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Objective  To investigate the prevalence of anti-endothelial cell antibodies (AECAs) in the sera of 

connective tissue diseases (CTD) patients with pulmonary arterial hypertension (PAH) and its correlation 

with clinical manifestations.  

Methods  AECAs in sera of 39 CTD patients with PAH, 22 CTD patients without PAH, and 10 

healthy donors as controls were detected with Western blotting. The prevalence of different AECAs in differ-

ent groups was compared and its correlation with clinical manifestations was also investigated.  

Results  The prevalence of AECAs was 82.1% in CTD patients with PAH, 72.7% in CTD patients 

without PAH, and 20.0% in healthy donors. Anti-22 kD AECA was only detected in CTD patients with PAH 

(15.4%). Anti-75 kD AECA was more frequently detected in CTD patients with PAH than in those without 

PAH (51.3% vs. 22.7%, P<0.05). In CTD patients with PAH, anti-75 kD AECA was more frequently de-

tected in those with Raynaud’s phenomenon or with positive anti-RNP antibody.  

Conclusion  AECAs could be frequently detected in CTD patients with or without PAH, while an-

ti-22 kD and anti-75 kD AECA might be specific in CTD patients with PAH. 
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ULMONARY arterial hypertension (PAH) is a chro- 

nic disease of pulmonary circulation with latent 

severe damage, and it has puzzled the clinicians 

for many years. Since World Health Organization 

(WHO) reclassified PAH in 2003, connective tissue diseases 

(CTD) have been paid more attention as the important 

correlated diseases of PAH. Systemic sclerosis (SSc), 

systemic lupus erythematosus (SLE), and mixed connec-

tive tissue disease (MCTD) are major associated ones, of 

which, the morbidity can reach 5%-32%. The prognosis of 

CTD with PAH is relatively poor, so early diagnosis and 

interventions are thought to be important to improve the 

prognosis. Some specific biological markers might be 

helpful for early diagnosis. Researches on SSc, SLE, and 

MCTD with cyto-enzyme-linked immunosorbent assay 

(cyto-ELISA) showed that anti-endothelial cell antibodies 

(AECAs) were more frequently found in patients with PAH 

than those without PAH.1,2 Advanced research with West-

ern blotting revealed that AECAs from patients with SSc 

were bound to two major bands (75 kD and 85 kD), but the 

relationship with PAH was still uncertain.3 In this study, we 

investigated the prevalence of AECAs in the sera of CTD 

patients with PAH by Western blotting and its correlation 

with clinical manifestations, trying to find out specific 

AECAs from CTD patients with PAH. 

PATIENTS AND METHODS 

Patient enrollment 

CTD patients admitted to Rheumatology Department of 

Peking Union Medical College Hospital between January 

1999 and May 2006 were enrolled. All of them were 

screened by Doppler echocardiography for PAH, and PAH 

was defined as systolic pulmonary artery pressure 

(sPAP)>40 mm Hg. According to whether they had PAH, 

the CTD patients were classified as study group (PAH group) 

and disease control group (non-PAH group). All the 

enrolled patients had no other systemic involvement ex-

cept PAH. Meanwhile, healthy blood donors were included 

as normal control group. 

  

Serum samples 

Serum samples from all patients and healthy controls were 

aliquoted and stored at -80°C until being tested. 

 

EA.hy926 cell culture 

Frozen EA.hy926 cells were taken from nitrogen canister 

and swinged in aqueous bath at 37-40°C for 1-3 minutes to 

be melt. We then added suitable medium (high glucose 

DMEM cataining 10% fetal calf serum) and rotated it at the 

rate of 1 000/min (centrifuge radius: 15 cm) for 5-10 

minutes. After the supernatant was removed, the medium 

was added again. Then cells were inoculated in the culture 

flask with a density of 1×109 cells/L and cultured in an 

incubator at 37°C in 5% CO2. 

 

Detecting AECAs with Western blotting 

Extraction of membrane and cytoplasmic proteins from 

endothelial cells  

When confluent, EA.hy926 cells were detached with 

0.05% trypsin and 0.02% ethylenediamine tetraacetic 

acid (EDTA). Then they were centrifuged at the rate of    

1 000/min (centrifuge radius: 15 cm) for 10 minutes. After 

the supernatant was removed, they were washed with PBS 

twice and centrifuged at the rate of 3 000/min (centrifuge 

radius: 15 cm) for 10 minutes. We then added suitable 

lysate (containing 1% Triton X-100, 2 mmol/L EDTA, 40 

mmol/L Tris), dithiothreitol (DDT), phenylmethyl sulfo-

nylfluorid (PMSF), and protease inhibitors before we kept 

them in ice aqueous bath for 1 hour and broke the cells 

with ultrasound for 6 times, 5 seconds in each time. They 

were centrifuged at the rate of 13 000/min (centrifuge 

radius: 15 cm) for 30 minutes at 4°C and the resulting 

upper stratum contained the protein needed. The protein 

density was then detected with Braford test by ultraviolet 

spectrophotometer.  

