachem,
Heidelberg, Germany) at a final concentration of 5 (for
platelet testing) or 50 uM (leucocytes, PLA forming) was
added and incubated for 10 min; in addition aqua bi-dest
was added for testing in non-activated samples. The con-
centrations of these inducers had been chosen since they
are intermediate and sensitive enough to indicate drug-
induced changes of platelet activation in both directions
eg activation by the immunosuppressant as well as inhibi-
tion by antiplatelet therapy.’
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Expression of CD 62P and PAC-|

In the flow cytometric determination of platelet activation
status we focused on parameters that represented different
platelet functions: CD62-expression is a marker of platelet
degranulation, wherecas PAC-1 reflects the activation
induced conformational change of the GPIIb/IIIa receptor,
leading to fibrinogen binding and subsequent aggregation.

For analysis of platelet CD62P and PAC-1 expression,
SuL of activated or non-activated pre-diluted samples was
incubated with saturating concentrations of anti-CD41-
PC5, anti-CD62P-PE and PAC-1-FITC. The reaction was
stopped by fixing the cells for 30 min with 1% formalde-
hyde. Samples were further diluted, washed and analysed
on a flow cytometer. Platelets were defined as CD41
positive and within the platelet cluster in a log side-
scatter (SSC) versus log CD41-PC5 dot plot. Data on
3000 platelets respectively events of measurement were
acquired from each sample. Both, the percentage of plate-
lets expressing CD62P and the mean of CD62 positive
events were analysed and corrected for nonspecific bind-
ing of equimolar concentrations of mouse IgG isotype
conjugates. For estimation of PAC-1 expression, CD41-
PCS positive platelet population was analysed with respect
to PAC-1 positive events, given as mean values. All mean
values refer to logarithmic data.

PLA Formation and CD| Ib Expression
Adhesion of leukocytes to platelets leads to the formation
of platelet-leukocyte aggregates (PLA). These are depos-
ited at sites of vascular injury and represent an important
mechanism by which leukocytes contribute to thrombosis
and platelets contribute to inflammation.*~% CD 41 repre-
sents the platelet mass attached to monocytes and neutro-
phils; CD 11b is an activation marker for the monocytes,
as it refers to phagocytosis, but is expressed on natural
killer cells and neutrophils as well. Functionally, CD11b
regulates leukocyte adhesion and migration to mediate the
inflammatory response; CDI11b is directly involved in
cellular adhesion. CD14 is expressed by monocytes and
macrophages and at a considerably lesser extent by neu-
trophils, which helped in differentiating leucocyte subpo-
pulations rather than using side scatter (SSC) alone.

For the measurement of leucocyte-platelet formation,
50uL of activated (TRAP) or non-activated samples were
stained with saturating concentrations of anti-CD14-FITC,
anti-CD11b-PE and anti-CD 41-PC5 for 10 minutes.
Erythrocytes were lysed using FACSlysing solution

(Becton Dickinson, San Jose, CA, USA). Analysis was
carried out by acquisition and processing of data from
10,000
granulocytes).>

leucocytes  (monocytes and  neutrophil

PLA-formation was estimated by gating on leukocyte
subpopulations (identification of monocytes by CD14
positivity in a FSC versus log CDI14-FITC dot plot).
Percentages of monocytes and neutrophils with platelets
attached were defined as those events in the respective
gate which had an anti-CD41-PC5 fluorescence intensity
above background level determined by IgG isotype con-
trol. In addition, CD41 positive events in each leucocyte
sub-population were measured as the mean of its logarith-
mic scale.Furthermore, monocyte activation was analysed
in the total monocyte population with respect to CD11b

(mean of logarithmic data).

Measurement of Thrombin Generation
Platelet Rich Plasma was obtained according the subse-
quently described process: the whole blood was centri-
fuged (Megafuge 1.0 R; Heraeus/Hanau) 7 minutes at
1400 U/min (equates 609g), at 21°Celsius. No brake was
used stopping this process in order to avoid further uncon-
trolled activation of platelets. The PRP was pipetted into
a separate container (Polystyrol; Greiner/Pleidelsheim)
and stored at room temperature (22-25°Celsius). The sam-
ple was further analysed within 120 minutes.

