Human B2-Glycoprotein | Binds to Endothelial Cells Through
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B2-Glycoprotein | (B2GPI) is a phospholipid-binding protein recognized by serum autoantibodies from the anti-phospholipid
syndrome both in cardiolipin- and B2GPI-coated plates. We found that: 1) recombinant wild-type2GPI bound to HUVEC and
was recognized by both human monoclonal IgM and affinity-purified polyclonal IgG antif32GPI anti-phospholipid syndrome Abs;
and 2) a single amino acid change from Ly&®to Glu significantly reduced endothelial adhesion. Double and triple mutants (from
Lys?®4287tg Glu?®+287 from Lys?®%2%7to0 GIu?®%287 and from Lys284286.2871q G|u284285.28Y completely abolished endothelial
binding. A synthetic peptide (P1) spanning the sequence GHi*-Cys*®® of the B2GPI fifth domain still displayed endothelial
adhesion. Another peptide (P8), identical with P1 except that Cy&§*and Cys*®*®were substituted with serine residues, did not bind
to HUVEC. Anti- B2GPI Abs, once bound to P1 adhered to HUVEC, induced E-selectin expression and up-regulated IL-6 secre-
tion. Control experiments conducted with irrelevant Abs as well as with the P8 peptide did not show any endothelial Ab binding
nor E-selectin and IL-6 modulation. Our results suggest that: 1)82GPI binds to endothelial cells through its fifth domain; 2) the
major phospholipid-binding site that mediates the binding to anionic phospholipids is also involved in endothelial binding; 3)
HUVEC provide a suitable surface for B2GPI binding comparable to that displayed by anionic phospholipids dried on microtiter
wells; and 4) the formation of the complex betweer2GPI and the specific Abs leads to endothelial activation in vitro. The
Journal of Immunology, 1998, 160: 5572-5578.

(PL)-binding protein that is required for the binding of negatively charged structures (4—6). ABRGPI Abs may be pu-

autoantibodies in sera from patients with the anti- rified from both primary and secondary APS sera. Such serum
phospholipid syndrome (APS) to cardiolipin (CL)-coated platesanti-32GPI Abs have been found to be associated with thrombotic
(1-3). It is not yet known whether anB2GPI Abs recognize events and/or fetal loss, suggesting a potential pathogenic role in
epitopes displayed by native2GPI when available at increased APS (7-13).

B2GPI is composed of five highly conserved subunits called
sushi domains or complement control protein repeats (14, 15). The
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useful to point out that Ab binding t82GPI adhered on endothe- medium (HyQ-CCMTM 1, HyClone Laboratories, Logan, UT) to remove
lial membranes has been shown to cause, at least in vitro, cefidherent serum proteins including2GPI supplied by bovine serum
activation that induces the expression of proinflammatory and'€sentin the culture medium.

proadhesive molecules (27, 30, 32). Binding of B2GPI and synthetic peptides to endothelial cells

- A cell-ELISA was performed to determine whether any of the 82GPI
Ma_te”als a_nd Methods Abs (monoclonal and polyclonal) bound to endothelial monolayers through
Native and wild-typg32GPI the adheren32GPI and synthetic peptides. Serum-free endothelial cell

. . . cultures grown to confluence in 96-well microtiter plates were incubated
Native B2GPI was purified from human serum and characterized as Pregith: 1) human nativg82GPI (100, 50, and 25 nM); 2) recombinant wild-

viously described (13, 33). Wild-type synthetic molecule was obtained bytypeBZGPl (100, 50, and 25 nM); 3) recombing82GPI mutants (100, 50,

insertion of cDNA for humanB2GPI into the baculovirus viral DNA . : : . ;
L h and 25 nM); 4) synthetic peptides (up to 1QoBI); and 5) with serum-free
BacPAK 6 for expression in insect cellStodoptera frugiperdeS)) (20). medium fa 1 h at37°C. The unoccupied binding sites in the wells were

