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ABSTRACT

The mechanisms by which lupus anticoagulant and anti-
phospholipid autoantibodies cause hemostatic abnormalities
patients with systemic lupus erythematosus (SLE)  are poorly
understood, We have approached this problem by 1wvestaipating the
binding and functaonal effects of human hybr rdona lupus
anticoagulant, anti-phospholipid and ant1~-DNA autoaut tbodies d-rived
from SLE patients on platelels and endothelial cells, Most lupus
anticoagulant antibodies did not bind to 1utact platelets  ad
endothelial cells 1in vitro, while manv anti-phospholipid and ant1-DNA
antibodies were reactiave., A  comparison of  SLk  and noymal-deyaved
autoantibodies demonstrated that.  platelet-binding  autoantibodiey
derived from SLE patients exhibited greater antigen specificity and
platelet cytotoxicity than simmlar antibodies derived from novmal
individuals. By Western blotting analvsis, many  SLE=desaved
polyspecific antibodies reacted specirfically with individual platelm
proteins, whereds normal-derived polvyspecitic autibodies did not. Ope
SLE-derived antabody, 9604 was {found to react with AbP-actjvated
platelets but not  resting platelets., The reactive components- in
platelets were reducible polypeptides of approximately 200,000 aud
32,000 molecular weipht. These data suppest that some LLE
autoantibodies may be able to interact with platelets and result g

cell lysis or dysfunction in vivo.
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RESUME

l.es méchanismes par lesquels les auto-anticorps anticoagulants
lupiques et anti-phospholipirdes causent des abnormalités hémosta-
tiques dans les palients, avec le lupus érythémateux desséminé (LLED),
sont mal compris. Ce prohbleme a été approché par 1'investigation des
etfets de réaction et fonction des anticoagulants lupiques, anti-
phospholipides et ant1-ADN des hybridomes humains dérivés de patients
avee LFD, avee tes plaquettes et cellules endothélaales, La majorité
des anticorps anticnagulants lupiques n'ont  pas  réagit, 1n vatio,
avec  les  plaquettes  antactes nr avece les cellules endotheliales,
pourtant, plusieurs des anticorps anti-phospholipides et anci1-ADN
ctarent adactits, Une camparalson d'acto-anticorps déravés d'indi-
vidus normaux ot LED, a Jdémontré que les auto-auticorps, LED-dérivés,
qui oreaptssent avee tes plaguettes, présentent une spécificite aux
antipgenes et une cyvtotoxicité  plus élevée que celles des anticorps
seublable dYidavidus vormaux,  Par 1'analyse "Western blot", plus-
1ewrs auto-anticorps polvspécr1fiques, LFED-déri1vés, 16dg1ssent spéci-
trquement  avee  des protémes 1ndividuelles de plaguettes, tandis que
tes anticorps palvspée it iques, dérivés d'individus normaux, ne 1éazi-
ssent pas, L'auticorps, 9604, LED-devivé, a été trouvé réagissant
avece des  plaquettes activées avee de  1'adénosinebiphosphate et non
avee  des plaquettes  yeposantes, Les composantes réactives des
plaquettes sont des polypeptides réductibles de poids moléculaire
d'euviron 200,000 et 32,000, les résultals sugg@rent que quelques
auto-anticorps, LED-déravés, peuvent réagir avec les plaquettes, le

resultat étant la lvse ou mal fonctionnement de cellules 1n vivo,
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PREFACE

In accordance with the regulations described in the Guidelines
Concerning Thesis Preparation of the Faculty of Graduate Studies and
Rewearch of  MceGill University,  papers which have already been
publ1shed or which have been submitted for publication have been
icorporated 1nto  this thesis, The Division ot Experimental Medicine
has approved this format for thesis submission, 7%he following 1is

guuted drrectly trom the Guidelines Concerning Thesis Pregaration:

"fhe capndidate  has the  option, subject 1o the approval of the
Depay tment, ot ncluding as part of the thesis the text, orx
dupticated  published  text {see belowr, of a1 origlnil paper, or
papers. In this case the thesis must sti1ll conform to ail other

requiyenent explatned 1 the  Guidelines Concerning  Thesis

Mreparation, Additional material (procedural and desaign data as well
as descriptions  of equipment) uwust be provided 1n sufficient detaal
te,p. i oappendicesy to allow a clear and  precise judgement to bhe
wade ot the amportance and originality of the research reported, The
thesis should he more than a mere collection of manuscripts published

o1 to  be published. 1t must  include a general abstract, a full

mtroduction and  literature review and a  final overall conclusion.

