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Endothelial cell-binding activity of anti-U1-ribonucleoprotein antibodies in patients

with connective tissue diseases

M. OKAWA-TAKATSUJI, S. AOTSUKA, S. UWATOKO, M. TAKAONO, K. IWASAKI, M. KINOSHITA &

M. SUMIYA Division of Clinical Immunology, Research Institute, International Medical Center of Japan, Tokyo, Japan

(Accepted for publication 16 July 2001)

SUMMARY

In order to elucidate the immunological properties of anti-U1-ribonucleoprotein (RNP) antibody, one of

the autoantibodies detected in patients with connective tissue diseases (CTDs), we tested the endothelial

cell-binding by anti-U1-RNP antibodies and epitopes on human pulmonary artery endothelial cells

(HPAECs) to which the autoantibody bound. IgG fractions positive for anti-U1-RNP from patients with

CTDs bound to the HPAECs. Furthermore, intact and F(ab 0)2 IgG anti-U1-RNP purified by affinity

chromatography also bound to endothelial cells. The binding activity of IgG fractions positive for anti-

U1-RNP to the endothelial cells could be effectively absorbed by U1-RNP-Sepharose. An

immunoblotting assay of purified IgG anti-U1-RNP antibodies showed that these antibodies could

bind to various membrane proteins of NP40-treated HPAECs such as 68, 48, 43, 38, 33, 29, 28 and

24 kDa. Some bands, 68, 33, 28 and 24 kDa, seemed to correspond to components of U1-RNP, i.e.

68 kDa, A, B 0 and C peptides, respectively. We confirmed that the anti-U1-RNP antibody from patients

with CTDs can directly recognize a variety of antigens on the endothelial surface of the pulmonary

artery, including the components of U1-RNP or other unknown polypeptides. These results suggest that

binding to pulmonary artery endothelial cells of this autoantibody may be one of the triggers of

endothelial cell inflammation in CTDs.

Keywords anti-U1-ribonucleoprotein antibody endothelial all-binding connective tissue disease

INTRODUCTION

Autoantibodies against U1-ribonucleoprotein (RNP) have been

reported to be present characteristically in sera from patients with

mixed connective tissue disease (MCTD) [1]. Although anti-U1-

RNP antibodies are also detected in the sera of other connective

tissue disease (CTD) patients [2], their roles in the pathogenesis of

CTD are virtually unknown. As well as autoantibodies against U1-

RNP, autoantibodies against negatively-charged molecules such

as cardiolipin and DNA have been suggested to be associated with

pulmonary hypertension in patients with CTD [3±6].

In a previous study, we showed that autoantibodies against

U1-RNP, cardiolipin and dsDNA increased the amounts of

cytokines IL-1a , IL-1b , IL-6 and TNF-a released by, or

associated with peripheral blood monocytes obtained from

patients with CTD [7], and that they up-regulated the expression

of adhesion and molecules, including intercellular adhesion

molecule-1 (ICAM-1), E-selectin and Class II molecules on

human pulmonary artery endothelial cells (HPAECs) [8]. These

findings suggest that these autoantibodies may cause endothelial

cell derangement and lead to proliferative vasculopathy. A

possible mechanism by which anti-U1-RNP antibodies enhance

the expression of adhesion and major histocompatibility complex

(MHC) molecules is by binding to their target epitope, or to

cross-reactive molecules present on the surface of endothelial

cells. It has been suggested that endogenous autoantigens are

present on MHC Class II molecules and are recognized by the

corresponding T cells, which are tolerant under normal

circumstances [9].

Anti-endothelial cell antibodies develop in many diseases,

including systemic lupus erythematosus [10±16], systemic

vasculitis [17], systemic sclerosis [18±21], autoimmune vasculitis

[22], Wegener's granulomatosis [23], diabetes mellitus [24],

scleroderma [25], BehcËet's disease [26], rheumatoid arthritis [27±

29], anti-phospholipid syndrome [30] and thrombotic thrombocy-

topenic purpura [31]. Although there are few reports indicating the

kind of IgG that has anti-endothelial cell activity, Chan et al.

reported that human anti-DNA antibodies bound to endothelial

cells from human umbilical vein, both indirectly via immunoglo-

bulin-bound DNA and directly through cross-reactivity [11].

We undertook the present study to clarify the activity of

endothelial cell-binding by anti-U1-RNP antibodies in patients
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with connective tissue diseases and epitopes on HPAECs to which

the autoantibody could bind.

MATERIALS AND METHODS

Patients and sera

We tested sera that were strongly positive to anti-U1-RNP

antibody from 17 of 350 patients with CTD. These 17 patients had

systemic lupus erythematosus (n � 5), SjoÈgren's syndrome

(n � 4), mixed connective tissue disease (n � 5), systemic

sclerosis (n � 2) or rheumatoid arthritis (n � 1). Sera from 10

normal healthy volunteers were also tested.