Wild-type B2GPI was purified from supernatants of transfected insect cellst en blocked with HBSS-0.5% gelatinrf h at37°C, and the plates where
its purity_assessed by SDS'PAGE’ and subjected to N-terminal a“?i“O add?ashed twice with HBSS. Affinity-purified anﬂQdPI 1gG and the IgM
sequencing as detailed previously (20). As well as ngi@@PI, the wild- 1 ap preparations, ranging from 100 to 3ug/ml, were added to the wells.
type molecule: 1) displayed PL-binding properties, since it bound to CL-afier 3 2-h incubation, followed by three washes, the plates were incubated
coated plates and inhibited the binding of native iodingi2&PIto CLin  \iih aikaline phosphatase-conjugated goat anti-human IgG or IgM (Sigma
solid phase;_ 2) expr_essed epitopes recognl_zed by afflnlty-purlfu_ed_ antlChemical, St. Louis, MO) for 90 min. After four washes, chromogenic
B2GPI Abs in an antB2GPI ELISA; and 3) displayed cofactor activity, g pstrate (5Qul of p-nitrophenylphosphate (1 mg/ml)) in 10% diethanol-
since it was recognized by ani2GPI Abs in a CL-ELISA (20). amine buffer, pH 9.8, was added to each well and incubated for 30 min. OD
B2GPI mutants was read at 405 nm (Titertek Multiskan ELISA reader; Lobsystein, Fin-
land) as previously described (27).
Site-directed mutagenesis was performed to assess the role of individuﬂ . . .
amino acids in the Ly$%Lys?®” loop for the PL-binding and anfg2GPI ndothelial E-selectin expression

activity as detailed (20). Four mutants were obtained: 1k, with a singleg_selectin expression was evaluated by a cell ELISA as previously de-
amino acid change from L§°to Glu; 2k and 2ka, with a double amino  scriped (27, 30). Briefly, confluent HUVEC monolayers in serum-free me-
acid change (from Ly&§®2"to GILP®®2*7and from Ly§®+2%7to GIP42%7 i,y \vere incubated with human purifig@GPI (100 nM) or synthetic
respectively), and 3k, with  triple amino acid change (from EYs202%7  peptides (80QuM) for 1 h at37°C. The cultures were then incubated with:
to Glu ?%4:2%¢-2%, In comparison to native and wild-tyg82GPI, mutant 1k 1) hyman IgM antiB2GPI mAb GR1D5 (at final protein concentrations
dlsplayed 1) re(_juced PL-binding activity, 2) Iow_er _cc_)f_actor acthl_ty _for ranging from 3.1 to 10Qug/ml); 2) human irrelevant IgM mAb TM1B9
ant_l-B'ZGPI Abs ina CL-ELISA, and 3) decreased inhibition qf the binding (100 pg/ml); 3) affinity-purified IgG antiB2GPI (100ug/ml); or 4) normal
of iodinated nativg82GPI to CL-coated plates. Double or triple mutants ,yman serum (NHS) 1gG (10@g/ml) in a final volume of 20Qul for 4 h
2k, 2ka, and 3k lost the PL-binding activity and did not display any co- 5t 37°C. After incubation, the cells were washed twice with RPMI 1640
_fac_tor activity_ for antiBZC_SPI_ Abs in CL EL]SA or th_e abi_lity to inhibit (Life Technologies, Grand Island, NY), 2.5% FCS (Flow Laboratories),
iodinated nativeB2GP! binding to CL. While mutations in the L% a4 incubated for 60 min at room temperature with 10®ell of murine
Lys**”loop altered the properties of the PL-binding site, they did not affectmonocional IgG specific for E-selectin at a final dilution of 1/1000 (Sero-
the recognition of all the mutants by purified aB2GPI Abs in an anti-  ec Kidlington, Oxford, U.K., catalogue no. MCA883). After three more
B2GPI ELISA (20). washes, the cells were fixed with 3% paraformaldehyde for 15 min at room
; ; temperature. Cells were then washed three times and incubated for another
B2GPI synthetic peptides 60 min at room temperature with 1Qd of peroxidase-conjugated goat
The peptides (P1, P8) spanning the residues of the PL-binding site of thanti-mouse IgG (Cappel, Cochranville, PA). After four washes with RPMI
fifth domain of B2GPI, were synthesized by the Queensland Institute 0f1640, 2.5% FCS, and one more with PBS alone, ADO6f orthophenylen-
Medical Research (Brisbane, Australia) as previously described (17, 34)iamine (0.5 mg/ml in sodium citrate buffer (1BM), pH 5, plus 0.01%
Residue numbers in the native protein and amino acid sequence were 2744,0,) were added. The OD values were read at 450 nm, after a 30-min
288, GDKVSFFCKNKEKKC for P1, and 274-288, GDKVSFFSKNKE incubation, by a semiautomatic reader (Titertek Multiskan). The following
KKS for P8, respectively (34). The residue GDKVSFF has been shown tccontrol cultures were also performed: 1) HUVEC incubated with human
be recognized by anB2GPl GR1D5 mAb, while the residue purified B2GPI (100 nM) or with synthetic peptides (up to 16QM)
CKNKEKKC displays PL-binding site activity (34). Accordingly, both P1 alone; and 2) HUVEC in serum-free medium alone. As a positive control,
and P8 were able to inhibit, in a dose-dependent manner, the binding cidditional cultures were incubated in the presence of 50 U/ml of human
anti-32GPI GR1D5 mAb tg32GPI. However, P8 did not display any co- IL-18 (British Bio-Technology Products, Oxford, U.K.) using the same
factor activity, since the substitution o8 and %8 with serine residues  experimental conditions.