Detection of AECAs by sodium dodecyl sulfate polyacry-

lamide gel electrophoresis (SDS-PAGE)  

Separation gel (10% acrylamide) and spacer gel were 

prepared. Equal amounts of solvable proteins (500 μg) 

were subjected to preparative SDS-PAGE through 10% 

polyacrylamide gels. The proteins were then transferred 

onto nitrocellulose membrane for 1 hour at 0.8 mA/cm2 

with a semi-dry electroblotter model A (Ancos, Hojby, 

Denmark). After blocking with PBS-0.2% Tween for 90 

minutes, the membranes were incubated with serum 

samples for 12 hours at 4°C. They were then extensively 

washed before being incubated with the secondary caprine 

anti-human IgG for 1 hour at room temperature. Then we 

added the substrate A (0.05% diaminobenzidine, 0.5 mL) 

and B (0.02% H2O2, 0.5 mL) for staining. The dark bands 

represented positive results. Finally, stop buffer (2 mol/L 

H2SO4, 0.5 mL) was added. 

 

Statistical analysis 

Statistical software of SPSS for Windows 13.0 was used for 

statistical analysis. The prevalence of AECA was measured 

with Chi-square test, and it was considered statistical 

P 
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significance if the P value less than 0.05. 

RESULTS 

General information 

The PAH group included 39 CTD patients with PAH. Among 

them, there were 17 SLE, 7 MCTD, 3 SSc, 3 primary 

Sjögren’s syndrome (pSS), and 9 undifferentiated con-

nective tissue disease (uCTD) patients. The non-PAH group 

included 22 CTD patients (13 SLE, 6 pSS, 3 uCTD) without 

PAH. The normal control group included 10 healthy donors 

(Table 1). Patients in PAH and non-PAH groups as well as 

healthy controls were all female. There was no difference in 

age distribution among the three groups. 

 

AECAs detected by Western blotting 

The prevalence of serum AECAs in PAH group, non-PAH 

group, and normal control group was 82.1% (32/39), 

72.7% (16/22), and 20.0% (2/10), respectively. It was 

significantly higher in CTD patients with PAH than that    

in healthy donors (P<0.05). But in CTD patients, there  

was no significant difference between the PAH and non- 

PAH groups. Figure 1 shows results of AECAs detected by 

Western blotting. 

 

Major recognized antigens by AECAs  

The recognized antigens were bands of 22 kD, 38 kD, 53 kD, 

68 kD, 75 kD, and 102 kD in PAH group. The bands of 38 kD, 

53 kD, 68 kD, and 75 kD were found in non-PAH group. 

While 68 kD and 90 kD bands were detected in healthy 

donors. Anti-22 kD AECA was only detected in CTD patients 

with PAH (15.4%). Anti-75 kD AECA was more frequently 

detected in CTD patients with PAH than in those without 

PAH (51.3% vs. 22.7%, P<0.05) (Table 2). 

Relationship between AECAs and clinical manifesta-

tions 

AECA and Raynaud's phenomenon (RP)  

All AECAs were found in 84.2% (16/19) patients with RP 

and 80.0% (16/20) patients without RP. Among them, 

anti-75 kD AECA was found in 63.2% (12/19) patients with 

RP and 40.0% (8/20) patients without RP, and it seemed to 

be more frequently found in patients with RP than without 

RP, but the difference was not significant (P=0.15). 

AECA and anti-RNP antibody 

All AECAs were found in 90.5% (19/21) patients with 

positive anti-RNP antibody and 72.2% (13/18) patients 

with negative anti-RNP antibody. Among them, anti-75 

kD AECA was more frequently detected in patients with 

positive anti-RNP antibody (71.4%, 15/21) than those 

with negative anti-RNP antibody (27.8%, 5/18) (P< 

0.05).  

 

Table 1. General information of CTD patients with PAH and without PAH
§
 

Group Disease Case number Age (yr) Course of CTD (yr) Course of PAH (mon) 

PAH SLE 17 37.29±13.55 5.29±5.13 18.32±16.28 

MCTD 7 40.14±  7.24 3.28±1.38 9.57±  8.01 

uCTD 9 41.55±14.41 5.67±7.24 13.33±12.17 

SSc 3 52.33±  8.02 8.0  ±0.0 23.33±16.48 

pSS 3 44.33±  7.76 5.67±1.53 24.83±40.85 

Non-PAH SLE 13 36.76±11.75 4.33±8.13 - 

pSS 6 42.60±17.36 6.60±4.45 - 

uCTD 3 28.67±  5.77 2.0  ±0.0 - 

§: Plus-minus values are means ±SD. 