Comed ting, texts which provide logical bradges between different
manuscripts are usually desirable an the interest of cohesaon,

The wmeclusion of manuscripts  co-authored by the candidate and
others 18 acceptable but  the candidate 1s required to make an

explicit statewent on  who contributed to such work and to what
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Vi
extent, and supervisors must attest to the accuracy of the claus,
e.g. before the Oral Committee. Since the task of the examiners s
made more difficult in these cases, 1t 1s 11 the candidate's mterest
to make the responsibilities of authors perfectly clear, Candtdates
following this option must 1nform the Department before 1t subuit s
the thesis for review.,"

Manuscripts (Chapters IIX, IV. amnd V) which have aliready been
published, accepted or submitted for publicatiou; au ndividual
chapter (Chaptexr VI) describing unpublished 1results, which 15 0l
direct anterest to the subject of this thesis, but does not contam
sufficient data to warrant publication at the present  time; and
appendices (Chapter X} including data of preliminary exper iments and
methods whiaich have not been described 1n the manuscyipts, have bheen
incorporated 1nto thas thesis. The Abstract, General Inthroduct ron
(Chapter 1), Rationale, Objectives and Significance ol the Present
Investigation (Chapter 1[I1), General Discusstron  and Futiee
Perspectives (Chapter VII) and Statement of Orviginality (Chapter
VIII) are related tu the research described 10 Chapters 111, {1V, V
and VI,

In the thesis, each manuscript (Chapters III, IV and V) has 1ts
own references at the end of the chapter. The references for other
chapters of the thesis are compiled i1n Chapter IX of the theyis.

The following 1s a last of the published, accepted or submitted
manuscripts which are 1ncluded 1n this thesis:

Chapter III. Rauch J, Meng Q-h and Tannenbaum H:  Lupus

anticoagulant and anti-platelet properties of human  hybr 1dona
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autoantibodies. Journal of Immunology 139:2598-604, 1987,

Chapter IV. Meng Q-h and Rauch J: Differences between human
hybridoma platelet-binding autoantibodies derived from SLE patients
and normal individuals. Autoimmunity 1989. (In press),

Chapter V. Meng Q-h and Rauch J: An SLE-derived human hybricdoma
autoantibodies reactive with antigens evpressed on ADP-activated
platelets. Blood 1989, (Accepted, pending revisions).

In the study described in Chapter III, which I cc-authored with
my supervisor, Dr. Joyce Rauch, and my co-supervisor, Dr. Hyman
Tannenbaum, I performed all of the experiments except for the enzyme

digestion experiments, which were done by Joanne Wild, a technician

in Dr. Rauch's laboratory.
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CHAPTER I

GENERAL INTRODUCTION

A. AUTOANTIBODIES IN SYSTEMIC LUPUS ERYTHEMATOSUS (SLE)
1. Multifactorial Etiology and Pathogenesis of SLE

Systemic lupus erythematosus (SLE) 1s a disease characterized by
damage to multiple organs and tissues. Historically, Osler attributed
the systemic form of the disease to vasculitis (1). Clinmically, SLE
1s marked by the variability of 1ts symptoms, which may 1include skin
and mucocutaneous lesions, chronic inflammation of connective tassue,
arthratis, dermatitis, vasculitis, hematologic abnommalities,
myositis, nephritis, peripheral neuropathy and central nervous system
disease, myocardial disease, and verrucous endocarditis (2). The
laboratory discovery of the lupus erythematosus (LE) cell phenomenon
by Hargraves et al. (3) 1in 1948, which showed that the aucler of
normal leukocytes were stained by SLE sera, and the demonst!ration
that antinuclear antibodies in SLE sera were responsible for this
reactivity (4) revealed that SLE 1s an autoimmune disease,