affected the PL-binding activity (34). IL-6 production by endothelial cultures

Human monoclonal anig2GPI Abs To investigate endothelial IL-6 secretion, HUVEC cultures in serum-free

Three human mAbs of the IgM isotype derived from patients with APS medium were incubated with: 1) medium alone, 2) human purfs2GPI
were used. GR1D5 and TM1G2 have been characterized previously d300 nM), or 3) synthetic peptides (P1 or P8; 8GI) for 1 h at37°C.
reacting with humarg2GPI. TM1B9, which did not display reactivity to ~ After two washes with HBSS, the human IgM GR1D5 or the irrelevant
B2GPI, was used as a negative control. The characterization of the mAbgontrol TM1B9 (100ug/ml) were added to the cultures at a final volume

had been previously reported in detail (35). of 200 ul/well. As a positive control, HUVEC in serum-free medium were
] o o incubated with 50 U/ml of human rILA, and the experiment was per-
Detection and affinity purification of anB2GPI Abs formed as described above. After the incubation period (6 h at 37°C), the

. . . plates were centrifuged at 800 rpm at 4°C for 10 min, and the cell-free
Anti- 32GPI Abs were detected by a solid phase ELISA as described (10 upernatant was removed for IL-6 determination.

13, 27, 30). Sera from two patients with a primary APS were collected, and | g \vas measured as hybridoma growth factor (HGF) on the indicator
the whole IgG fractions were purified on protein G-Sepharose (HiTrap;tpq cell line, as previously reported (30).

Protein G, Pharmacia Biotech Europe Uppsala, Sweden) as previously re- '

ported (13). The antp2GPI Abs were then affinity purified using solid Ragylts

phase, linked32GPI as previously described (13). The characteristics of _. ~ . . .
the patients and of the affinity-purified preparations have been reported ifiNding of native and wild-typ@2GPI and mutants op2GPI

detail previously (13, 30). to HUVEC monolayer in vitro

Endothelial cell culture HUVEC cultured in serum-free medium were incubated with: 1)

HUVEC were isolated from normal term umbilical cord vein by collage purified native humarg2GPl, 2) recombinant wild-typ@2GPI,
nase perfusion and cultured as previously reported (27). Endothelial cellémd 3) 1k, 2k, 2ka, and 3k mutants B2GPI at several concen-

were grown in standard medium, washed three times with HBSS (Flowfrations. Endothelium-boun@2GPI was then evaluated as anti-
Laboratories, Irvine, U.K.) (20Ql/well), and cultured fo5 hinserum-free  2GPI| (GR1D5) mAb binding to the monolayers. In contrast to the
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Table I. Binding of GR1D5 antf32GPI mAb to endothelial cells 1000
incubated in the presence of natig2GPI, recombinant wild-type ‘
B2GPI, or recombinan3B2GP| mutant8