IgG fraction

The IgG fraction was isolated from sera by Protein G Sepharose

chromatography (Pharmacia Fine Chemicals, Hounslow, UK).

Serum (5 ml) was loaded onto a 1 ml Protein G Sepharose column.

After extensive washing with 0´15 m Tris-HCl buffer (pH 7´6) (TB),

IgG fractions were eluted from the column with 0´1 m glycine±HCl

buffer (pH 2´7) and immediately dialysed against phosphate-

buffered saline (PBS) containing 1 mm EDTA and 100 mm

phenylmethylsulphonyl fluoride (PMSF) (PBS±EDTA±PMSF).

Purified anti-U1-RNP antibodies and anti-U1-RNP-depleted IgG

Extractable nuclear antigen (ENA) was prepared from rabbit

thymus acetone powder (Pel-Freez Biologicals, Rogers, AR,

USA) by ammonium sulphate fractionation [32], dialysed against

PBS±EDTA±PMSF, and passed through an IgG-Sepharose

column to remove any substances bound non-specifically to

IgG. Then the ENA preparation was applied to a column of BrCN-

activated Sepharose (Pharmacia) to which was bound the IgG

fraction of serum (from a patient with mixed CTD) containing a

high titre of the anti-U1-RNP antibody only (Anti-RNP-Sephar-

ose). The bound U1-RNP fraction was eluted from the column

with 3 m guanidine±HCl buffer (pH 4´8), dialysed extensively

with EDTA±PMSF±PBS solution, then dialysed against coupling

buffer (100 mm NaHCO3 [pH 8´3], containing 500 mm NaCl).

The fraction was then coupled with BrCN-activated Sepharose

(RNP-Sepharose) according to the manufacturer's instructions.

Anti-U1-RNP-depleted IgG was prepared by passing about 50 mg

IgG fraction positive for anti-U1-RNP in EDTA±PMSF±PBS

through a 3 ml U1-RNP-Sepharose column that had been pre-

equilibrated with EDTA±PMSF±PBS, and collecting the flow-

through fraction. Purified anti-U1-RNP antibody preparations

(purified anti-U1-RNP) were eluted with 3 m guanidine±HCl

buffer (pH 4´8). Both anti-U1-RNP-depleted IgG and purified

anti-U1-RNP antibodies were dialysed against PBS, concentrated

to 1 mg/ml by ultrafiltration (Centricon 10; Amicon, Beverly,

MA, USA) and sterilized by passing through a nitrocellulose filter

(0´22 mm, Millipore Co. Ltd, Bedford, MA, USA).

Culture of endothelial cells from pulmonary artery

Non-immortalized, cryopreserved HPAECs from four passages

were purchased from Clonetics Co., Ltd, CA, USA. HPAECs were

cultured in 25 cm2 tissue culture flasks (Nunc, Roskilde,

Denmark) in EGM-UV medium containing FCS (2% v/v),

epithelial growth factor (10 ng/ml), hydrocortisone (1 mg/ml),

gentamicin (50 mg/ml), amphotericin B (0´05 mg/ml) and bovine

brain extract (0´25% v/v), according to the manufacturer's

instructions. Cells were briefly exposed to 0´25% trypsin (Sanko

Pharmaceuticals Co., Tokyo, Japan) and 0´04% EDTA.

Cell enzyme-linked immunosorbent assay (ELISA) for anti-

endothelial cells

A cell ELISA for the detection of anti-endothelial cells was

performed according to methods reported previously with

modifications [8]. Cultured HPAECs (Clonetics) between pas-

sages four and six (104 cells/well in EBM-2 medium) were seeded

onto microculture plates (96 wells). Confluent cell monolayers

were fixed with 0´2% v/v glutaraldehyde (200 m l) in PBS for

30 min at room temperature, and then washed three times with

PBS containing 0´05% v/v Tween 20 (washing buffer). The wells

were blocked with Block Ace (40 mg/ml; Dainippon Pharmaceu-

ticals, Osaka, Japan) diluted 1:2 with PBS containing 10% goat

serum (200 m l/well) at 378C for 60 min. The wells were then

washed three times with washing buffer, and 100 m l diluted IgG

or purified anti-U1-RNP antibodies were added to the wells. The

wells were incubated at 48C overnight. After washing again,

0´1 ml peroxidase-conjugated goat anti-human IgG or rabbit anti-

human IgG-F(ab 0)2 was added to each well at the appropriate

dilution for whole molecule or F(ab 0)2 molecules of antibodies,

respectively. Then the wells were incubated at 378C for 60 min.

Substrate solution (100 m l; 0´4 mg/ml ortho-phenylene-diamine

and 0´4 m l/ml 30% H2O2 in 10 mm citrate and 20 mm phosphate

buffer, pH 4´0) was added, then the wells were incubated for 5±

20 min at room temperature. The colour reaction was stopped by

adding 100 m l 2´5 m H2SO4. The absorbance at 490 nm of the

solution in each well was read using an automatic ELISA reader

(Immuno Mini NJ-2300; Nalge Nunc Int. Co. Ltd, Tokyo, Japan).

