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Abstract
Objective: Pulmonary arterial hypertension (PH) is a
progressive disease with a poor prognosis that ulti-
mately leads to right ventricular failure and death. The
pathogenesis of  severe PH seems to be related to in-
flammatory responses and coagulation disturbances.
Many diseases can develop PH in their course, thus ag-
gravating their outcome. 

The objective was to investigate the values of  vas-
cular endothelial growth factor (VEGF), sP-selectin,
lipo porotein-associated phospholipase A2 (PLA2-
LDL), antiphospholipid antibodies (APLA) and their
relation with PH, in systemic lupus erithematosus
(SLE) and chronic obstructive pulmonary disease
(COPD), two conditions in which the occurrence of
PH is frequent.
Design: Prospective clinical study.
Setting: A University Department of  Internal Medi-
cine, a National Institute of  Research.
Patients: 30 SLE patients [15 patients without PH
(group I) and 15 patients with PH group II)], 30 pa-
tients with COPD [15 patients without PH (group III)
and 15 patients with PH (group IV)] and 10 healthy
controls, selected by clinical, immunological, echocar-
diographycal criteria and pulmonary functional tests.

Main outcome measures: VEGF, sP-selectin and
PLA2-LDL level in plasma and presence of  antiphos-
pholipids antibodies (lupus anticoagulant, anticardi-
olipin and anti ß2 GPI) in plasma.
Results: In patients with PH, the values of  VEGF
were significantly increased [group II (1023.1) and IV
(904.3)] compared with group I (744.2), III (356.4),
and controls (330.3). The values of  sP-selectin in
group II (9.7), and IV (10.4) were also increased com-
pared with controls (6). APLA were present in all pa-
tients in group II (100%), and in 8 patients in group
IV (53%), while in the other groups the frequency was
low (33% group I and 13% group III). PLA2-LDL ac-
tivity was higher in group II (429.1) and group IV
(394.5) than in group I (317.8), group III (343.2) and
controls (256.3).
Conclusion: PH is a severe complication in COPD and

SLE. The increased values of  VEGF, PLA2-LDL and
P-selectin in patients with long standing PH are relat-
ed to severe endothelial dysfunction and may have
prognostic values. APLA may have pathogenic value in
SLE patients with PH. APLA are possibly implicated
in the pathogenesis of  PH in these diseases. VEGF,
APLA and sP-selectin may constitute new therapeutic
targets for PH.
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lupus erithematosus, chronic pulmonary obstructive
disease, vascular endothelial growth factor, sP-selectin,
lipoporotein-associated phospholipase A2, antiphos-
pholipid antibodies. 

INTRODUCTION

Pulmonary arterial hypertension (PH) is a disease of
the small pulmonary arteries, characterized by vascular
narrowing leading to a progressive increase in pul-
monary vascular resistance. The consequence of  this
increased right ventricular overload is the failure of
the afterload intolerant right ventricule.

PH has a multifactorial pathobiology, but pulmo -
nary vascular proliferation and remodeling is a com-
mon feature for all forms of  PH. Subsequent intimal
thickening, fibrosis and in situ thrombosis lead to
plexiform lesions [1, 2].

The stimuli responsible for these processes involve
transmural pressure, growth factors, inflammatory cy-
tokines and coagulation disturbances [1]. According to
the Venice classification PH is associated with many
diseases [2]. Among them chronic obstructive pul-
monary disease (COPD) and systemic lupus erythema-
tous (SLE), two diseases quite common in the middle
aged population, develop in their course PH, a condi-
tion related with poor outcome. 

We try to investigate the values of  some biological
markers as predictors of  PH, markers that were found
to be highly expressed in inflammatory processes of
the arterial wall, in patients with SLE and COPD, 
diseases in which the occurrence of  PH is frequent 
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[3, 4].
Plasma platelet-activating factor acetylhydrolase also

known as lipoprotein-associated phospholipase A2
(PLA2-LDL) induces the release of  inflammatory me-
diators in different inflammatory conditions [5, 6, 7].

Soluble P-selectin (sP-selectin) is considered to be a
marker of  platelet activation. sP-selectin is present in
dense granules of  platelets and endothelial cells
(Weibel-Palade bodies). It is expressed only on activat-
ed cells, in response to different stimuli: hypoxia, reac-
tive oxygen species, cytokines and thrombin [8].

Vascular endothelial growth factor (VEGF) is a
multifunctional peptide capable of  inducing receptor
–mediated endothelial cell proliferation and angiogen-
esis, promoting collateral vessels formation in is-
chemic cardiac muscle. VEGF is present in pulmonary
and cardiac vasculature but may also arise from
platelets [1].