Immunologically, SLE 1s characterized by the presence of
multiple circulating autoantibodies, 1n particular, antinuclear and
anti-deoxyribonucleic acaid (DNA) antibodies (reviewed 1n Section A)
of thas chapter), although not all pataents develop high levels of
these autoantibodies. The overproduction of antibodies, which 1.
thought to be at least partially responsible for the pathogenic
processes 1n SLE, 1s a result of increased numbers of activated B

cells. Marked B cell hyperactivity (5), wncreased B cell




profiteration () and increased numbers of plaque-forming (antibody-
secreting) cells 1n peripheral blood lymphocytes have been
demonstrated 1n SLE  patients (7)., A strong posiltive correlation
between the increase  1n mimbers of 1mmunoglobulin (Ig)-secreting

cells and disedase activity has also heen shown (8.9),

Deposits of  antigen-antibody complexes 1n various tissues, with
subsequent complement fixation, 15 a4 primary pathogenetic mechanism
causinge Lissue anjuwry in SLE, and high levels of antibodies togethex
with low €3 levels are highly predactive of the presence of active
SLE disease ¢10-13). The damage mavy be caused esther bv i1mmune
complexes which are  formed exogenously and trapped 1in various
tissues, so ci1lled "bystanwer lysis", or by 1mmune complexes formed
1 s1tu by the binding of circulating antibodies to tissue antigens.
The outstanding  example of the pathogenesis of DNA-contalning immune
complexes o SLEF 1s lupus nephritis, 1n which high concentrations of
hiph attrmty ant1-DNA antibodies can be eluted from kiadney specimens
C12-1%) and taissue bound DNA and complemeat proteins can he detected
in aenal tissue by tmmunof luorescence techniques (15,

vellular ammunity  1s  also  abnornal in SLE patients. Although
mitial studres ot T cell function showed that there was o
ditterence 1n delayed-tvpe hypersensitivity reaction between SLE
patients and norwal 1ndividuals (16), many subsequent studies have
reported uot only depressed delaved-tvpe hypersensitivity reactions.,
but also lymphopenia and aut1-T cell antibodies 1n patients with
active discase  (17-20), A reduced proliferative response to T cell

mitogens was tound v active SLE by a majority of 1nvestigators (21-




23). There also seemed to be a lass of T suppressor cell activity
active SLE (24-26), as well as reduced natural killer (NK) tunction
(27) and depressed xenogeneilc cell-mediated lvmpholysis (28),

Epidemiologically, the higher 1ncidence of SLE in certain taces
and 1n women, the family tendency of the discase, and the
relationship of disease onset to seasons (exposure to sunlipht),
geographical locations and infections indicate that both genetic
environmental factors are 1involved (2,29). It appears likely that
various combinations of these factors result 1in the polymoyphic
behaviour of SLE.

2, Autoantibodies in the Sera of SLE Patients and Polyspecificiaty

of Lupus Autoantibodies

The presence of multiple serum auntoantibodies s one of the man
immunological features of SLE patients (30, These  lupue,
autoantibodies are summarized in Table 1 and nclude non-t1ssne
specific antaibodies reactive with ccllulay components of all tiasue,
such as antinuclear antibodies and anti1-DNA  antibodies, and tissue
specific antibodies directed against cellular elements ol certann
tissues, such as anti-platelet antibodies. The presence and titers of
these autoantibodies vary in different patients., Furthernwore, 1t s
difficult to determine whether the autoantibodies cause oy  are the
result of the disease and which antibodies are 1uvolved 1n tissue

damage.




Table 1. Autoantibodies 1in the Serum of SLE Patients

Autoantibodies Reported in SLE References

Nuclear Antigens (80%)*

Double (80%) or single-stranded DNA(90%) 10,31-34
Deoxyyibonuc leoproteins 35,36
Histenes 37-39
Nonhastone (acidic) proteins
Ribonucleoprotens (RNP)Y (30-50%) 40-44
Sm antigen (30-407%) 40,43,45
S$S-A (Ro) (20-307%) 45,46
$S-B antigen (La) (12%) 43,4647
cyloplasmic Antigens
RNA 48
Ribosomes 49
$8—-A (Ro) (20-30%) 45 ., 46
$Ss—-B antigen (La) (12%) 43, 40,47
Microsomes and mitochondraa 50,51
Cytoskeleton 52

Cellular Antigens

Frvthrocytes (38/150) 33
Lvmphocvte cell antagens (80%) 17-19
T lvmphocytes 53
Neurons (75%) 54
Matelets (78%) 55-59
Endothelial Cells (45-74%) 60-62
Soluble Components
Factors V11D, IX and XI 63,64
Phospholzpids (Lupus anticoagulants) (20-30%) 65-67
G (rheunatoird factors) (40%) 68
Polv{ADP-r1bose) 69

* The percentage (%) 1n parentheses indicates the % of SLE patients
found to have this reactivity in the cited studies.