The binding activity of pulmonary artery endothelial cells is

expressed as optical density at 490 nm (OD490).

ELISA for anti-U1-RNP

The titre of the antibodies against U1-RNP was assayed by

ELISA, as described previously [33]. Micro-plates were coated

with 100 m l U1-RNP at 10 mg/ml in 0´15 m TB (pH 7´6) and

incubated at 48C overnight. Wells were washed three times with

Tris-buffered saline (0´015 m TB, 0´135 m NaCl) containing 0´5%

v/v Tween 20 (TBS±Tween, washing buffer) and blocked with

1% bovine serum albumin in TB (BSA±TB) for 30 min at room

temperature (RT). Then, 100 m l of samples in BSA±TB were

added to each well and incubated for 1 h at RT. After washing, the

colour reaction and colorimetric measurement were carried out as

described above for the cell ELISA for anti-endothelial cells. The

binding activity of anti-U1-RNP is expressed as OD490.

ELISA for anti-double-stranded DNA (dsDNA), cardiolipin (CL)

and dextran sulphate (DXS)

The titres of the antibodies against dsDNA, CL and DXS were

assayed by ELISA, as described previously [34,35]. Briefly,

polystyrene microtitre plates were pre-coated with 40 mg/ml poly

l-lysine (Sigma Chem. Co. St. Louis, MO, USA) in TB, followed

by coating with purified dsDNA (10 mg/ml in TB). Cardiolipin

(Sigma) in ethanol (50 mg/ml) was absorbed onto the surface of

ELISA plates after evaporation of ethanol. PLL (0´4 mg/ml in TB)

pre-coated plates were coated with DXS (250 mg/ml in TB,

Sigma). After blocking these plates with BSA-TB, IgG fractions

or purified IgG anti-U1-RNP antibodies at 25 mg/ml in TB were

added. After washing, peroxidase-labelled rabbit anti-human IgG

(diluted to 1:2500) was added. The colour reaction and

colorimetric measurement were carried out as described above

for the cell ELISA for anti-endothelial cells. The binding activities

of these antigens are expressed as OD490.
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Membrane preparation of HPAECs

A membrane fraction was prepared from HPAECs according to

methods reported previously, with modifications [36]. Briefly,

5 � 107 HPAECs were washed three times with PBS. The pellet

of HPAECs was mixed with 1 ml isolation buffer (0´1% IGEPAL

CA-630; NP40, [Sigma] in TBS containing 0´02% NaN3 and

1 mm PMSF, pH 8´3) in a vortex mixer for 30 min at 48C. The

mixture was centrifuged for 20 min at 27 000 g. The supernatant

fluid was obtained as NP40-treated membrane fractions of

HPAECs. The membrane fractions were stored in aliquots at

2808C until use.

Immunoblotting for the detection of anti-endothelial cells

Equal volumes of membrane fraction and SDS gel sample buffer

(Tris±SDS±BME sample buffer, Owl Scientific, Inc., Woburn,

MA, USA) were mixed and incubated for 5 min in boiling water.

The mixture was then subjected to 10±20% SDS gradient gel

electrophoresis (Dai-ichi Pure Chemical Co., Tokyo, Japan) for

20 min at 60 mA. Molecular weight standards of 6´5, 16´5, 25, 32´5,

47´5, 62, 83 and 175 kD were included in each run (BioRad

Laboratories, Richmond, CA, USA). After termination of the run,

the membrane antigens were transferred to a nitrocellulose sheet by

electroblotting for 2 h at 180 mA. The nitrocellulose sheet was

incubated for 30 min in TB containing BSA±TB. The nitrocellu-

lose paper was inserted in a screener blotter (Sanplatec Co., Osaka,

Japan) and incubated with IgG fractions or purified anti-U1-RNP

antibodies in BSA±TB at 48C overnight. The fractions were washed

with washing buffer, then reactions with membrane antigens were

detected by affinity-purified goat anti-human IgG alkaline

phosphatase conjugate (EY Laboratories Inc., San Mateo, CA,

USA) at 48C overnight. The sheet was washed with washing buffer,

incubated with 50 ml substrate solution (0´1 m Tris-HCl, 0´5 mm

MgCl2, pH 9´5) containing 30 m l nitro-blue tetrazolium (NBT,

50 mg/ml) in 70% dimethylformamide and 5-bromo-4-chloro-3-

indolyl phosphate (BCIP, 5 mg/ml) in 100% dimethylformamide

for 10±20 min, and then washed thoroughly with deionized water.

Immunoabsorption

U1-RNP-Sepharose was prepared as described above. U1-RNP-

Sepharose containing 5 mg RNP/ml of swollen beads was

prepared. BSA-Sepharose containing 10 mg BSA/ml of swollen

beads was also prepared by conjugating BSA with BrCN-activated

Sepharose. Both gels were mixed independently with an equal

volume of 1% BSA±TB. IgG fractions positive for anti-U1-RNP

were mixed with these gels at 25 mg/ml of final concentration,

and rotated end-over-end at 48C overnight. After centrifugation,

supernatant fluids of the mixture were tested for activity of anti-

endothelial cells and anti-U1-RNP antibody.