Antiphospholipids antibodies (APLA) are frequent-
ly present in SLE and also seem to be connected to
many infectious agents, inducing endothelial dysfunc-
tion and a hypercoagulable state [9, 10, 11].

MATERIALS AND METHODS

The study lot consisted in 30 patients with SLE [15
patients without PH (group I), 15 patients with PH
(group II)], 30 COPD patients [15 patients without
PH (group III) and 15 patients with PH (group IV)]
and 10 healthy controls. Patients were selected by clin-
ical and immunological criteria, ultrasonography and
pulmonary functional tests.

The normal controls were healthy, life-long non-
smoking volunteers who had no history of  lung or au-
toimmune diseases. All patients with COPD were en-
rolled using the data base of  the respiratory patients
of  Emergency Clinical Hospital “St. Pantelimon”.
They had a history of  former smoking (>20 pack-yrs)
and pre-bronhodilatator forced expiratory volume in
one second (FEV1) ≤ 80 % predicted, FEV1/FVC <
70% predicted, and previous exacerbations.

COPD patients medication consisted in theo-
phylline and in some cases in an inhaled anticholiner-
gic drug, oral or inhaled corticosteroids, anticoagulant
treatment, oxygen and statins [12, 13, 14, 15]. No pa-
tients received medication during the 12-h period pre-
ceeding the spirometric study.

SLE patients received corticosteroids, cyclophos-
phamide, hydroxycloroquine, and endothelial protec-
tion treatment (aspirin, statins, ACE-inhibitors ± anti-
coagulants) [16, 17, 18].

All patients with COPD and SLE were clinically
stable, and none had a history of  respiratory infection
for at least the 4-week period preceding the study. 

Spirometry was performed using a Yaeger spirome-
ter. Chronic airflow obstruction was defined as an
FEV1/vital capacity ratio < 70% and an FEV1 ≤ 80%
of  predicted values [19].

The diagnosis of  COPD should be considered in
any patient who has the following:

•   symptoms of  cough
•   sputum production or
•   dyspnoea or

•   history of  exposure to risk factors for the disease.
The diagnosis requires spirometry; post-bron-

chodilator FEV1/FVC < 70% confirms the presence
of  airflow limitation that is not fully reversible. 

The carbon monoxide diffusing capacity of  the
lung (DLCO) was measured only in some SLE pa-
tients. 

Patients underwent routine laboratory tests, bacteri-
ological and serological tests, immunologic determina-
tion for SLE diagnosis (-antiDNAds, -antiRo, - antiSm
antibodies and components of  complement system).

Patients with COPD were evaluated according to
standard GOLD criteria (clinical assessment, ventila-
tory functional tests and oximetry) [20].

All patients were radiologicaly evaluated to exclude
active pulmonary inflammatory processes and/or ma-
lignancies. 

ECG and echocardiography were performed for di-
agnostic to the criteria of  PH and in order to differen-
tiate between acute and chronic thromboembolic dis-
ease [21, 22, 23, 14].

PH is defined as a mean resting pulmonary artery
pressure >25mmHg or a mean pulmonary artery pres-
sure >30mmHg with exercise. The World Health Or-
ganization definition is a pulmonary artery systolic
pressure >40mmHg allowing for echographic esti-
mates [2, 14].

The results of  bacteriological and serological tests in
COPD patients with previous hospitalization for respi-
ratory tract infections were obtained from hospital files.

Patients were followed-up for a mean period of  12
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Classification of Severity of COPD

GOLD stage                   Characteristics

0: At risk                        Normal spirometry
                                       Chronic symptoms (cough, sputum
                                       production) 
I: Mild COPD                 FEV1/FVC < 70%
                                       FEV1 ≥ 80% predicted (with or 
                                       without chronic symptoms cough,
                                       sputum production)

II: Moderate COPD      FEV1/FVC < 70%
                                       50% ≤ FEV1< 80% predicted 
                                       (with or without chronic symptoms:
                                       cough, sputum production)

III: Severe COPD           FEV1< 70%
                                       30% ≤ FEV1/FVC <50% predicted
                                       (with or without chronic symptoms:
                                       cough, sputum production)

IV: Very severe COPD   FEV1 /FVC < 70%
                                       FEV1 <30% predicted or
                                       FEV1 < 50% predicted plus chronic
                                       respiratory failure

*FVC forced vital capacity; FEV1 forced expiratory volume in
one second;
Respiratory failure: arterial partial pressure of oxygen (PaO2)
less than 60mmHg (8.0kPa) and or without arterial partial
pressure of CO2 (PaCO2) higher than 50mmHg (6,7kPa),
while breathing air at sea level.



months, with two sequentially determinations of  clini-
cal, echographic and biological parameters. 