Protein Concentrations (nM)

100 50 25

Native B2GPI 849+ 91° 594+ 49 176+ 65
Wild-type B2GPI 915+ 54 933+ 38 329+ 86
Mutants of B2GPI
1K 528+ 84 437+ 93 297+ 69
2K 275+ 67 167+ 35 191+ 25
2Ka 202+ 54 179+ 32 214+ 45
3K 130+ 25 157+ 32 117+ 51

#GR1D5 antiB2GPI mAb was used at 10g/ml. GR1D5 antiB2GPl mAb
incubated with HUVEC in serum-free medium without exogenB@&P| gave the
following background binding values: 134 21 (mean of triplicate experiment
SD). Comparable experiments performed with the control human IgM mAb (TM1B9)
did not show any significant endothelial binding.

b OD values &10~%) are expressed as meanSD of triplicate experiments.

Endothelial binding (O.D. values x 103)

0 200 400 600 800 1000 1200

irrelevant human IgM mAb (TM1B9), GR1D5 anBi2GPI human Peptide concentrations (M)

IgM mADb recognizes both human native and recombinant wild-FIGURE 2. Recognition of adhered syntheti82GPI peptides to
type B2GPIl on HUVEC monolayers (Table 1). When endothelial HUVEC by the human ant32GPl mAb GR1D5 (100ug/ml) and the
cells were incubated with the 1k mutant, GR1D5 binding valuescontrol mAb TM1B9 (100ug/ml). GR1D5 binding to serum-free HUVEC
were 58% of those obtained in the presence of recombinant wildin the presence of synthetic peptides &) 6r P8 (¥) (0 to 1000uM) is
type B2GPI. No mAb binding was observed when HUVEC were shown. Parallel e_xperiments were conducte(_j with TMlBQ in the presence
incubated in the presence of mutants lacking the PL-binding prop®’ the same peptides, POJ or P8 (). mAb binding is expressed as OD
erties (2k, 2ka, and 3k) or with serum-free medium. Comparable(>< 107°) mean valuest SD of triplicate experiments.

results have been obtained with another human E2GPI

TM1G2 mAb (data not shown). All of the human mAbs were used

at a final protein concentration of 1Q@/ml, which was shown to ) oo

display optimal binding (see Fig. 1). GR1D5 mAb binding to culture_s (Table I). W|Id-typq_SZGPI supported Ab b|n.d|ng to en-
HUVEC was dependent on the final amount of na&GPI, of dot_hgllal cells at co_ncentratlons of 50 and 25 nM, higher than for
recombinant molecules, or of peptides, respectively, added to thBUrified human nativgg2GPI.

Binding of syntheti@32GPI peptides to endothelial monolayers

HUVEC cultured in serum-free medium were incubated with a
1400 synthetic peptide (P1) possessing the amino acid sequence that
binds to negatively charged PL. The synthetic peptide (P8) does
not bind to PL and was used as a negative control. The human
anti-B2GPI IgM (GR1D5) mAb that recognizes the common res-
idue GDKVSFF was used to identify the peptides on the endothe-
lial monolayer. Figure 2 shows that GR1D5 was able to bind
HUVEC in the presence of P1. Endothelial GR1D5 binding was
directly related to the amount of P1 added to the cultures, display-
ing maximum binding at a concentration of 8p®. No binding
was found with HUVEC incubated with the control peptide (P8) or
with HUVEC cultured in serum-free medium alone. Comparable
experiments performed with the irrelevant mAb TM1B9 displayed
negligible endothelial binding. Control endothelial monolayers
cultured in the presence of the optimal human nag2&PI con-
centration (100 nM) (30) displayed a clear GR1D5 binding (820
32, mean OD values X 103 + SD of three determinations).
Two affinity-purified antiB2GPI polyclonal IgG Abs (patients
M.B. and B.A.) were able to recognize humg@GPI and syn-
thetic peptide P1. Table Il shows the binding of the affinity-puri-
fied anti32GPI I1gG to endothelial monolayers in the absence or
GRILDS moAb protein concentrations (ug/ml) presence of humaB2GPI or in the presence of increasing con-
FIGURE 1. Endothelial GR1D5 binding at serial protein concentrations Cen.t.ratlons.Of P1 and P8 peptlFies. It. can be_ seen that am.”'ty'
in the presence of natie2GPI (100 nM:TJ) or synthetic peptides P1 (800 purified anti2GPI IgG preparations did not bind to endothelial