F(ab 0)2 preparation

IgG F(ab 0)2 fragments were prepared by pepsin digestion of

affinity-purified anti-U1-RNP antibody or control IgG (IgG:pep-

sin � 100:3 w/w) in 0´2 m acetate buffer (pH 4´5) at 378C
overnight. The digestion was terminated by adding 0´1 m Tris, and

dialysed against TB. The digests were passed through a Sephadex

G-100 column (1´2 � 100 cm) that had been pre-equilibrated with

TB. Only fractions that contained Fd fragments and light chains

on SDS±polyacrylamide gel electrophoresis (Laemmli's method)

were collected.

Statistical analysis

Data are expressed as the median and interquartile levels (Q1±

Q3), and analysed statistically by Wilcoxon's t-test and the

Mann±Whitney U-test. Correlations were determined using

Spearman's rank correlation test. Differences with P-values of

, 0´05 are considered significant.

RESULTS

Binding activity to HPAECs of patients' serum, the IgG fraction

obtained from anti-U1-RNP-positive serum, and purified anti-U1-

RNP antibodies

The binding activity to endothelial cells of patients' sera positive for

anti-U1-RNP antibody diluted to at 1:600 (median 0´657 (OD490);
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Fig. 1. Binding activity to human pulmonary artery endothelial cells of

patients' serum, the IgG fraction obtained from anti-U1-RNP-positive

serum and purified anti-U1-RNP antibodies. (a) The binding activity of

anti-U1-RNP-positive sera diluted 1:600 (n � 17) was significantly higher

than that of normal sera (n � 10). (b) The binding activity to endothelial

cells of the IgG fractions positive for anti-U1-RNP antibody (n � 17) and

of purified anti-U1-RNP antibodies (n � 13) was significantly higher than

that of IgG fractions obtained from normal subjects (n � 10). Binding

activity to endothelial cells is expressed as OD490. Horizontal bars indicate

the median values. Dotted lines indicate the mean 1 2 s.d. of (a) normal

serum and (b) IgG fraction obtained from normal subject.
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interquartile levels (Q1±Q3), 0´570±0´882; n � 17) was significantly

higher than that of normal sera (median 0´409; Q1±Q3 0´396±0´582;

n � 10; P , 0´01 by the Mann±Whitney U-test, Fig. 1a). The

binding activity to endothelial cells of IgG fractions positive for anti-

U1-RNP antibody at 25 mg/ml (median 1´337; Q1±Q3 1´058±1´439;

n � 17) and those of purified anti-U1-RNP antibodies at 25 mg/ml

(median 1´610, 1´553±1´743; n � 13) was significantly higher than

that of IgG fractions obtained from normal subjects at the same

concentration (1´154; 0´968±1´189; n � 10; P , 0´05, P , 0´001 by

the Mann±Whitney U-test; Fig. 1b). The binding activity of purified

anti-U1-RNP antibody was also significantly higher than that of IgG

fraction positive for anti-U1-RNP (P , 0´01). The percentage of sera

positive for anti-endothelial cell activity was 41% (7/17, exceeding

0´707; the mean 1 2 s.d. in normal serum, Fig. 1a). The percentage of

anti-U1-RNP-positive-IgG fractions positive for anti-endothelial cell

activity was also 41% (7/17, exceeding 1´368; the mean 1 2 s.d. in

IgG fractions obtained from normal subjects, Fig. 1b).

Binding activity to HPAECs of purified anti-U1-RNP antibodies

and anti-U1-RNP-depleted IgG

The binding activity of purified anti-U1-RNP antibody to

endothelial cells was significantly higher than that of the 0 mg/ml

buffer control (0 mg/ml: OD490 � 0´158, 0´151±0´161; 50 mg/ml:

1´006, 0´924±1´280, P , 0´001; 100 mg/ml: 1´233, 1´126±1´464,

P , 0´001; n � 13; Wilcoxon's t-test), and the binding at 100 mg/

ml was also significantly higher than that at 50 mg/ml (P , 0´001).

Therefore, there was a dose-dependent increase in the binding of

purified anti-U1-RNP antibodies to endothelial cells (Fig. 2a). On

the other hand, the binding activity of anti-U1-RNP-depleted IgG

which had been passed through an RNP-Sepharose column was also

significant among the different concentrations of anti-U1-RNP-

depleted IgG (0 mg/ml: OD490 � 0´139, 0´125±0´144; 50 mg/ml:

0´426, 0´369±0´515, P , 0´001 compared with 0 mg/ml;

100 mg/ml: 0´531, 0´521±0´766, P , 0´001 compared with 0 and

50 mg/ml; n � 13), although the levels of binding activity were

lower than those of purified antibodies (Fig. 2b).