BIOCHEMICAL ASSAY

All plasma samples were frozen and stored at -80 °C
until analysis.

PLA2-LDL activity was measured using the spec-
trophotometric method described by Kosaka et al. us-
ing the Azwell Auto PLA2-LDL kit [24]. Enzymatic
activity was measured by the change in absorbance dif-
ference between 405 and 505 nm, and it is expressed
as IU/L. 

VEGF and sP-selectin were measured with com-
mercial ELISA kit (R&D Systems, Germany) and the
results were expressed as pg/ml and ng/ml.

Determination of antiphospholipid antibodies
(APLA) included: lupus anticoagulant – coagulation
test LAC screen and test LAC confirm (+ >1.5); anti-
cardiolipin (+ >23GPLu, >11MPLu) and anti-β2 GPI
antibodies (+ >20ui/ml) with commercial ELISA kit
(BIORAD, USA); C3 and C4 with nephelometric

method using Proton (UK) reagent.

STATISTICAL ANALYSIS

All values are presented as mean ± standard deviation
(SD). The statistical analysis was performed with the
SPSS statistical package. The significance of  correla-
tions was evaluated by determining Spearman's rank
correlation coefficients. A two-tailed p-value < 0.05
was considered significant. 

RESULTS

Basic characteristics of  the 30 COPD patients and 30
SLE patients are shown in (Table1).

APLAs were present in group IV patients, mainly in
those patients with recent infections (from 12 COPD
patients with APLA, 8 patients had PH and previous re -
spiratory infection with Chlamydia pneumoniae, Strep   -
tococcus pneumoniae and Haemophylus influenzae).
All SLE patients with PH were positive for APLA.
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Table 1. Basic characteristics of patients.

variable                            SLE (gr. I )                      SLE (gr. II)                      COPD (gr. III)                COPD (gr. IV)

mean age                         35 ± 15                            45 ± 10                            60 ± 15                            67 ± 12
gender F/M                    12/3                                11/4                                4/11                                7/8
smoking                          2 (13%)                           3 (20%)                           15(100%)                         12 (80%)
HTA*                              3(20%)                            8(53%)                            4(27%)                            5 (33%)
HF*                                 0                                     2 (13%)                           0                                      8 (53%)
FEV1* < 60%                 0                                      1 (6,6%)                           5 (33%)                           9 (60%)
DLco <75%                    0                                      4 (26,6%)                         ND                                  ND
SaO2 <90%                    0                                      3 (20% )                           5 (33%)                           9 (60%)
APLA                              5 (33%)                           15 (100%)                        2 (13%)                           8 (53%)

*arterial hypertension-HTA, heart failure-HF, FEV1-forced expiratory volume in 1 sec.

Table 2. Clinical and laboratory characteristics and treatment of patients with SLE.

Characteristics                                                                 Gr.I                                  GrII
SLEDAI score                                                             3,9 ± 1.9                           4,2 ± 1.6
Raynaud‘s phenomenon (%)                                         3 (20%)                             4 (26%)
Articular involvement                                                  11 (73%)                            9 (60%)
Cardiac involvement                                                     4 (26%)                             7 (46%)
Cerebrovascular disease (%)                                         3 (20%)                             2 (13%)
Pulmonary involvement (other that PH)                      4 (26%)                             3 (20%)
Renal involvement                                                        3 (26%)                             3 (20%)
C4 (mg/l)                                                                   0,141 ± 0.07                     0,125 ± 0.015
Anti-DNAds (%)                                                              9                                      10
Anti-Sm (%)                                                                      2                                      0
Anti-Ro (%)                                                                      6                                      7
Anti-cardiolipin (%)                                                      3 (20%)                             7 (46%)
Anti b2 GPI (%)                                                            1 (6 %)                              2 (13%)
Lupus anticoagulant (%)                                               4 (26%)                            11 (73%)
Treatment                                                                                                                     
Prednisone                                                                       100                                    100
Cyclophosphamide (%)                                                    13                                     26
Hydroxychloroquine (%)                                                 100                                    100
Aspirin (%)                                                                       100                                    100



Clinical and laboratory characteristics and treatment
of  patients with SLE are presented in Table 2.

Gold stages of  COPD patients are presented in
Table 3.

VEGF levels were increased in patients with PH
(group II and group IV) especially in COPD patients,
compared to patients without PH (group I and group
III) and controls (Table 4).