Untal recently, the diverse serological phenomena which
distinguish SLE from most other autoimmune diseases have not been
well understood. However, the developwment of hybiidoma technology has
permitted cloning and precise chardacterization of  mdividual
autoantibodies. The 1natial finding that a saingle monouclonal antibody
to DNA was reactive with multiple synthetic polvuucleotides and
phospholipids (PLs) (70) 1indicated that the hetcerogeneity of the
serological reactions in sera from SLE patients may result not only
from a diversity of autormmune antibodies, but also from multiple
reactaivities of individual antibodies, In othey words, the
polyreactive serology of lupus sera may be due, at least 1n part, to
the polyreactavity of andividual autoantibodies. VFor example, the
reactivity of certain hybridoma anti1-DNA anl1bodies with PLs has been
proposed to be due to binding to the phosphodiester backbone
structure common to both DNA and PLs (70).

Polyspecificity to several different autoantigens, was,
subsequently, recognized to be a common characteristic of both mouse
and human monoclonal anti1-DNA autoantibodies (71-73), which have heen
reported to react with Ig (73), cytoskeletal proteins (74,7%),
platelets (76,78), Sm antigen (79) and polypeptides on cell menbranes
(80). Furthermore, the majority of DNA-binding monoc onal
autoantibodies and purified serum anti1-DNA antibodies show a wide
range of cross-reactivity with synthetic polynucleotides, such as
poly (dT) and poly(I), but each monoclonal autoantibody tends to have
a unique banding profile (71,73,81-83).

It remains to he proven definitavely, however,  that
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autoantibodies 1n SLE sera have similar properties to monoclonal
hybridoma antibodies. Furthermore, questions regarding the origin of
polyspecific and monospecific autoantibodies to DNA and their
involvement 1n  pathogenesls remain unanswered. There 1s still

controversy concerning the involvement of antigen 1induction and

polyclonal activalion in the production of autoantibodies in SLE.
These 1ssues may be resolved with the cloning of genes which encode
polyspecitic and monospecific autoantabodaes.

3. Antinuclear and Anti-DNA Autoantibodies

Considerable progress has been made i1n the characterization of
Jupus autoantibodies since the discovery of anti-DNA (31) and
antinuclear (84) antibodies in the serum of lupus pataients usang
fluorochrome—-labelled antibodies an 1957, Antinuclear antibodaies
(ANA), which are seen in more than 90% of SLE patients, are comprised
ol antibodies reaclave to four main groups of antigens: 1) DNA; 2)
deoxyribonucleoproteins; J) histones and 4) nonhistone (acidic)
nuclear proteins (10,31-47). 0f these antibodies, anti-double
stranded  DNA (dsDNA) antibodies are considered the most
characteristic and the most specific for SLE, as approximately 85% of
SLE pataents are seropositive for these autoantibodies at some poant
in their disease (85).

The tollowing specificities have been observed for anti-DNA
antibodies: 1) reactaivity to denatured or single-stranded DNA (dDNA,
ssDNAY only; 2) reactavity to both dDNA and native double-stranded
DNA (nDNA, dsDNA); and 3) reactivity to nDNA only. Theoretically,

the heterogenelty of anti-DNA antibodiles may be attributed, at least

B



in part, to the structural complexity of DNA molecules, which are
composed of deoxyribose sugars, phosphate, and purine and pyrimidine
bases and have a helical structure. Although the 1mmunogenicity of
nucleic acids has long been 1n  question, 1t is well establashed 1
experimental animals that the B or native double-stranded foim ot
nucleic acid helices, characterized by bases perpendiculay to and
aligned with the helix axi1s and a vrelatively narvrow helical
structure, 1s not immunogenic. On the other hand, the A foim of
nucleic acid helices, or 2 form of poly (d(G-C)), characterized hy
bases tilted and offset from the heli1x axis and a more opew helical
structure, 1s i1mmunogenic (reviewed in 86,87).