Correlation between anti-U1-RNP antibodies and binding

activities to endothelial cells in IgG preparations

There was a significant correlation between anti-U1-RNP

antibodies and binding activities to endothelial cells in IgG

preparations obtained from patients positive for anti-U1-RNP

antibody (n � 17) (rs � 0´632; P , 0´01 by Spearman's rank

correlation test; figure not shown).

Reduction by U1-RNP±Sepharose gel of binding activity to

HPAECs, and anti-U1-RNP antibody activity in IgG fractions

positive for anti-U1-RNP antibody

The binding activity to endothelial cells of IgG positive for anti-U1-

RNP antibody was significantly reduced by U1-RNP±Sepharose
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Fig. 2. Binding activity to human pulmonary artery endothelial cells of purified anti-U1-RNP antibodies and anti-U1-RNP-depleted IgG.

Binding activity (as OD490) of purified IgG anti-U1-RNP antibody to endothelial cells tended to increase dose-dependently. The activity was

significantly higher than that of the control (0 mg/ml) (50 mg/ml: P , 0´001; 100 mg/ml: P , 0´001 by Wilcoxon's t-test; n � 13) and the

binding at 100 mg/ml was also significantly higher than that at 50 mg/ml (P , 0´001) (Fig. 2a). On the other hand, the binding activity of

anti-U1-RNP-depleted IgG which had been passed through an RNP-Sepharose column was also significantly different among the different

concentrations of anti-U1-RNP-depleted IgG (P , 0´001 compared between 0 and 50 mg/ml, 0 and 100 mg/ml, 50 and 100 mg/ml, n � 13).

However, the levels of binding activity were lower than those of purified antibodies (Fig. 2b).
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gel (1´131, 0´878±1´194) compared with the control BSA±

Sepharose gel (1´337, 1´058±1´439; P , 0´01 by Wilcoxon's t-

test, Fig. 3a). A considerable amount of endothelial cell-binding

activity was absorbed by U1-RNP. The anti-U1-RNP-antibody

activity of IgG positive for anti-U1-RNP antibody was almost

completely absorbed by U1-RNP-Sepharose gel (0´193, 0´142±

0´284) compared with BSA-Sepharose gel (1´283, 0´925±1´447;

P , 0´001, Fig. 3b).

Binding activities to HPAECs of F(ab 0)2 preparations and whole

molecules of purified IgG anti-U1-RNP antibody

The endothelial cell-binding activities of F(ab 0)2 preparations of

purified IgG anti-U1-RNP antibody (Fig. 4a) increased dose-

dependently (0 mg/ml: OD490 � 0´132, 0´108±0´156; 50 mg/ml:

0´663, 0´618±1´278; 100 mg/ml: 0´915, 0´852±1´632). The

activities of whole molecules of purified IgG anti-U1-RNP

antibody obtained from the same patients as controls (Fig. 4b)

were also increased dose-dependently (0 mg/ml: OD490 � 0´136,

0´124±0´148; 50 mg/ml: 1´268, 0´920±1´416; 100 mg/ml: 1´521,

1´296±1´616). The significance of differences between each of the

concentrations of antibodies is P , 0´05 by Wilcoxon's t-test;

n � 6; Fig. 4a, b). The Fab portions of purified anti-U1-RNP

antibodies may have specifically recognized epitopes on the

surface of endothelial cells.

Immunoblotting assay of purified IgG anti-U1-RNP antibody to

membrane preparations of HPAECs and to nitrocellulose strips

impregnated with known antigens

The binding of purified IgG anti-U1-RNP antibodies (n � 11) to

endothelial cells was assayed by immunoblotting of NP40-treated

cell membrane preparations of HPAECs (Fig. 5, upper panel).

Purified IgG anti-U1-RNP antibodies bound to membrane proteins

of 90 kD (10/11), 77 kD (1/11), 68 kD (9/11), 48 kD (8/11),

46 kD (1/11), 43 kD (11/11), 38 kD (3/11), 33 kD (11/11), 29 kD

(6/11), 28 kD (9/11) and 24 kD (1/11). IgG preparations from

normal subjects bound to some membrane proteins of 90 kDa (4/

11), 48 kD (4/10), 43 kD (10/10) and 33 kD (2/10). Membrane

proteins of 68, 33, 28 and 24 kD seemed to correspond to the

components of U1-RNPÐ68 kD, A, B 0 and C peptides,

respectively.

