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Rheumatoid arthritis (RA) is a chronic inflammatory disease with

increased risk of cardiovascular events and mortality that can be attributed

to accelerated atherosclerosis. This pilot study aimed to investigate if

changes in blood parameters were compatible with atherosclerotic events in

RA patients. To this aim, 45 RA women (aged more than 18 years), and

25 age and gender-matched healthy donors (HD) were included. Biomark-

ers of oxidative stress, platelet activation and platelet aggregation were

analysed in RA patients at baseline and after six months of treatment with

disease modifying anti-rheumatic drugs (DMARDs). Flow cytometry anal-

ysis revealed that ca. 4% of platelets was in activated state (evaluated in

term of Annexin V and PAC-1 positivity) in RA patients at baseline, and

that the 76% of platelets displayed mitochondrial hyperpolarization. More-

over, platelets from RA patients at baseline aggregated more than those

from HD after whole blood treatment with adenosine diphosphate. Inter-

estingly, platelet aggregation in patients at baseline positively correlated

with disease activity measured by DAS28 score. After six months of treat-

ment with DMARDs, platelet activation and platelet aggregation reached

values comparable to those of HD. Our preliminary data suggest that pla-

telets might play an active role in the atherosclerosis occurring in RA

patients.

Rheumatoid arthritis (RA) is a chronic inflammatory

disease with autoimmune pathogenesis and is associ-

ated with a significantly increased risk of cardiovascu-

lar mortality, mainly attributed to accelerated

atherosclerosis [1]. This latter is more prevalent in RA

than in the general population, and atherosclerotic

lesions progress at a faster rate and might be more

prone to rupture leading to clinical events [2,3].

Although risks factors such as age, gender, smoking,

hypertension or type-2 diabetes have been evoked, the

actors underlying the accelerated atherosclerosis in RA

remain unclear. Atherosclerosis is a dynamic inflam-

matory process beginning with endothelial activation

and followed by leukocyte recruitment, lipid oxidation

and culminating with plaque destabilization and

thrombosis [4,5]. In this context, endothelial dysfunc-

tion is a pivotal early step in atherosclerosis and it was

defined as an abnormal response of the vascular wall

to physiological stimuli [6]. Platelets play a major role

in the maintenance of endothelial integrity and home-

ostasis and represent an important linkage among

inflammation, atherogenesis and thrombosis [7]. They
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contain a-granules rich in inflammatory cytokines,

vasoactive substances, chemokines and stimulators

aggregation, which are abundantly released upon pla-

telet activation. Some of these agents propagate

inflammation, increase vascular permeability and

destroy cells at inflamed sites [8]. Platelet activation

can be enhanced by inflammatory mediators derived

from leukocytes [9]. Activated platelets exert a pro-

inflammatory action that can be largely ascribed to

their ability to interact with monocytes [10], and take

part in the switch from chronic inflammatory to pro-

thrombotic conditions due to their crosstalk with

leukocytes, endothelium and coagulation system. Evi-

dence for platelet activation in RA patients has been

observed in both synovial fluid and blood samples

[11]. Compared with healthy individuals, increased

levels of soluble platelet activation markers, CD40L

and P-selectin, are reported in patients with RA [12].

Moreover, upon activation, platelets release pro-

inflammatory platelets microparticles (pMPs) whose

levels are associated with disease activity in RA [13].

The major goal of this work was to evaluate if

changes in platelet (dys)function reflect increased risk

of atherosclerosis in patients with RA. To this aim, a

pilot study in peripheral blood from 45 RA patients at

baseline and after six months of treatment with disease

modifying anti-rheumatic drugs (DMARDs) was per-

formed. Specifically, molecules involved in platelet

activation and platelet aggregation were analysed

before and after therapy with DMARDs.

Results and Discussion

In the pilot study, 45 women with RA (median age

44 years) and 25 age- and gender-matched healthy

donors (HD) were included. RA patients were clus-

tered into two study groups. The former included 23

patients with a mean disease duration of 24 weeks

(range 5–48) and high-moderate disease activity (dis-

ease activity score 28, DAS28 4.7 � 1.0). The latter

integrated 22 RA patients characterized by a mean dis-

ease duration of 144 weeks (range 68–324) and DAS28

value of 4.3 � 10.8. Patients at baseline are named

RA-T0. The groups were treated, respectively, with

Methotrexate and anti-TNF-alfa as disease modifying

anti-rheumatic drugs (DMARDs) and monitored in a

6 months long survey. Patients after the treatment are

referred as RA-F.U. (RA-follow-up).