Cross~reactivity of some monoclondal ant1-DNA antibodies with PlLs
suggests that phosphodiester 11nked groups in the backhone of DNA may
he antaigenic (70). Interestingly, 1t was 1udeed found that DNA-
binding antibodies could be 1induced by i1mmunization of normal mice
with cardiolipin (CL) and that these antahodies hore a4 strong
resemblance to CL-reactive monoclonal anti1-DNA antibodies derived
from autoimmune MRL/1px mice, suggesting that PLs may he capable of
inducing the production of some ant1~DNA antibodies (88), In addition
to the deoxyribose-phosphate backbone, base conformation might also
play a role in antibody specificity (87,88), From these obscervations,
it 1s apparent that the terms "ant 1—-dsDNA antibody' and "anti-s5DNA
antabody' may be not as immunologically restrictive as they seenm,

The pathogenesis of ant1—-DNA antibodies 1n SLE patients has heen
investigated primarily in studies of the 1sotypes, isoelectric points

(pT) and binding specificities of these antibodies. Anti1-DNA
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antibodies have been suggested to be responsible for SLE lupus
nephratis (89). Although human lupus nephritis tends to be more
severe when patients have mainly anti-DNA 1IgG rather than anti-DNA
IgM 1in their serum (14,90), the relative preponderance of IgM or IgG
ant1-DNA antihbodies does not necessarily correlate with the severity
of other clinical features of 1lupus (91). Some 1nvestigators have
found that only certain subpopulations of anti-DNA antibodies are
involved in the pathogenesis of renal disease in human and mouse SLE.
The pI of monoclonal anti-DNA antibodies derived from autoimmune mice
and patients with SLE range from 5.5 to 9.0, but only those
antibodies with pI between 8.0 and 9.0 have been eluted from kidney
deposits, suggesting that ant1—-DNA antibodies which are positively
charged may be more pathogenic to the kidney (92-94). Anti-DNA
antibodies may cause damage by binding directly to tissue or cell
membrane constituents, such as heparan sulfate in the glomerular
basement membrane (95,96) and fibronectin, a protein 1in the
extracellular matrix (97). Furthermore, the ability of anti-DNA
antibodies to fix complement (14) and the avidity of anti-DNA
antibodies may also be relevant to their pathogenicity (98).
4. Anti-Platelet and Anti-Endothelial Cell Antibodies

Anti-platelet antibodies occur frequently in patients with SLE.
Karpatkin et al. (55) reported that anti-platelet antibodies could be
detected 1n 78% of patients with SLE, although only 14% of these
patients were thrombocytopenic. Efforts have been made to
characterize the relationship between anti-platelet antibodies and

platelet function and to identify epitopes on platelets responsible
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for autoantibody binding. Kaplan et al. (58) studied the reactivities
of sera from SLE patients with platelet membrane proteins derived
from normal and autologous platelets wusing an 1mmunoblotting
technique. Two target antigens of 108,000 and 66,000 M.W. were found
for some SLE sera. These antigenic determinants were not removed by
proteolytic treatment of intact platelets or by reduction and were
localized in the 1intra-cytoplasmic membranes. Another group of
investigators detected elevated levels of platelet-binding Ig 1in
serum of all 10 SLE patients with thrombocytopenmia studied by ELISA
and these sera consistently bound to platelet proteins of approxi-
mately 120,000 and 80,000 molecular weight (M.W.) by Western blotting
analysis (59). The binding of 1mmune complexes to platelets or an
increase 1n IgG bound to platelets via Fc receptors was noted in some
autoimmune dasorders including SLE (99,100). It was also reported
that all 4 SLE sera studied caused aggregation and i1mmunofluorescent
staining of normal platelets and that the active fractions 1n these
sera contained antibodies to Clq, Cls and B,-microglobulin (57).
Weissbarth et al. (56) demonstrated that anti-platelet antibodies
from patients with SLE and rheumatoid arthritis induced serotonin
release from platelets. In addition, the binding of IgG~containing
immune complexes to platelet Fc receptors was associated with
platelet phagocytosis, which induced release of granule contents and
aggregation of circulating platelets, suggesting that the formation
of platelet aggregates or the destruction of platelets may be caused
by cooperative effects 1in these patients. However, the role of

platelet-binding autoantibodies in thrombosis, thrombocytopenia and
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abnormal platelet function have not been as clearly defined in SLE
patients as in drug-induced (101-105), homosexual-related (106,107),
and 1diopathic (108-117) immune thrombocytopenic purpura.