Eighty microliters of PRP and 20 pL of diluted throm-
bin generation trigger (Innovin®, Dade Behring, Marburg,
Germany; collagen Horm® NYCOMED, Linz, Austria)
were added to each well of a 96-well microtiter plate.
The reaction was started by adding 20 pL of substrate
solution containing 0.1 M CaCl2. The final concentrations
therefore were: PRP, diluted 2:3, substrate 833uM, DMSO
1.67%, CaCl, 16.7 mM. The microtiter plate fluorometer
used was the Fluoroskan Ascent Type 374 (Labsystems,
Finland), with excitation wavelength 390 nm, emission
wavelength 460 nm, and a measurement integration time
per well of 20 ms. Fluorescence was measured in each
well at 20 s interval a total of 200 times, which means that
each run lasted 66 min. Four identical experiments were
run in parallel, allowing 24 different experiments to be
carried out simultaneously.

Data Management of ETP

The course of the fluorescent signal from each well is
retrieved in an Excel spreadsheet. The mean of 4 parallel
experiments is obtained as follows: The lag-time of
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thrombin formation is determined defined as the point
where the fluorescence signal deviates from a horizontal
(base-) line by more than two SDs [Hemker at al. 2000].
The lag-time is measured for each of the curves and the
mean (£ SD) calculated. The lag-times are superimposed
and the fluorescence signal (mean + SD) at each time point
calculated. The time course of thrombin activity is
obtained as the first derivative of the mean curve.
Correction for the residual alpha 2-macroglobulin-
thrombin activity was carried out using an algorithm pub-

lished earlier,6 available at www.thrombin.com. The first

derivative of the fluorescence—time curve reflects the
course of thrombin activity in sample, analogous to the
former chromogenic method. Parameters of interest are the
integral of this curve (ETP-AUC) and the maximal gen-
eration rate which is the peak of the first derivative (ETP-
peak).

Statistics

Patients” baseline parameters were subject to descriptive
statistics. The thrombocyte-leucocyte aggregation and acti-
vation markers were analyzed by means of repeated mea-
sures ANOVA, comparing baseline with week 4, 12 and 24
values, and comparing groups at each time-point, using
SPSS®20.0 for Windows. Starting from the measured
values of the HIV-PL I Study (Graff J, von Hentig et al
2008 JAC) we estimated a sample size of 13 patients in
each group being satisfactory for proving a statistical sig-
nificant difference between the groups at a level of sig-
nificance of a=0.05.

Results

Patients
Forty-five HIV-1
between 28 and 62 years were enrolled to the study con-

infected adults (female/male) aged

secutively according to their attendance in the primary
HIV care if meeting the inclusion criteria. All patients
were therapy-naive. Baseline demographic and laboratory
parameters are shown in Table 1.

Seventeen patients initiated antiretroviral therapy
with ritonavir 100mg-boosted HIV protease inhibitors
at standard doses (darunavir 600mg BID, n=11; ataza-
navir 300mg QD, n=6), fifteen patients started with the
NNRTI Efavirenz 600mg QD and thirteen patients
received the INI raltegravir 400mg BID. The standar-
dized backbone for all patients was emtricitabine/
Tenofovir-DF 200/245mg.

Platelet and Monocyte Activation and
Formation of Platelet-Monocyte
Aggregates

After the initiation of ART, we could only detect signifi-
cantly enhanced CDI11b activity on platelets in patients
taking HIV protease inhibitors at single time points after
week 12 (CDI11b_xmed _monos_bsl, P=0.005) and week
24 (CD11b_xmed granulos_bsl, p=0.038), whereas CD41
activity on platelets was not enhanced. Also, the maximal
thrombin generation rate (ETP-peak) did not show signifi-
cant alterations, and the ETP time to peak decreased with-
out showing statistical significance (Tables 2—4).

PACI| and CD62p

Figure 1 shows the expected pre-activation of platelets in
therapy-naive HIV+ patients, which decreases in the first
weeks of cART as previously described and then increases
subsequently to week 24 in patients taking HIV protease
inhibitors.