In RA-F.U., disease activity was significantly

reduced in both Methotrexate- (DAS28 = 3.2 � 1.0)

and anti-TNF-alfa-treated (DAS28 = 2.9 � 0.5) groups.

RA systemic inflammation is associated with endothe-

lial damage and accelerated atherosclerosis [14,15]. By

using flow cytometry, the mitochondrial membrane

potential (MMP) in platelets from both RA-T0 and

RA-F.U. patients was measured. As shown in Fig. 1A,

RA-T0 patients showed a significantly (P < 0.01)

higher percentage of platelets (76%) with hyperpolar-

ized mitochondria membrane (HMM) as compared to

healthy donors (30%). Interestingly, in treated patients

the percentage of platelets with HMM decreased sig-

nificantly (P < 0.05) to values comparable to those

measured in HD (44% vs 30%). Typical flow cytomet-

ric measure of HMM in platelets from representative

HD (left panel), RA-T0 (middle) and RA-F.U. (right)

are in Fig. 1B. During endothelial dysfunction or

under pathological conditions, reactive oxygen species

(ROS) production increases and the platelets respond

with specific biochemical and morphological changes.

In this context, mitochondria play a key role, being

able to both generate ROS driving redox-sensitive

events, and respond to ROS- mediated changes of the

cellular redox state [16]. Given that HMM involves an

increased production of ROS, the levels of hydrogen

peroxide (H2O2) in platelets were measured by using

flow cytometry. As shown in Fig. 1C, the levels of

H2O2 measured in platelets from RA-T0 were signifi-

cantly (P < 0.05) higher with respect to those mea-

sured in HD. At the follow-up, H2O2 levels dropped

significantly (P < 0.05) and reached values even below

those measured in HD. Typical flow cytometric mea-

sure of H2O2 levels in platelets from representative

HD and RA patients (RA-T0 and RA-F.U.) are

shown in Fig. 1D. In order to assess whether H2O2

production could lead to redox alterations within the

platelets, total thiol levels were measured. As shown in

Fig. 1E the total thiol content decreased significantly

(P < 0.01) in platelets from RA-T0 patients with

respect to those from HD. Interestingly, in RA-F.U.

the total thiol content increased significantly

(P < 0.05) with respect to those measured in platelets

from RA-T0 patients and reached values higher than

those measured in platelets from HD. Typical flow

cytometric measure of total thiol content in platelets

from a representative HD and a representative RA

patient (RA-T0 and RA-F.U.) are in Fig. 1F.

In order to determine platelet activation by mito-

chondrial hyperpolarization and H2O2 generation,

phosphatidylserine (PS) externalization, surface

P-selectin and activation of integrin GP aIIbb3 were

measured by flow cytometry. PS is one of the four

major phospholipids distributed symmetrically in the

bilayer of cell plasma membrane and is normally con-

fined to the membranes inner leaflet. When exposed on

the outer membrane surface of activated platelets, PS

mediates platelet pro-coagulant function and regulates
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platelet life span [17]. PS causes coagulation and

thrombosis by providing a suitable surface for assem-

bly of the pro-thrombinase complex, which converts

prothrombin to thrombin [18]. P-selectin is stored in

a-granules in the inner of platelets and it is expressed

on the platelet surface after activation. It is also

important in platelet–leukocyte interaction [19]. In

fact, through P-selectin, platelets bind to the P-selectin

Fig. 1. Oxidative stress and mitochondria in platelets from RA patients. Flow cytometry evaluation of: (A) Percentage of platelets with

hyperpolarized mitochondria membrane (HMM); (C) Levels of hydrogen peroxide (H2O2); and (E) Levels of total thiol content. The numbers

refers to mean � SD of 45 women with RA, baseline (RA-T0) and six months after DMARDs treatment (RA-F.U.), and 25 age- and gender-

matched healthy donors (HD). In B, typical flow cytometric measure of HMM in platelets from HD (left panel), RA-T0 (middle) and RA-F.U

typical subjects. In D, typical flow cytometric measure of H2O2 levels in platelets from HD and RA (RA-T0 and RA-F.U.) representative

patients. In F, typical flow cytometric measure of total thiol content in platelets from a representative HD and a representative RA patient

(RA-T0 and RA-F.U.). For each patient, flow cytometry analysis was conducted in triplicate. Bar graph showing the results obtained in three

independent experiments and reported as mean � SD of the median fluorescence intensity. The Student’s t test was performed.
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glycoprotein ligand 1(PSGL-1 or CD162) on leuko-

cytes, and multicellular aggregates, which promote the

release of chemokines and cytokines further activating

leukocytes and promoting atherosclerosis. Platelet

P-selectin is also required for the initial ‘rolling’ of

activated platelets on accelerating atherosclerosis

atherosclerotic arteries [20]. Moreover, it has been

shown that circulating de-granulated platelets rapidly

lose their surface P-selectin into the plasma pool [21].