There has been very little data on the reactivity of human
hybridoma anti-platelet antibodies from patients with either SLE or
immune thrombocytopenic purpura (76,118,119). Asano et al. (76)
studired the platelet-binding properties of monoclonal hybridoma anti-
DNA autoantibodies derived from SLE patients. They found that SLE-
derived hybridoma autoantibodies to ssDNA crossreacted with platelets
and that the epitopes did not appear to i1nvolve DNA, protein or
sialic acid. Functionally, these platelet-reactive antibodies did not
inhibit platelet aggregation induced by adenosine diphosphate (ADP),
thrombain or ristocetin. Although some defined antigenic epitopes on
the surface of platelets have been shown to serve as autoantigens,
the molecular mechanisms which are 1involved 1in causing lowered
platelet counts and abnorinal platelet function in SLE remain unknown,

Relatively few studies have 1investigated the presence of anti-
endothelial cell (EC) antaibodies 1in SLE patients. This 1s probably
due to the methodological difficulties inherent 1n measuring these
antibodies and the fact th.: injury to ECs usually results in the
pathogenic ainvolvement of other cells or tissues (60-62,120,121),
Ant1-EC antibodies with the abilaity to fix complement have been
reported in the sera of SLE patients (60), but recently 1t was found
that purified anti-EC IgG from SLE sera did not induce complement-
mediated cvtotoxicaity (6l1). In this study, the IgG anti-EC antibodies

were not associated with either anti-CL or anti-DNA, but were
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absorbed by human dermal tibroblasts and partiatly by civthhocvtes
and leukocytes. Another recent study of 51 SLE sera demonstiated that
the presence ot IgG and IgM anti1-EC antibodies did not corvrelate with
ant1-dsDNA, anti-CL, anti1-PS or lupus anticoagulant (LAY antibodies
in SLE sera, although absorption with CL Tliposomes partirally
inhibited EC banding and affinity-puritied ant1-Cl, antibodies were
able to react with 1ntact ECs, suggesting a partial overlap of anti-
EC and anti-CL antibodies (»2), Immune 1njury to FCs mey  be an
important mechanism 11n thrombotic complications i SLE patients,
since ECs are in direct contact with circulatiug platelets, tnmune
cells, antibodies, 1immune complexes and complement {see Section BlY
of this chdapter). Although 1t 15 clear that there are antibodies
reactive with cultured ECs 1n the sera of SLE pataents (60-62) and it
has been shown that EC 1njury promotes active binding of 1mmune
complexXes to these cells (122), 1t 1s uncertain whether the 1ntact
endothelium 1s the target of autoantibodies., Furthermore, 1t remains
unresolved whether anti1i—-PL antibodies form an important pathopeunic
subset of ant1-EC antibodies.

5. Anti-Phospholipid and Lupus Anticoagulant Antihodies

a. Structure, Function and Immunogenicity ot Phospholipids

Phospholipids, the wmain constituents of cell membranes, ave
extremely important in maintaining normal  cell  function  and
communication between the 1nternal and external environments of
cells. They are also necessary components of the coagulation process,
both 1n vitro and in_vaivo. PLs 1n the platelet membrane  seyve ag

storage depots for arachidonic acid (AA), the essential fatty acid
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required tor thromboxane (TXA,) and hydroxy fatty acid synthesis.
Phosphatidylserine {PS) and mixtures of phosphatidylinositol (Pl) and
PS are almost as active as the platelet surface itself in the
promotion ot coagulant activity (123), PLs represent 79% of lipids 1n
whole platelets, which are mainly composed of phosphatidylcholine
(PC) (38%), phosphatidylethanolamine (PE) (277%), sphingomyelin (17%)
and PS (10%) (124). Most PLs 1n normal biological membranes exist 1in
the bilayer phase with asymmetric transbilayer dastributiong. In the
platelet, PS and PE, which are both important in initiating the
coagulation process, are mainly localized to the interior membranes
(125,126,

Isolated Pls mainly exist ain  three different structural
confrgurations: lamellar (bilaver), hexagonal (H;;) (non-bailayer),
and micellar phases (reviewed in 127). Bilayer PLs are
nonlmmunogenic, as repeated mmmunizations of vrabbits or mice with
l1posomes  produced nei1ther a humoral nor cell-medilated 1mnune
response (128), However, the addition of a protein carrier (129,130)
or a cholesterol/lecithin matrix (131-134) will render bilayer lipids
immunogenic. Similaxr findings were noted by Rauch et al. (88) in the
production of mouse mounocional antibodies to CL whaich were
crossieactive with DNA,