uM: ) or P8 (800uM: K). Values are expressed as OB (0 %) values; ~ monolayers cultured in serum-free medium and that the addition of
mean= SD of triplicate experiments. Negligible binding was found by human nativg82GPI restored the binding. The same IgG fractions

incubating HUVEC with the control mAb TM1B9 or with cells in serum- exhibited a dose-dependent binding to P1 but not to P8 on HUVEC
free medium (data not shown). monolayers. Control human IgG did not change their background
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Table Il. Binding of NHS- and affinity-purified anB2GPI IgG Table IV. E-selectin expression induced by af2GPI Abs on
fractions to HUVEC incubated in the presencef@GPI synthetic HUVEC incubated in the presence of either human purig&PI or
peptides or of nativg82GPI the synthetic peptides P1 and P8
Peptide affinity-purified affinity-purified HUVEC in Serum-Free Medium Incubated with
Concentrations M.B. B.A. 19G NHS*
Serum-free
P1 medium  Native B2GPI P1 P8
1000 uM 880 + 58° 700+ 51 182+ 71 alone (100 nM) (800 uM) (800 puM)
800 uM 850 = 50 510+ 28 115+ 55
400 uM 430 + 58 380+ 35 194+ 51 GR1D5 113+ 50* 1080+ 130 1003+ 98 95+ 41
200 uM 220+ 65 228+ 25 189+ 31 (100 pg/ml)
P8 TM1B9 113+ 41 94+ 48 100+ 21 100* 38
1000 uM 385+ 60 250+ 58 181+ 54 (100 pg/mi)
800 uM 390 + 55 230+ 51 192+ 62 affinity-purified M.B. 93+ 35 1175*+ 109 531+85 92+ 65
400 M 280 + 65 200+ 65  173* 32 (100 ug/mi)
200 uM 260 + 32 170+ 35 116+ 39 affinity-purified B.A. 90+ 24 990+ 59 70099 85* 42
Native B2GPI 1100+ 28 980+ 39 189+ 26 (100 pg/ml)
100 nM NHS 1gG 93+ 21 83+ 36 38+x12 89*+ 35
Without 188+ 32 179+ 47 216= 38 (100 ug/ml)
B2GPI IL-18 1298+ 75 1283+ 98 1293+ 93 1282+ 105
(50 U/ml)
21gG preparations were used at the concentration of Agnl. Medium 76+ 36 71+ 31 656+22 78x35
b Results are expressed as OD valugd @ 3); mean+ SD of triplicate experi-
ments. 2 E-selectin expression was evaluated by a cell-ELISA as describkiterials
and Methodsand expressed as OD values10 3); mean= SD of triplicate exper-
iments.

endothelial binding under any of the experimental conditions em-

ployed. Table Ill shows the dose-dependent binding of affinity-affinity-purified anti82GPI IgG, or of the respective controls. En-
purified anti2GPI 1gG to HUVEC monolayers incubated in the dothelial cultures treated with 50 U/ml of human rl|3-tvere used
presence od optimal concentrations of na{B&GPI or P1 or P8  as positive control for E-selectin expression. Table IV shows that,
peptides. Control NHS IgG did not display any endothelial bindingin contrast to IL-]3, both monoclonal and polyclonal arg2GP!I

even at highest protein concentration (19§/ml). Abs did not induce any E-selectin expression on HUVEC under
) o o ) serum-free medium conditions. The addition of human purified
E-selectin expression induced by Ab binding to synthetic B2GPI as well as P1 (but not P8) induced E-selectin. As shown in