Elevated level of soluble P-selectin (sP-selectin) has

been suggested to represent not only a biomarker of

inflammation but, also, an active player in the process.

It has been suggested that this could enhance pro-coa-

gulant leukocyte microparticle generation and integrin

activation accelerating atherosclerosis [22,23]. Integrin

aIIbb3 is platelet fibrinogen receptor that plays a vital

role in platelet thrombus formation because it is

required for platelet–platelet interactions [24]. Integrin

aIIbb3 may also contribute to primary platelet adhe-

sion to the exposed sub-endothelial matrices and possi-

bly also to activated endothelial cells [25]. Few studies

highlighted the role of platelets in RA and particularly

in the early phase of disease. As shown in Fig. 2A, in

RA-T0 patients the percentage of platelets with PS

externalization (Annexin V positives) was significantly

(P < 0.05) higher than that measured in HD. At the

follow-up, this percentage significantly (P < 0.05)

decreased and reached values similar to those mea-

sured in HD. In Fig. 2B dot plots showing platelets

from HD (left panel), RA-T0 (middle) and RA-F.U.

(right) representative patients are shown. The numbers

represent the percentage of Annexin V single positive

cells (bottom right quadrant). Conversely, in RA-T0

patients the percentage of platelets with P-selectin at

the cell surface was significantly lower in comparison

to that detected in HD (P < 0.001, Fig. 2C). In RA-

F.U., the percentage of platelets with P-selectin at the

cell surface increased and reached values similar to

those measured in HD. Typical flow cytometric mea-

sures of P-selectin, in platelets from HD (left panel),

RA-T0 (middle) and RA-F.U. (right) representative

patients are shown in Fig. 2D. As for GP aIIbb3 acti-

vation (evaluated in term of PAC-1 positivity) we

found that in RA-T0 patients the percentage of plate-

lets positive to PAC-1 was significantly (P < 0.05)

higher with respect to that detected in HD (Fig. 2E).

This population of platelets was also high at the fol-

low-up. Typical flow cytometric measures of PAC-1 in

platelets from HD (left panel), RA-T0 (middle) and

RA-F.U. representative patients (right) are shown in

Fig. 2F. The plasmatic levels of sP-selectin were

measured by using an immunoassay kit. As shown in

Fig. 3A (left panel), we found that the levels of

sP-selectin were significantly higher (P < 0.05) in

RA-T0 patients than those measured in both HD and

RA-F.U. Interestingly, high levels of sP-selectin associ-

ated were with decreased contents of P-selectin inside

the platelet of RA patients. Specifically, the P-selectin

content in platelets from RA-T0 patients was signifi-

cantly (P = 0.001) lower than that measured in platelets

from HD and raised at comparable levels to the healthy

controls after DMARDs treatments (Fig. 3A, right

panel). We further investigated P-selectin distribution

inside platelets by using immunofluorescence analysis.

In Fig. 3B two representative images obtained by

immunofluorescence microscopy showing P-selectin

content in platelets from HD (left panel) and RA (right)

patient are depicted. Platelet–platelet and platelet–
leukocyte adhesion is crucial in atherosclerosis and

thrombus formation. As a consequence, the platelet

aggregation was measured in the whole blood from RA

patients and HD after the addition of adenosine diphos-

phate (ADP; 6.5 lM) and collagen (3.2 lg�mL�1). ADP
is a platelet physiological agonist released from erythro-
cytes and platelets that, under physiological conditions, trig-
gers platelet clotting via the P2Y12 [7,26]. Collagen is
also a platelet agonist that, under physiological conditions,
triggers platelet aggregation via the glycoprotein (GP) VI
transmembrane receptor. As shown in Fig. 4A, platelets
from RA-T0 patients aggregated significantly (P < 0.05)
more than those from HD and RA-F.U. patients after ADP
addition. Interestingly, a very strong (r = 0.95, P < 0.001)
and strong (r = 0.87, P < 0.001) correlations between pla-
telet aggregation and active disease (DAS28) was scored in
RA-T0 and RA-F.U. samples, respectively (Fig. 4B,C).