Subsequently, we could find significant changes in
CD62p and PACI in the HIV protease inhibitor-group:
Both parameters showed a significant increase at 12 and
24 weeks on therapy after an initial decrease a week 4
(Table 2, Figure 2A and B). CD62p changed from 0.106
(0.093-0.120) MFI at baseline to 0.209 (0.112-0.306)
MFI at week 24 (p=0.010) and PAC! increased from
0.225 (0.168-0.282) MFI at baseline to 0.536 (0.305—
0768) MFI at week 24 (p=0.002), respectively. However,
if visualized in whisker-box plots (Figure 3A and B), it
becomes clear, that only 50% of patients show an
increase in both parameters, while the 3rd and 4th quar-
tile remain on their baseline values. A further analysis,
trying to correlate any of the documented patient’s char-
acteristics age, sex, weight, BMI, baseline CD4 cell
count, baseline viral load could only detect a non-
significant difference between these two groups regard-
ing the baseline CD4 cell count, with a tendency towards
higher baseline CD4 cell counts in the group with acti-
vated platelets (CD62P: 215 vs 319 cells/mm?, p=0.089;
PACI: 240 vs 315 cells/mm’, p=0.09).

Regression Analysis

A Pearson regression analysis could not detect apparent
correlations between baseline patient’s characteristics and
any of the measured variables. An initially significant
correlation between CD62p and PACland baseline viral
load (logl0 copies/mL, p = 0.035, 1’=0.28) or baseline
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Table | Baseline Parameters of 45 Patients Starting with cART, Previously HIV Protease Inhibitor, NNRTI or Integrase Inhibitor

Therapy-Naive

Parameter Protease Inhibitor Group | NNRT Group 2 Integrase Inhibitor Group 3 ANOVA *Chi?
Mean (95% CI) Mean (95% CI) Mean (95% CI) P-value

Sex (male/female) 13/4 12/2 9/5 0.245%*

Age (years) 40.9 (35.246.7) 38.7 (32.6-44.7) 37.8 (33.5-42.2) 0.833
Bodyweight (kgs) 76.4 (69.5-83.2) 76.6 (62.9-90.5) 70.7 (63.6-77.8) 0.461

Height (cm) 176.8 (172.0-181.6) 175.3 (170.9-179.8) 172.6 (167.3-177.9) 0.397

BMI (kgs/m?) 31.3 (29.7-33.0) 30.8 (29.3-32.4) 29.8 (28.0-29.9) 0.391

CD4 baseline (cells/uL) 291 (227-355) 350 (261-438) 366 (260-472) 0.795

HIV-PCR logo (cop/mL) 4.69 (4.31-5.06) 4.50 (4.08—4.92) 4.21 (3.47-4.95) 0.402

CDC status C2/3 - 2 - 0.141*

Note: *These parameters were analyzed by means of ChiZ-Test.

Abbreviations: BMI, body mass index; CDC, US center of disease control and prevention.

CD4 cell count (cells/mm?, p=0.002, r*=0.35) could not be
confirmed in a visual scatter plot.

Discussion

It was shown before that the platelet aggregation which
was activated before therapy onset decreased after four
weeks on therapy with the HIV protease inhibitor
indinavir.® ART could also decrease previously enhanced
endothelial activation markers such as VCAM-1, ICAM-1
and vWF. However, a reduction of soluble CD62 (sP-
selectin) as a marker for platelet activation could not be
shown in the same study.'*

Also, a number of publications gave a strong hint
towards a decreased risk for CVE after therapy onset
since HIV itself activates platelets and increases inflamma-
tion markers, eg hsCRP, IL-6 and D-dimer.'®?* This could
be confirmed in our study for the evaluated platelet aggre-
gation markers PAC1 and also for the conformal changes
of the GlIb/IIa-receptor. However, after 12 and 24 weeks
on HIV protease inhibitors the ex vivo-in vitro samples
showed again a significant increase in platelet activation.
Also, the increase of CD11b at single time points without
showing a general increase over time, might be a hint
towards enhanced platelet activation, as CD11lb is one
marker for an increased formation of PLA aggregates in
TRAP-activated samples.

Since platelet aggregation itself is considered
a relatively crude marker for platelet activation, we used
a more sensitive approach for platelet testing. In this study
we found evidence for enhanced platelet activation during
a 24 week-course antiretroviral therapy with HIV protease
inhibitors by determining surface expression of activation

markers and markers for the conformal changes of the

GlIb/IIa-receptor. These are (i) capable of initiating var-
ious inflammatory responses, eg the production of chemo-
kines, cytokines or matrix metalloproteinases which
promote the development and progression of atherosclero-
sis and (ii) direct thrombocyte aggregation.*

The study groups of patients receiving either NNRTI or
INI-based cART did not show marked differences in all
platelet activation markers compared to those who were on
a HIV-protease inhibitor containing therapy.