The binding activities of the same anti-U1-RNP antibodies

(n � 11) to endothelial cells were also tested by another

immunological test (commercially available Western blot nitro-

cellulose (NC) strips; Affini Tech NC strips, Fig. 5, lower panel)

which had been impregnated with RNP or Sm antigens such as

68 kD, A (33 kD), B 0 (26 kD) and B (25 kD) (Western Blot

Cellular Extract Coated Nitrocellulose, Affini Tech, Ltd. Benton-

ville, AR, USA). Purified IgG anti-U1-RNP antibodies bound to

Affini Tech NC strips of 77 kD (1/11), 68 kD(10/11), 33 kD (9/
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Fig. 3. Reduction by U1-RNP-Sepharose gel of binding activity to human pulmonary artery endothelial cells, and anti-U1-RNP antibody

activity in IgG fractions positive for anti-U1-RNP antibody. The binding activity of IgG positive for anti-U1-RNP antibody to endothelial

cells was significantly absorbed by U1-RNP-Sepharose gel (P , 0´01 by Wilcoxon's t-test) compared with control BSA-Sepharose gel

(Fig. 3a). The anti-U1-RNP antibody activity of IgG positive for anti-U1-RNP antibody was almost completely absorbed by U1-RNP-

Sepharose gel (P , 0´001) compared with BSA-Sepharose gel (Fig. 3b). Horizontal bars indicate medians.
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11), 26 kD (7/11) and 25 kD (2/11). There were some bands other

than U1-RNP-related peptides detected on the Affini Tech NC

strips, and it was unknown which antigen could bind to the

purified IgG anti-U1-antibodies.

In Fig. 5, as the same antibody was arranged in the same order

on the two nitrocellulose strips (upper and lower panels), almost

the same bands for nRNP antigens were obtained by the two

strips. B 0 (26 kD), the product specification of the reference strips

for the Affini Tech NC strips, seemed to correspond to 28 kD of

NP40 of the treated cell membrane preparations of HPAECs.

Although some bands were found on both NC strips which reacted

with IgG from normal subjects, there was no band related to nRNP

antigens.

Examination for cross-reactive properties of anti-U1-RNP

positive for IgG, purified anti-U1-RNP antibody and IgG fractions

obtained from normal subjects

The binding properties of IgG fractions at 25 mg/ml positive for

anti-U1-RNP (n � 17), purified anti-U1-RNP antibodies (n � 13)

and IgG from normal subjects (n � 10) were assayed for other

autoantibodies showing specific binding to dsDNA, negatively-

charged phospholipids, cardiolipin (CL) and dextran sulphate

(DXS) (Table 1). While some of the purified anti-U1-RNP

antibodies had slight binding activity to dsDNA and DXS, the

correlations between the levels of these antibody activities were

not significant (rs � 0´121, rs � 0´016, respectively). IgGs or

anti-U1-RNP did not have binding activity to a BSA-TB-coated

plate without cells. The BSA background without added IgG or

anti-U1-RNP antibodies in the ELISA for HPAEC, anti-U1-RNP,

anti-DNA, anti-cardiolipin or anti-dextran sulphate is shown as

low level (Table 1).

DISCUSSION

Our results show that IgG positive for anti-U1-RNP from patients

with CTD binds to human pulmonary artery endothelial cells

(HPAECs). Furthermore, whole molecules and F(ab 0)2 IgG anti-

U1-RNP purified by affinity chromatography also bind to

endothelial cells. The binding activity to endothelial cells of

IgG positive for anti-U1-RNP could be significantly absorbed by

U1-RNP-Sepharose. These results suggest that almost all anti-

U1-RNP antibodies in patients with CTD play a role like

anti-endothelial cell antibodies.

However, both the percentage of sera positive for anti-

endothelial cell activity and the percentage of anti-U1-RNP-

positive-IgG fractions positive for anti-endothelial cell activity

were 41% (exceeding the means 1 2 s.d. in normal subjects). This

means that not all of the sera or IgG containing anti-U1-RNP

Fig. 4. Binding activities to human pulmonary artery endothelial cells of F(ab 0)2 preparations and whole molecules of purified anti-RNP

antibody. Both the endothelial-cell-binding activity (as OD490) of F(ab 0) 2 preparations (a) and the whole molecules (b) of IgG anti-U1-RNP

antibody increased dose-dependently (differences between each of the concentrations of antibodies were significant at P , 0´05 by

Wilcoxon's t-test, n � 6).
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reacted with endothelial cells; some anti-U1-RNP-positive-IgG

fractions or anti-U1-RNP-positive-sera were negative for anti-

endothelial-cell activity. This suggests that varieties of anti-U1-

RNP antibodies are responsible for the binding activity to

endothelial cells.

While the anti-U1-RNP-antibody activity of the IgG that was

positive for anti-U1-RNP antibody was almost completely

absorbed by U1-RNP-Sepharose gel, part of the binding activity

of the IgG to endothelial cells of IgG was reduced by the same gel.

This suggests that part of the IgG fraction positive for anti-U1-

RNP antibody is anti-U1-RNP antibody, which has binding

activity for endothelial cells. The rest of the IgG fraction may

have binding activity to endothelial cells, though the antibody that

possesses binding activity to endothelial cells in the remaining

IgG has not been identified.

The serum that had the highest titre of anti-endothelial cell

reactivity was obtained from the patient with MCTD complicated

by pulmonary hypertension (PH; nearly half the deaths of patients

with MCTD [6]). However, the activity of anti-endothelial cell

antibody of another serum from a patient with MCTD complicated

by pulmonary hypertension was found to be within normal limits.