Overall, these data confirm the key role of the plate-

let aggregation in RA and may explain the higher inci-

dence of atherosclerosis in RA affected patients than

in general population. Conversely, after collagen addi-

tion no differences were detected in aggregation of pla-

telets from patients at RA-T0 and RA-F.U. respect to

that in HD (539 vs 517 = values expressed in arbitrary

aggregation units) (data no shown). Although the sam-

ple size was small, the two patient cohorts (patients

treated with Methotrexate and patients treated with

anti-TNF-alfa) were analysed separately. No signifi-

cant differences were detected at baseline. Conversely,

biologic therapy exerted a greater effect on platelet

aggregation induced by ADP agonist than that

observed for Methotrexate. In particular, ADP-

induced platelet aggregation was reduced by 19% in

patients treated with Methotrexate and by 27% in

patients treated with the biologic therapy. No differ-

ences were detected in the percentage of platelets

expressing surface integrin aIIbb3 (evaluated in term

of PAC-1 positivity) and phosphatidylserine (evaluated

1891FEBS Open Bio 8 (2018) 1888–1896 ª 2018 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

R. Vona et al. Risk of atherosclerosis in rheumatoid arthritis



in term of Annexin V positivity) upon DMARDs

treatments (see Fig. S1).

On the basis of these data, it can be hypothesized

that biologic therapy acts mainly on the aggregation

of circulating blood cells, which in turn lead to

the activation of leukocytes and promoting

atherosclerosis mediated by chemokines and cytoki-

nes release.

In conclusion, during RA endothelial dysfunction,

the platelets respond with specific biochemical and

morphological changes, including increased of HMM,

ROS production and PS externalization, which medi-

ate platelet pro-coagulant functions. Moreover, our

results indicate that biologic therapy reduces the

amounts of platelets expressing surface P-selectin and

the capacity of platelets to aggregate after stimulation

Fig. 2. Molecules involved in platelet activation. Evaluation by flow cytometry of platelet positives to: (A) Annexin V; (C) P-selectin (CD62)

and (E) PAC-1. The numbers are the mean � SD of 45 women with RA (RA-T0 and RA-F.U.) and 25 age- and gender-matched healthy

donors (HD). The Student’s t test was performed. For each patient, flow cytometry analysis was conducted in triplicate. For each molecule,

analysis of platelets from a representative HD and a representative RA patient (RA-T0 and RA-F.U.) are shown in B, D and F).
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with ADP. Our data had shown a very strong correla-

tion between platelet aggregation and active disease,

suggesting that platelets may play a key role in the

atherosclerosis occurring in RA patients. Finally, fur-

ther studies on larger patient cohorts are required to

verify such hypothesis.

Fig. 3. Platelet shedding and aggregation. (A, left panel) Spectrophotometric analysis of soluble P-selectin in the plasma from HD and RA

patients (RA-T0 and RA-F.U.). (A, right panel) Flow cytometry analysis of P-selectin inside the platelets from HD and RA patients (RA-T0 and

RA-F.U.). The numbers are the mean � SD of 45 women with RA (RA-T0 and RA-F.U.) and 25 age- and gender-matched healthy donors

(HD). For each patient, flow cytometry analysis was conducted in triplicate. The Student’s t test was performed. (B) Two representative

images obtained by immunofluorescence microscopy showing content and distribution of P-selectin in platelets from a HD (left panel) and a

RA patient (right panel).

Fig. 4. Platelet aggregation and DAS28

correlation. (A) Platelet aggregation

evaluated in the whole blood from HD and

RA patients (RA-T0 and RA-F.U.). The

measurement was carried out after

addition of 6.5 lMol ADP by an

impedance multiplate aggregometer. The

values are expressed in arbitrary

aggregation units (AU). For each patient,

platelet aggregation was conducted in

triplicate. Bar graph showing the results

obtained and reported as mean � SD. The

Student’s t test was performed. (B)

Correlation evaluated in early RA patients

at baseline (RA-T0) (left panel) and in early

RA patients at F.U. (right panel). Pearson’s

correlation analysis was performed.
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Experimental procedures