The factors responsible for 1nducing anti-PL antibodies in SLE
patients are unknown, but there are several possibilities which have
been sugpested to  date. When subjected to certain perturbations,
natural membranes reveal non-bilaver structures (135,136), which may

present tforeign suiface topologies compared to bilaver phase
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phospholipid and might be expected to be antigenic, Cl., PF .nd
phosphatidic acid (PA) are all capable of ftorming hexagonal
structures and non-bilayer 1ntermediates under phvsiological
conditions (127)., The most striking example of uou-bilaver Pls n

animal cell membranes 1s unsaturated PE, which adopts the hexapgonal

structure 1n 1ts pure 1solated form, but when mised with balayer-
forming 1lipids, contributes to the tformation of highly sthuctned
dispersions containing lipidic particles, ridges, and 1solated tubes
(127), These lipids, when stabilized into the bilaver, may permit the
cell to regulate intrinsic curvature (137) and permeability (138),
and, thus. play a normal regulatory rcle 1n birological systems, A
recent study, which supports the possibility that some non-bilaver PL
structures are 1mmunogenic, demonstrated that hexaponal phase Pls,
including natural and synthetic forms of PE, were able to neutialize
the LA actavity of all 11 human hybridoma autoantihodies studied
(139,140)., [n contrast, lamellar PLs, such as PC and synthetic
lamellar forms of PE, had no effect on the LA activity, sugpesting
that these hybradoma LA antibodies are able to distinguish between
different structural arrangements of PE and that the structural
presentation of the PL antigen may be important 1n  rendexing, 11t
immunogenic to the host,

PL composition has also been shown to be important for
reactivity of antibodies 1induced hy lipasomes. For Instance, the
antibodies ainduced by laposomes mixed with lipid A often appeared to
be directed against the whole liposome, rather than against a single

liposome constituent (128,141).
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b. Lupus Anticoagulant and Anti-Phospholipid Antibodies in SLE

Anti-Pl. antibodies 1n SLE patients and related autoimmune
disorders are a group of 1ncompletely characterized autoantibodies
(142), Une ot the most commonly described anti-PL antibodies 1n SLE

1> the anti-CL antibody, which 1s responsible for a biologically

false positive result 1n the Venereal Disease Research Laboratory
(VDRL) test for syphilis which uses CL as antigen (67,143-145),
During the 1950's, several reports described a coagulation inhabator,
or "lupus anticoagulant”, found 1n dassociation with the hiologically
talse positive VDRL aud partially inhaibitable bv CL (hb6,146,147).
Recently, manv other 1nvestigators have found that anti-CL antibodies
are highly  correlated with the presence of LAs and with clinical
events previously linked with the LA, including cardiovascular eveats
(148, tetal distress and death (149-154), and thrombosis and
thrombocevtopenia (155-167). In addition, crossreactivities of anti-CL
antibodies with PS and PE (166) have been described 1n SLE patients.
Lupus anticoagulant antibodies were first recognized in SLE
patients by Conley et al. (66) 1n 1452, As indicated by Triplett et
al. t165,168), LA represents a group of heterogeneous antibodies
which may possess anti1-PL activities and inhibit the assembly of the
prothrombinase complex on phuspholipids 1n vitro, but which are not
specitic mnhibitors agamnst anv  1ndividual clotting factors. LA are
detined by their ability to proloug the normal clotting time 1n 1n
vit1o codagulation assays, 1n particular, in those measuring activated
partial thiomboplastin times (APTT). Although the reagents and assays

ditfer, most assays use brain cephalin, a lipid extract rich 1in PE




and PS.