It will be necessary to study the relationship between the activity

of anti-endothelial cell antibody and diagnostic group, disease

activity or clinical symptom such as PH.

In the ELISA for the binding activity to HPAECs of whole

molecules and F(ab 0)2 preparations of purified anti-U1-RNP

antibodies, peroxidase-conjugated antibodies, goat anti-human

IgG (g chain specific) and rabbit anti-human IgG [F(ab 0)2
specific] were used at different concentrations. These differences

in dilution may be due to the binding affinity of the antibodies.

Fig. 5. Immunoblotting assay of purified IgG anti-U1-RNP antibody to membrane preparations of human pulmonary artery endothelial cells

(HPAECs) and to nitrocellulose strips impregnated with known antigens. The binding activities of the purified IgG anti-U1-RNP antibodies

(n � 11) to endothelial cells were assayed by immunoblotting of NP40-treated cell membrane preparations of HPAECs (upper panel).

Purified IgG anti-U1-RNP antibodies bound to membrane proteins of 90 kD (10/11), 77 kD (1/11), 68 kD (9/11), 48 kD (8/11), 46 kD (1/

11), 43 kD (11/11), 38 kD (3/11), 33 kD (11/11), 29 kD (6/11), 28 kD (9/11) and 24 kD (1/11). Membrane proteins of 68, 33, 28 and 24 kD

seemed to correspond to the components of U1-RNP 68 kD, A, B 0 and C peptides, respectively. The binding activities of the same antibodies

(n � 11) to endothelial cells were also tested using nitrocellulose strips which had been impregnated with the following antigenic

components from cellular extract: P, Ribosomal P with a band at 38 kD; Jo-1, Jo-1 with a band at 53 kD; Scl, Scl-70 (Topoisomerase) with a

band at 105 kD; SSB, SS-B with a band at 50 kD; SSA, SS-A (Ro) with a band at 60 kD and 52 kD; Sm/RNP, Sm with bands at 26 kD (Sm/

B 0) and 25 kD (B); and RNP, with bands at 68 kD and 33 kD (A) (Affini Tech NC strips, commercially available NC strips, lower panel).

Purified IgG anti-U1-RNP antibodies bound to Affini Tech NC strips at 68 kD (10/11), 33 kD (9/11), 26 kD (7/11), and 25 kD (2/11). The

same antibody was arranged in the same order on the two nitrocellulose strips. B 0 (26 kD), which was the product specification of the

reference strips, seemed to correspond to 28 kD of NP40-treated cell membrane preparations of HPAECs.
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Both the binding activity to endothelial cells of the whole

molecules and F(ab 0)2 preparations of purified IgG anti-U1-RNP

antibody increased dose-dependently, suggesting that the Fab

portions of purified anti-U1-RNP antibodies may have specifically

recognized epitopes on the surface of the endothelial cells.

Immunoblotting assay of purified IgG anti-U1-RNP antibodies

showed that these antibodies bound to various membrane proteins

of NP40-treated HPAECs of 68, 48, 43, 38, 33, 29, 28 and 24 kDa.

Some bands Ð at 68, 33, 28 and 24 kDa Ð seemed to correspond

to U1-RNP components 68 kDa, A, B 0 and C peptides,

respectively. Almost the same results for binding activities of

anti-U1-RNP antibodies to nRNP antigens were obtained in

another immunological test, using Western Blot Autoantibody

Strips impregnated with the RNP or Sm antigens. Bands related to

U1-RNP on the Affini Tech NC strips were clearly revealed,

easily corresponding to the bands on membrane preparations of

HPAECs bound to the anti-U1-RNP antibodies.

Endogenous autoantigens are likely to be presented on MHC

class II molecules and to be recognized by corresponding T cells,

which are tolerant under ordinary circumstances [9]. One

hypothesis Ð that anti-U1-RNP antibody binds to fragments of

U1-RNP presented by MHC class II molecules Ð remains to be

confirmed. Another hypothesis is that anti-U1-RNP antibody,

which may act as anti-endothelial cell antibody, induces apoptosis

on the endothelial cells and binds to fragments of nucleosome

RNP blebs on the EC surface [37,38].

Binding activities to endothelial cells in purified anti-U1-

RNP-depleted IgG decreased to less than half of those before

absorption. Enough binding activity to react with epitopes other

than U1-RNP on the surface of endothelial cells remained in the

anti-U1-RNP-depleted IgG fractions. Endothelial cell-binding

activities of normal IgG detected by cell ELISA might also be

due to binding to membrane proteins other than RNP

components.