During the follow up period, patients with stable or
progressive PH, worsening HF, and progressive severe
COPD displayed increased values of  VEGF after se-
quential determination (Table 4, Fig 1). Similar results
were obtained in SLE patients with long-standing PH
(Table 4, Fig 2).

Compared with controls, COPD and SLE patients,
but mainly SLE patients with PH, showed an increase
in the level of  PLA2-LDL (Table 4). 

Elevated serum sP-selectin levels were observed in
SLE and COPD patients with PH (group II and group
IV), compared to controls and to patients without PH
(group I and group III) (Table 4). A significant corre-
lation was observed between VEGF and sP-selectin in
COPD patients with long standing PH (Fig.3).

Evolution: 
In SLE patients, from group I, 12 patients remained

stable and 3 had active disease with flare up episodes.
In group II, 9 patients remained stable, 5 had flare up
episodes (3 with increased pulmonary artery pressure
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Table 3. GOLD stages of COPD patients.

COPD stages            Gr.III              Gr.IV 
0 :at risk                        -                       -
I : mild                          7                      4
II : moderate                 3                      2
III : severe                    4                      6
IV : very severe             1                      3

Table 4. Mean value and standard deviation for VEGF, PLA2-DL d sP-selectin.

group                                         parameter                                                               Mean value ± SD
                                                                                                     First determination                      Second determination

Control                                      VEGF                                        330.3 ± 84.16
                                                  PLA2-LDL                                256.3 ± 65.11
                                                  sP-selectin                                  6 ± 2

Group I                                      VEGF                                        744.2 ± 425.1                             450.2 ± 104.06
                                                  PLA2-LDL                                317.8 ± 109.04                           345.5 ± 9.12
                                                  sP-selectin                                  7.9 ± 3.9                                     7 ± 3.2

Group II                                    VEGF                                        1023.1 ± 259.07                         680.4 ± 134.04
                                                  PLA2-LDL                                429.1 ± 111.01                           345.6 ± 92.6
                                                  sP-selectin                                  9.7 ± 5.9                                     7.8 ± 3.4

Group III                                   VEGF                                        356.4 ± 94.51                             380.9 ± 112.40
                                                  PLA2-LDL                                343.2 ± 94.51                             369.8 ± 125.4
                                                  sP-selectin                                  7.8 ± 3.6                                     7 ± 2.3

Group IV                                   VEGF                                        904.3 ± 423.6                             791.5 ± 431
                                                  PLA2-LDL                                394.5 ± 108.48                           352 ± 96.23
                                                  sP-selectin                                  10.4 ± 3.9                                   9.5 ± 3.2

Fig 1. The relationship between VEGF activity and PH
(group IV). 

Fig 2. The relationship between VEGF activity and PH
(group II). 



compared to basal values) and 1 patient had an acute
coronary syndrome (unstable angina).

In COPD patients, from group III, 10 patients re-
mained stable, 3 patients improved their clinical state
and pulmonary functional tests and 2 aggravated their
clinical symptoms and displayed decreased pulmonary
functional tests. 

In group IV, 6 patients were stable, 5 patients had
episodes of  worsening HF, and 4 patients developed
transient acute respiratory insufficiency (in situ throm-
bosis) with transient increase of  pulmonary artery
pression.

DISCUSSION

The pulmonary circulation is a low–pressure, high-
flow system with a great capacity for recruitment of
normally unperfused vessels. As a consequence, the
walls of  pulmonary arteries are thin, in keeping with
their low transmural pressure [1]. Regardless of  the
etiology, PH appears as an extremely serious condition
that is difficult to identify early owing to the insidious
nature of  early–stage symptoms.

Endothelial dysfunction is a key event of  PH
pathophysiology, leading to complex vascular distur-
bances. Endothelial cells express markers of  angiogen-
esis, such as VEGF and its receptors [1, 2, 25].

The results of  this study show an increased level of
VEGF in serum of  patients with moderate and severe
COPD associated with long standing PH, and normal
levels in COPD patients without PH. COPD is associ-
ated with structural and functional changes in the pul-
monary circulation that commence at an early stage [3,
26, 28]. VEGF is mainly implicated in the maintenance
of  vascular endothelial cell function and in vascular
cell proliferation. Some of  these functions are per-
formed through NO-dependent mechanisms [29]. It
was hypothesized that in the early stages of  COPD,
VEGF might have contributed to the structural re-
modeling of  pulmonary arteries, presumably by en-
hancing the proliferation and intimal migration of
SMCs [26, 27, 28, 30]. In COPD patients the
macrophage VEGF transcription may be stimulated by
ROS generated by activated neutrophiles as a possible
consequence of  frequent exacerbations [30, 31].