peptides on HUVEC Figure 3, GR1D5 induced E-selectin expression even at protein
Since it has been demonstrated recently that both polyclonal andoncentrations as low as 12/g/ml. Parallel experiments with
monoclonal antig2GPI Abs can up-regulate adhesion molecule serial protein concentrations of affinity-purified IgG fractions
expression after endothelial binding (27, 30), we investigatedshowed that E-selectin was up-regulated at concentrations as high
whether affinity-purified IgG and human afB2GPI mAbs di-

rected against endothelium-bound P1 (and P8) were able to mod-

ulate E-selectin expression on HUVEC. To this end, HUVEC in 1000
serum-free medium were incubated with either native human !
B2GPI (100 nM) or peptide P1 (80aM) or P8 (800uM). E- 900

\

selectin expression was then measured in the presence of mAbs, of |
b 800 i

|

|

Table Ill. Binding of NHS- and affinity-purified ang2GPI 1gG

fractions, at serial protein concentrations, to HUVEC incubated in the 600

e
d t
presence of eitheB2GPI synthetic peptides or natiyg2GPI =]
£ s00 I i
P1 P8 Native B2GPI £ 1 % g |
(800 uM) (800 M) (100 nM) g 400 — .
affinity-purified M.B. z 300 é %
100 pg/ml 880+ 58 375x51 981+ 41 g 7
50 wg/ml 650+ 55 210+ 55 700+ 52 = 200 - é
25 pg/ml 421+ 50  180+28 506+ 39 v
12.5 pg/ml 215+ 42 151+ 35 302+ 42 i
6 ug/ml 118+ 24  129+27 200+ 34 100 |
3 pg/ml 105+32  115+38 162+ 36 ‘
affinity-purified B.A. 0 ;
100 pg/ml 775+ 36 139+ 55 854+ 32 h : e
50 pg/ml 400+ 31 125+ 18 421+ 35 GRI1D3 moAb protein concentrations (ug/ml)
25 pg/ml 226+ 26 142+ 25 317+ 22
12.5 ug/ml 119+ 32 162+ 32 129+ 12 FIGURE 3. Anti-B2GPI mAb GR1D5 recognizes the synthetic peptide
6 ug/mi 135+ 29 145=* 27 124+ 32 P1 bound to HUVEC and induces E-selectin expression in a dose-depen-
3 pg/mi 145+ 21 115+ 25 115+ 23 dent manner. GR1D5 was used at serial protein concentrations (100-3.1
I9G NHS ug/ml). E-selectin expression was investigated in HUVEC cultured in the
100 pg/ml 122+14  116+31 132+ 22 presence of humaB2GPI (100 nM:LJ), or synthetic peptides P1 (8QM;
2 Results are expressed as OD valugd@ 3); mean= SD of triplicate experi- ~ 2) 0f P8 (800uM; ), or in serum-free medium alonél. Values are

ments. expressed as ODX( 10 %) values; mean+ SD of triplicate experiments.
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B2GPI Abs have been found to display low affinity binding and to
require increased Ag density such as that offere@®@PI bound

to anionic structures (3, 5, 13). Alternatively, some authors have
reported that conformational changes occurring in bogaaPI
might expose new epitopes eventually recognized by 2@PI

Abs (18).

It has been demonstrated that a highly positively charged amino
acid sequence, Ly8*Asn-Lys-Glu-Lys-Ly$®?, located in the
fifth domain of 32GPl, is the PL-binding site involved in the bind-
ing to CL-coated plates (16, 17, 20). A single amino acid substi-
tution from Lys®®to Glu (mutant 1k) decreased the binding of
B2GPI to CL in a significant manner. Further substitutions—from
Lys?86287t0 GIUP®6-287(mutant 2k), from Ly$%4287to GIuP®4287
(mutant 2ka), and from Ly&4286:287tg G|P8+4286-287(mutant
3k)—completely abolished the ability @2GPI to bind to CL-
coated plates (20).