CTD: connective tissue diseases; PAH: pulmonary arterial hypertension; SLE: systemic lupus erythematosus; MCTD: mixed connective 

tissue disease; uCTD: undifferentiated connective tissue disease; SSc: systemic sclerosis; pSS: primary Sjögren's syndrome. 

Figure 1.  Result of AECAs detected by Western blotting.  

Bands 1-6, 15: SLE with PAH; Bands 7, 11, 14: MCTD 

with PAH; Bands 8, 9, 13: uCTD; Band 10: pSS with 

PAH; Band 12: uCTD with PAH. 

AECAs: anti-endothelial cell antibodies. 
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Table 2. Major antigens of AECAs detected in three groups 

Group              Disease Positive 22 kD 38 kD 53 kD 68 kD 75 kD 90 kD 102 kD 

PAH SLE  13 (17) 2  11 3 7  2 

pSS 3 (3)   3  2   

SSc  2 (3)  2 2  2   

uCTD 8 (9) 1  5 1 5  2 

MCTD  6 (7) 3  3 1 4   

Non-PAH SLE 9 (13)  2 5 4 2  4 

 pSS 5 (6)   3 2 1  3 

 uCTD 2 (3)   2  2   

Normal control Healthy 2 (10)    1  1  

          

 DISCUSSION 

AECA was firstly reported by Lindquist and Osterland in 

1971.4 Its antigens were a group of heterogeneous pro-

teins with molecular weight between 15 kD and 200 kD 

located on the surface of the endothelial cells. In recent 

studies, AECAs were more frequently detected in patients 

with SLE, SSc, MCTD, and some vasculitis such as Wegn-

er’s granulomatosis (WG). It was also found that AECAs 

might be closely related to RP and PAH.1,2,5-7 But all these 

studies were based on the results of cyto-ELISA, which 

could hardly confirm the existence of specific AECAs related 

to PAH. With Western blotting, Tamby et al3 had detected 

serum AECAs in patients with PAH, and they found that the 

prevalence of 36 kD band was significant higher in idi-

opathic PAH patients, while in SSc patients 75 kD and 85 

kD bands were more frequently detected, which seemed 

not definitely related to PAH. 

PAH was chronic obstruction of small pulmonary arte-

ries caused by endothelial and vascular smooth muscle cell 

dysfunction and proliferation, which might be AECA- me-

diated inflammation in CTD patients. In our study, we 

detected AECAs in sera of CTD patients with or without PAH 

and healthy donors with Western blotting. Results showed 

that the prevalence of AECAs was significantly higher in 

CTD patients than healthy controls, but there was no dif-

ference between CTD patients with PAH and those without 

PAH. Other study also showed that AECAs were more 

frequently detected in patients with SLE (87.5%) and WG 

(84.6%),8 which was in accordance with our study. It could 

be explained that endothelial damage might be correlated 

with CTD. 

In the further analysis, we had found that major an-

tigens of AECAs were bands of 22 kD, 38 kD, 53 kD, 68 kD, 

75 kD, and 102 kD in CTD patients with PAH, while 38 kD, 

53 kD, 68 kD, and 75 kD bands in CTD patients without PAH. 

Only 68 kD and 90 kD bands were detected in healthy 

donors. Morever, anti-22 kD AECA was uniquely found in 

CTD patients with PAH (6/39). The prevalence of anti-75 

kD AECA was significantly higher in CTD patients with PAH 

than those without PAH. By reviewing literatures, we found 

that anti-22 kD AECA was rarely reported, while Tamby et 

al3 did report the existence of anti-75 kD AECA in SSc pa-

tients. Based on our results, we proposed that anti-22 kD 

and anti-75 kD AECAs might be related to PAH with CTD 

and play some roles in pathogenesis of PAH. 

Because RP and anti-RNP antibodies were considered 

risk factors of PAH associated with CTD, we thus investi-

gated their relationship with AECA. Statistical results show- 

ed that the prevalence of anti-75 kD AECA was higher in 

CTD groups with RP or with positive anti-RNP antibody than 

control groups, although its correlations with RP and PAH 

had not reached statistical significance, probably owning to 

the small sample size of the present study. Such results 

somehow suggest that anti-75 kD AECA might be closely 

related to PAH associated with CTD. 

In conclusion, our study detected AECAs with Western 

blotting in sera of CTD patients with PAH, and revealed that 

anti-22 kD and anti-75 kD AECAs might be specific bio-

markers of PAH associated with CTD. Further studies on 

specific AECAs should be expected to approach the pa-

thogenesis of CTD with PAH. 
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