It has been shown, that HIV infected subjects under PI-
based cART have a cumulative risk of developing athero-
sclerosis, myocardial infarction and other thromboembolic
events. As the reasons for this are supposed to be multi-
factorial, eg, a combination of the metabolic syndrome,

13,14.3442 the increased

hyperlipidemia and lipodystrophy,
platelet-leucocyte aggregation may further contribute to
the genesis of cardiovascular diseases or the increasing
incidence of cardiovascular events through years on
therapy.'?

Two studies of the INSIGHT-START study group pre-
sented at CROI 2017 evaluated the correlation between the
initiation of cART and various parameters of inflammation
coagulation and vascular injury and their clinical impact
during the START trial. In this trial, altogether 468 adult
HIV-1 positive patients with a baseline CD4-cell count of
over 500/uL were randomized into two groups, one start-
ing cART immediately after inclusion (n=2325), the other
starting in delay with antiretrovirals, if the CD4-cell count
dropped below 350/uL (n=2359). All patients were eval-
vated regarding the effect on the incidence of AIDS,
AIDS-related death or severe AIDS-related illness on non-
AIDS related death. The results were clearly remarkable:
The authors detected a significant correlation between the
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intake of PI and CVE, although future investigations are
warranted.*’

Conclusion

Complementing the results of the previous pilot study, the
currently presented results reveal strong evidence for a yet
unknown enhancement of platelet activation by HIV pro-
tease inhibitors: the accelerated degranulation of inflam-
mation markers from thrombocytes into blood plasma and
conformal changes of the GIIb/IIla-receptor most probably
lead to enhanced thrombocyte aggregation under HIV
protease inhibitor containing cART.

CD62P expression, detecting the a-platelet degranula-
tion of pro-inflammatory and pro-thrombotic factors and
adhesive proteins, and PACI1 expression, representing
a marker for conformation changes of the GblIIb/Illa
receptor, increased significantly in patients taking HIV
protease inhibitors. This has not been evaluated by any
of the previous studies discussed above revealing the path-
way of platelet activation contributing to the increased risk
for cardiovascular events under HIV protease inhibitor
containing cART. Those detected changes in platelet acti-
vation deserve further attention.

The increase of PAC1 and CD62p in the visits 3 and 4
of this study in the upper 1st and 2nd quartile of patients
did not show any statistically significant correlation to any
of the documented patient’s characteristics and in this case
deserves further evaluation for reasons which weren't
recorded in this study.

However, the limitations of this study are also obvious
and therefore the results must be appraised with caution:

(1) As the number of participants in this study was
small and the observation period comparably short, long-
term evaluations of the detected effects in larger patient
populations using standardized platelet activation testing
are warranted.

(2) These studies should use means of thrombocyte
testing which are available in clinical routine, eg the
Multiplate®test, as the methods used in this study are
time- and work-intensive, expensive and vulnerable to
lab test bias.

(3) Identifying the origin and pathway of thrombocyte
activation does not mean that its cause has been identified:
Still, we have no mechanism-based proof for the role of
HIV-protease inhibitors and their chemical structures
being the reason for thrombocyte aggregation. Only, the
singular effect of the low-dose ritonavir booster, which
was coadministered together with all PIs in the PLA-I-
and PLA-II-studies could be excluded after the recent
presentation of the D:A:D study data, were ritonavir-
boosted atazanavir did not show an impact on the inci-
dence of CVE.*

Another possibility could be the activation of yet
unknown mediators of thrombocyte activation by HIV
protease inhibitors without a direct acting role of the
drugs themselves.

(4) It furthermore remains to be elucidated whether
patients with enhanced platelet activation but no presence
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of cardiovascular disease might benefit from an anti-
like
Clopidogrel'® or whether patients after CVE on a dual

platelet therapy with eg P2Y12-antagonists
anti-platelet therapy with ASS100mg/clopidogrel 75mg
should

prophylaxis.

remain on clopidogrel-based  secondary
Clinical endpoint studies ought to be performed to

evaluate this question.

Data Sharing Statement
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sponding author until 30.06.2021. Deidentified participant
data or any other study documents will not be shared due to
the European and German data safety regulations (General
Data Protection Regulation, GDPR, Art. No.3).
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