Our data show that recombinant wild-typ@2GPI binds
= N HUVEC monolayers in a comparable manner to the native human
molecule. BoundB2GPI was recognized both by human IgM
GRIDS (100pg/ml) TM1B9 (100pg/ml) mAbs and by affinity-purified polyclonal 1IgG an82GPI Abs
from two patients with APS. Using the recombing82GPI mu-

1200

1000 —

800 1

1L-6 (pg/ml)

FIGURE 4. Endothelial IL-6 secretion by HUVEC incubated in the tants, we demonstrated that the endothelial cell binding was com-
presence 0f32GPI or synthetic peptides and ap®GPl mAbs (GR1D5 ' 9

and TM1B9). IL-6 secretion was evaluated in supernatants of HUVECparab!e t_o.that obtained in the CL-ELISA. ArﬂB.GPI Ab blnd.lng
cultured in serum-free mediurij or in the presence g#2GPI (100 nM;  Was significantly reduced when HUVEC were incubated with mu-
@), P1 (800uM; ), or P8 (800uM; H). IL-6 levels are expressed as mean tant 1k, and it was completely abolished with 2k, 2ka, and 3k
pg/ml = SD of triplicate determinations. mutants of32GPI. These data suggest tiB2GPI binds to human
endothelium by the major phospholipid-binding amino-acid se-
qguence in the fifth domain. To confirm this observation, we used
as 25ug/ml (data not shown). To confirm the specificity of this two different peptides: P1, Wh'BCh co_ntams the sequ_encezgé‘-ys
phenomenon, HUVEC monolayers were also incubated in thelgys-Asn-Ly_s-_GIu-Lys-Lys_—Cy%g' previously found to display PL-
inding activity, and P8, in which the substitution of E¥sand

presence of high P1 and P8 concentrations alone: no E-selectin’ 5gq” : . . -
expression was demonstrated even at peptide concentratio# % with serine residues abolished PL-binding (17, 34). Both

higher (160QuM) than those used in the experiments performed ir]peptides contain additional residues (GDKVSFF) that have been

; reported to be an epitope for human monoclonal IgM g2GPI
the presence of the anii2GPI Abs (data not shown). AbGR1D5 (34). The lack of reactivity of GR1D5 with HUVEC

To exclude that endothelial activation was, in part or entirely,. . ’ N
. o . ncubated in the presence of P8 and its dose-dependent binding to
related to endotoxin contamination of the Ab preparations, paralle . . . .
UVEC incubated in the presence of serial concentrations of P1

control experiments were also performed in the presence of POIyf_urther support the involvement of the PL-binding site in the ad-

myxin B (5 pg/ml; Sigma Chemical). The Ab-induced E-selectin . . . o
expression did not change. These findings suggest that endotox fpsion of 2GPI to the_ endothelium. Ir)terestlngly, ‘V_VO affln_lty-
contamination does not play a major role in Ab-mediated endo_purlfled polyclonal antiB2GPI 1gG fractions from patients with
thelial activation (data not shown) APS were shown to recognize P1 adherent to endothelial mono-
’ layers. The latter finding is consistent with the presence in APS
Ab binding toB2GPI synthetic peptides on endothelial cells up- sera of Ab specificities that react also with epitopes present in the
regulates IL-6 production fifth domain of the molecule (34).
We have previously reported that although g#82iPl GR1D5

To evaluate whether E-selectin expression was associated WitttlllAb binds to P1 when it is complexed with CL, it is unable to
other parameters of endothelial cell activation, we also investi- '

. " react with microtiter plates coated with the same peptide in the
gated whether GR1D5 mAb was able to induce IL-6 production ; -
once bound to P1 adhered on HUVEC. Figure 4 shows that inCu{;lbsence of CL (34). Itis reasonable to conclude that the binding of

: . .~ P1 to endothelial monolayers offers a suitable Ag density or the
bation of GR1DS mAD with serum-free HUVEC pretreated with optimal peptide conformation, as is found in CL-coated plates.