Although anti-endothelial cell antibodies develop in many

diseases [10±31], there has been no report of anti-endothelial cell

activity shown by anti-U1-RNP antibody. With regard to human

anti-DNA antibodies, Chan et al. reported autoantibodies that

bound to endothelial cells from human umbilical vein, both

indirectly via immunoglobulin-bound DNA and directly through

cross-reactivity [11]. They showed that polyclonal anti-DNA

antibodies bound to membrane proteins of 30±180 kDa, and

suggested that these mechanisms of cellular binding by anti-DNA

antibodies may correspond to pathogenic steps in human systemic

lupus erythematosus.

IgG positive for anti-U1-RNP, purified anti-U1-RNP anti-

bodies and IgG from normal subjects were assayed for other

autoantibodies binding specifically to dsDNA, and to other

negatively-charged molecules, such as cardiolipin and dextran

sulphate (DXS), which might contribute to cell binding. IgG

positive for anti-U1-RNP and IgG from normal subjects did not

have binding activity to dsDNA, CL or DXS. While some purified

anti-U1-RNP antibodies have slight binding activity to dsDNA

and DXS, the correlations between the levels of these antibody

activities were not significant.

Koenig et al. showed that antibodies from thrombotic

thrombocytopenic purpura recognized 43 kDa proteins obtained

from microvascular endothelial cells from human kidney [31].

They suggested that the band may be related to injury of

endothelial cells. Although we also showed reactivity of the same

43 kDa protein by immunoblotting with purified anti-U1-RNP

antibodies, normal IgG could also bind the same protein.

Several mechanisms have been reported by which anti-

endothelial cell antibodies may play a role in the pathophysiology

of inflammatory disease. Papa et al. reported up-regulated

expression of the endothelial adhesion molecules E-selectin,

ICAM-1 and VCAM-1 after incubation of endothelial cells with

IgG anti-endothelial cell antibodies [23]. We have previously

reported up-regulation of ICAM-1 and ELAM-1 on HPAEC after

incubation of endothelial cells with anti-U1-RNP antibody [8]. All

these results suggest that anti-U1-RNP antibodies may act as anti-

endothelial cell antibodies, and may induce the activation and up-

regulation of adherent molecules of HPAECs.

In contrast, anti-endothelial cell antibodies may trigger the

Table 1 Examination for cross-reactive property of IgG fraction positive for anti-U1-RNP and purified IgG anti-U1-RNP antibodies

OD490

IgG fraction obtained

from normal subject

median (Q1-Q3)

IgG fraction positive

for Anti-U1-RNP

median (Q1-Q3)

Purified IgG

anti-U1-RNP

median (Q1-Q3)

BSA

median (Q1-Q3)

AECA 1´154 (0´968±1´189) 1´337 (1´058±1´439)* 1´610 (1´553±1´743)*** 0´024 (0´021±0´027)

Cell (1) n � 10 n � 17 n � 13 n � 10

AECA 0´065 (0´056±0´078) 0´056 (0´051±0´083) 0´061 (0´046±0´078) 0´044 (0´043±0´045)

Cell (±) BG n � 10 n � 17 n � 13 n � 10

ARNP 0´140 (0´132±0´155) 1´283 (0´925±1´447)*** 1´659 (1´283±1´740)*** 0´043 (0´039±0´049)

n � 10 n � 17 n � 13 n � 10

ADNA 0´065 (0´059±0´068) 0´047 (0´034±0´071) 0´209 (0´048±0´273)* 0´011 (0´011±0´014)

n � 10 n � 17 n � 13 n � 10

ACL 0´035 (0´034±0´037) 0´034 (0´031±0´039) 0´045 (0´036±0´054)* 0´026 (0´023±0´027)

n � 10 n � 17 n � 13 n � 10

ADXS 0´035 (0´025±0´051) 0´014 (0´009±0´027) 0´141 (0´080±0´188)** 0´016 (0´011±0´016)

n � 10 n � 17 n � 13 n � 10

AECA: anti-endothelial cell antibody; ARNP: anti-ribonucleoprotein antibody; ADNA: anti-dsDNA antibody; ACL: anti-cardiolipin antibody; ADXS:

anti-dextransulphate antibody.

*P , 0´05, **P , 0´01, ***P , 0´001 compared with IgG fractions obtained from normal subjects.

Data are expressed as the median and interquartile levels (Q1-Q3) at OD490 nm and analysed statistically by Mann±Whitney U-test.
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pathogenesis of some diseases by complement-dependent cyto-

toxicity or antibody-dependent cellular cytotoxicity [39]. The

mechanism of up-regulation of adherent molecules by anti-

endothelial cell antibodies remains unclear.

In our previous studies using human pulmonary artery

endothelial cells (HPAECs), we demonstrated the roles of anti-

U1-RNP antibody in inducing some soluble factors [7] and up-

regulating adhesion molecules [8]. In the present study, we

confirmed that the anti-U1-RNP antibody from patients with CTD

can directly recognize a variety of antigens on the endothelial

surface of the pulmonary artery, including the components of U1-

RNP or other unknown polypeptides. These results suggest that

binding to HPAECs of this autoantibody may be one of the

triggers of endothelial cell inflammation in CTDs.
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