Study design

In our study, 45 women (aged more than 18 years) with

RA, diagnosed according to 2010 ACR (criteria from Early

Athritis Clinic of Rheumatologia), and 25 healthy subjects

(HD) age matched, were recruited at the Department of

Internal Medicine and Medical Specialities of Sapienza

University of Rome. The study was reviewed and approved

by the Local Ethical Committee at the Sapienza University,

and a written informed consent was obtained from all

patients. All clinical investigations have been conducted

according to the principles expressed in the Declaration of

Helsinki. Complete clinical examination and clinometric

assessment by DAS28 (a composite measure of RA inflam-

matory disease activity) [27] have been performed in all

patients. We considered exclusion criteria: smoking, hyperc-

holesterolaemia, arterial hypertension, presence of cardio-

vascular diseases, type 1 and 2 diabetes, cancer, use of

platelet aggregation inhibitors, anticoagulant drugs and all

anti-inflammatory non-steroidal drugs. The study was con-

ducted in 2 years and patients were assessed at baseline

and after 6 months follow-up.

Platelet isolation

Fresh whole blood samples were collected in acid-citrate-

dextrose tubes (ACD; NIH formula A), and immediately

centrifuged at 200 g for 12 min at room temperature to sep-

arate platelet-rich plasma (PRP). Additional ACD was

added (one part ACD per three parts PRP) and platelets

were pelleted at 800 g for 15 min as previously reported [28].

Plasma isolation

For plasma isolation, blood was centrifuged at 3000 g for

10 min at room temperature. Plasma was removed, ali-

quoted and frozen until analyses.

Mitochondrial membrane potential

The MMP of platelets was studied using 5-5¢,6-6¢-
tetrachloro-1,1¢,3,3¢ tetraethylbenzimidazol- carbocyanine

iodide (JC-1; catalogue number: T-3168, Molecular Probes,

Eugene, OR, USA) as previously described [29].

Evaluation of the redox state

To evaluate H2O2 production, platelets were incubated

with 10 lmol�L�1 dihydrorhodamine 123 (DHR 123,

Molecular Probes) for 15 min at 37 °C [30]. Intracel-

lular content of total thiols was explored by using 5-chlor-

omethylfluoresceindiacetate (CMFDA; Molecular

Probes). Samples were then analysed using a fluorescence-

activated cell-sorting (FACS) flow cytometer (Becton Dick-

inson, Mountain View, CA, USA). The median values of

fluorescence intensity histograms were used to provide

semi-quantitative evaluation of reduced thiol content and

H2O2 production.

Platelet activation

Annexin V positive platelets were detected by using fluores-

cein isothiocyanate- conjugated Annexin V, which labels

platelets with phosphatidylserine externalization.

For P-selectin (CD62) and PAC-1 detection samples were

stained at 4 °C for 30 min with monoclonal anti-CD62

IgG-Phycoerythrin-conjugated and monoclonal anti PAC-1

IgG-FITC-conjugated (Becton Dickinson), respectively.

Detection of P-selectin inside the platelets

For P-selectin detection, samples were fixed with 4%

paraformaldehyde, permeabilized with 0.5% Triton X-100

(Sigma, Milan, Italy) and stained with a specific monoclonal

antibody IgG FITC-conjugated (Chemicon International,

Inc., Temecula, CA, USA) [31]. Finally, all samples were

analysed with an OLYMPUS BX51 fluorescence micro-

scope equipped with a CCD camera (Carl Zeiss, Jena,

Germany). Alternatively, platelets were also analysed on a

FACScan flow cytometer (Becton Dickinson) for quantita-

tive analyses.

Detection of soluble P-selectin

sP-selectin was measured in the plasma by using the

Human sP-selectin (R&D Systems, Minneapolis, MN,

USA) commercial immunoassay Kit.

Platelet aggregation

Platelet aggregation was evaluated in the whole blood from

HD and RA patients. The measurement was carried out

after the addition of 6.5 lMol ADP (Dynabyte, Munich,

Germany) or 3.2 lg�mL�1 collagen (Dynabyte) by using an
impedance multiplate aggregometer.

Statistical analyses

Cytofluorimetric results were statistically analysed by using

the parametric Kolmogorov–Smirnov test using CELL QUEST

Software (San Jose, CA, USA). A least 20 000 events were

acquired. The median values of fluorescence intensity his-

tograms were used to provide a semi-quantitative analysis.

Results are displayed as average value � standard devia-

tion, unless otherwise specified. Statistical analysis was per-

formed with the statistical package Prism 6 (GRAPHPAD

Software, La Jolla, CA, USA). The Student’s t test and the
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Pearson’s correlation analysis were performed. Statistical

significance was set at P < 0.05.
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