P1 up-regulated IL-6 secretion in an equivalent manner to moN0-" jooct antj82GPI mAb binding, endothelial monolayers, as
Iayersl mcub_atedb W'tg puhrlfled humbe;ﬁZGPl. End?gmsellald%eng ell as CL-coated plates (34), require a much higher peptide con-
monolayers ncu ated with compara e ar_no_unts ° an _~Centrations than that used with nati2GPI. These findings might
MAD displayed levels of “‘.-6 production S|mlle_1r o those found in be consistent with the higher affinity displayed by the PL-binding
control HUVEC cultures in serum free-medium alone. Control _.. . . . ) .
TM1B9 mAb did not modify IL-6 background production under s!te n th? hatlve molec.ule than in the.pe.ptldes and/or. with the
any of the experimental conditions studied. Endothelial cell cuI-hlgher a\.”d'ty of the nativeg2GPI for anionic PL (or equivalent
tures performed in the presence of human. (RABO U/ml) se- e_ndc_>thel|§1l structures) due to the presence of more t_ha_m one PL-
creted high levels of IL-6 in the supernatants (165G0 pg/ml bln_dlng site. On _the other hand,_ the aﬁ'r?'ty arjd/or avidity of the
mean values- SD of triplicate experiments) ' anti-B2GPI mAb itself could be higher for its epitope expressed on

) the native molecule than on the peptide.
. . The binding between anB2GPl Abs andB2GPI (or the P1
Discussion peptide) anchored to endothelial membranes activates the cells as
The binding of 2GPI to anionic structures seems to be a prereq-demonstrated by the up-regulation of E-selectin expression and
uisite for allowing Ab recognition of the molecule (3, 36). Anti- IL-6 secretion. These findings confirm previous data on endothelial
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cell activation obtained with whole IgG fractions from APS sera 6.
(32) or with both human monoclonal and polyclonal affinity-pu-
rified 1gG antiB2GPI Abs (27, 30). In addition, our results indicate 7.
that a linear amino acid sequence of the fifth domairBaGPI,
which includes the major phospholipid-binding site, is one of the
epitopes for ant32GPI Abs that bound to human endothelial cells.
It has been suggested that the membrane binding of IgG aPL Abs
might affect cell activation through the involvement ofyiRe(37). 9.
The demonstration that ang2GPI IgM mAbs induce endothelial
cell activation, in the presence of peptide P1, rules out this
possibility.

B2GPI is a normal plasma glycoprotein whose endothelial cell

binding might represent a physiologic event related, for examplell.

to the cell uptake of lipid-carrying proteins (23). Accordingly,

B2GPI adhesion to endothelium has been described even in normgj,

placental vessels in in vivo studies (33, 38). Recently, Takeya et al.

(39) demonstrated that amg2GPI mAbs exert lupus anticoagulant 13
activity by enhancing the binding @2GPI to phospholipids. Such

an effect may account for the stabilization of the bindin@@@GPI

also to endothelial cell membranes and for the changing of a phys-

iologic binding into a pathologic one. Moreover, the clustering 14.

effect of antif2GPI Abs on endothelial-adher@@GPI molecules
may also be the molecular means by which APS sera perturb thg,
endothelial function in vitro.

In conclusion, our results are consistent with a modg82GPI
acting as an endothelial cell target Ag for circulating §82iGPI
Abs in APS.B2GPI binds endothelial cell membranes through the

predicted PL-binding site; its binding is apparently able to trap and.7:

increase Ag density and/or to induce conformational changes suit-

able for Ab binding. The final event is represented by functionalisg.

changes in the endothelium that might be instrumental in promot-
ing a procoagulant tendency. However, despite high levels of cir-

culating autoantibodies and such in vitro findings, there are nauo.

evidences for an in vivo |g deposition in the patients’ vascular
lesions (40). In this regard, it is useful to point out that &GPl 20,
Abs have been characterized as low affinity Abs (13, 41). There-
fore, in vitro experimental conditions might offer the best Ag den-
sity and the optimal Ab binding that could be affected in vivo by ,;
detachment (or engulfment) of the Ab or tB2 GPI/antif2GPI
complexes from endothelial membranes. In such a way, endothé&?-
lial binding could induce the activation state without a huge Ig
deposition detectable by standard immunohistochemical analysigs.
Thrombosis would require a second triggering factor, thus explain-
ing why patients with persistent serum autoantibodies display clot?*
ting events only occasionally and in the absence of detectable Ig
deposits. 25.
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