Recent studies have shown increased expression of
VEGF and its receptors in endothelial cells and in inti-

mal and medial vascular smooth muscle in COPD pa-
tients. An increased VEGF level was also observed in
serum and in induced sputum of  COPD patients [32].
In severe COPD, a loss of  lung tissue may be correlat-
ed with a low concentration of  VEGF in plasma and
in induced sputum [27, 29, 33]. 

VEGF and its receptors may be associated with ep-
ithelial cell viability during airway wall remodeling [32,
33]. However, further studies are needed to clarify the
role of  VEGF at different stages of  COPD with and
without PH.

In SLE patients the levels of  VEGF were increased
in both groups of  patients, reflecting diffuse and con-
tinuous endothelial damage and possibly some partici-
pation in the inflammatory process [9, 25]. Endothelial
dysfunction and impaired NO synthesis, which are
present in smokers and in patients with mild COPD
and SLE may facilitate the up-regulation of  VEGF in
pulmonary vessels [29, 32]. The degree of  lymphocytic
infiltrate is correlated with the extent of  intimal thick-
ening [32]. However it is unknown, to what extent
these recruited inflammatory cells are a cause or a
consequence of  vascular remodeling. Conceivably, in-
flammatory stimuli related to flare up episodes in SLE
or to exacerbation of  COPD could be potential trig-
gers for VEGF up-regulation at initial stages of  the
process. Many inflammatory mediators have been
shown to induce VEGF mRNA and protein expres-
sion [32]. Inflammatory cells (macrophages, neu-
trophiles, lymphocytes) contribute to endothelial le-
sions by increasing oxidative stress and prothrombotic
environment – aggravating hypoxia. Oxidative stress
leads to free radical attack on DNA, lipids, and pro-
teins [33]. In both diseases, PLA2-LDL is increased
compared to controls, but especially in SLE patients
with PH, possibly reflecting more endothelial damage.
Increased levels of  PLA2-LDL may be an evidence of
increased production of  platelets activating factor
(PAF), and also an increased oxidative stress, repre-
senting a link between inflammation and hypoxia [5,
6].

Thrombotic lesions and platelets dysfunction are
potentially important processes in PH. Increased lev-
els of  sP-Selectin were observed in SLE and COPD
patients with PH, reflecting pulmonary endothelial
damage and platelet activation [34, 35]. The results of
our study showed a significant relationship between
VEGF and sP-selectin in patients with COPD and
long-standing PH. This fact may be related to persis-
tent platelet activation [36]. The presence of  high lev-
els of  VEGF and PAF (reflected by PLA2-LDL) in
patients with PH could increase the inflammatory
processes by exacerbating the adhesion of  neu-
trophiles to activated endothelial cells [37]. In PH,
platelets present dysfunctions, and release various pro-
coagulant factors. Moreover, there are described en-
hanced interactions between platelets and vessels wall,
contributing to microvascular damage. Selectin –medi-
ated adhesion of  leukocytes to the vascular endotheli-
um is a key early event in the initiation of  the inflam-
matory response. However, in situ thrombosis and
platelet dysfunction may be at the same time the cause
and the consequence of  PH. 

APLA are involved in pathogenesis of  PH in pa-
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Fig 3. The relationship between VEGF activity and sP-se-
lectin (group IV).



tients with SLE, reflecting severe endothelial dysfunc-
tion and long standing inflammation [43, 44, 45]. In
COPD patients, APLA were present mainly in those
patients with previous infections. It is well known that
infection may be a trigger for the induction of  patho-
genic APLA, associated with severe clinical thrombot-
ic events [10, 11]. These autoantibodies induced by
frequent exacerbation of  COPD may play an impor-
tant role in enhancing endothelial damage leading to
PH. APLA and selectin may be targets for therapeutic
interventions in patients with PH [40, 41, 42]. The
outcome of  patients with PH is better in SLE, than in
COPD, possibly due to the reversibility of  the inflam-
matory processes as a result of  specific immunomodu-
latory associated treatment [17, 18, 46].

CONCLUSIONS

PH is a common and severe complication in SLE and
COPD. In both diseases patients with PH showed in-
creased values of  VEGF, PLA2-LDL and sP-selectin,
supporting the evidence that diffuse endothelial dam-
age and platelet activation is associated with long
standing PH, more severe disease and poorer out-
come. PLA2-LDL, reflecting PAF levels and increased
oxidative stress, is considered to be a link between hy-
poxia, inflammation and endothelial dysfunction.
APLA may be implicated in the pathogenesis and pro-
gression of  PH in both diseases. The assay of  these
biomarkers may have important prognostic value and
some of  them are possible therapeutic targets.
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