Relatively few studies have examined the Pl specificities of LA,
and those which have are not in complete agreement (139,109,170),
Exner et al. (169) found that LAs from SLE plasmas weie most 1eact tve
with PE, PS, and PI, while Thiagarajan et al, t170) demonstrated that
IgM paraproteans with LA activity rveacted well with PS5, P, and PA,
but not with PC and PE. Hariis et al. (67,162,163} showed o strong
correlation between LA activity and anti-Cl, bainding 1u the seva of
patients with SLE and found that serum autibodies which had been
affinity-purified on CL lipousomes had LA activity and were abtle to
bind to CL, PA, PI, PS, phosphatidylglycerol (PGY and only weakly to
PE, Until recently, most studies have heen performed with ant thodies
derived from plasma ov serum, and &0, 1t 1s st3ll npot ¢ lear whethey
the LA and anti-PL antibodies are Llhe same or different antabodies
and which one 1s respousible for abnormal hemostasis in SLF patarents,

In our Jlaboratory, 1l hdas previously been shown that some
hvbridoma LA antibodies derived from patients with SLF canaeact with
dDNA, CL, human 1gG and a hexagonal form of PE (71,13 and that
human hybridoma LA activity was specifically mnhbited by hexapona)
but not lamellar PE  (139,140)., The epitope responsible for these
multiple cross-reactivities 1s unclear but nore than one eprtope may

be 1nvolved (71-73).




B. ABNORMALITIES OF HEMOSTASIS IN SLE PATIENTS

Hemostatice disorders 1in SLE, whether they are manifested as a
hemorrhagi1c tendency or hypercoagulable state, wusually result from
disturbances 1n  one or more of three major mechanisms: 1) platelet
function; 2) vascular/endothelial structure and integrity; and 3) the
coagulation factors,

1. Cellular Components of the Hemostatic System

d. Platelets and Platelet Antigens

Platelets are extremely active, anucleate cells which normally
cniculate 1o the bloed 1 a restaing (1nactive) form., Platelets
unde1go major functional changes which can be observed hiochemically
aud morphologically 1n response to various stamuli, such as surface
moditicatron of  the endothelium or exposure of the subendothelium 1in
vivo, and Lreatment with 1n vityo  activators, 1including ADF,
collagen, epruephrine or thrombin, In response to these stimuli, the
celts assume a spheroidal shape, extend pseudopodia, secrete the
contents of 1nternal granules, and participate in the formation of a
hemostat te oy thrombotic plug (reviewed n 171,172).

The antigenic changes on  the platelet membrane that accompany
platelet  actavation and which may be related 1o the biological
activities ol platelets have been 1dentified mainly by a
lactoperoxidase—catalyzed surface radiolabelang technique. These
changes may 1esult from the binding of exogenous proteins to the
platelet surface, surface exposure of endogenous platelet proteins,
or redairaugement of platelet membrane proteins and/or phospholipids.

For nstance, thrombospondin  (glyceprotein G) (173,174), Factor V
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(175), protein S (176), Factor Vill-related antigen (von Willehand
factor, vWF) (177), actin and an a-granule protein with 149,000
M.W.(178) are secreted from activated platelets and become associated
with the membrane. Plasminogen (179), Factor Xia (180), Factor Xa
(181), Factor XIIIa (182) and fabrinogen (173,183,184) specafically
bind to actavated platelets and many of these reactions may 1avolve
receplors newly exposed on the surface of activated platelets (174,
180). Faibrinogen receptors, discovered 1 platelets e 1979
({183,184), are composed of glycoproteins (GP) 1Ib and 11l and
expressed only on activated platelets {(18%)., Fibrinogen—-1uduced
aggregation of ADP-stimulated platelets was specifically rnhibited by
an antibody against a 66,000 M.W,. protein, which 15 located on GPITI
and becomes exposed upon stimulation of intact platelets (185),

It 1s also known that platelet activation 15 accompanied by a
rearrangement of membrane PLs (125,186), Normally, platelet PS and
most of the platelet PE are 1located on the cytoplasmic Cinterior)
surface of the membrane and are not accessible  to 2,4 ,6-
trinitrobenzenesulfonate (TNBS) labeling (125,126). After platelets
were activated with thrombin, increased PE but not PS5 labeling, was
detected 1n 1ntact platelets, suggestiug that exposure of PE on the
activated platelet surface may have a critical role n platelet
hemostatic function (120).

Monoclonal antibodies recognizing antigens exposed on activated
platelets, but not on resting platelets, have heen produced from mice
immunized with thrombin activated platelets. For example, a murine

monoclonal antibody, KC4, bound to an antigen expressed  on the
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platelet surface after activation with ADP, collagen, epinephrine or
thrombin. By Western blotting analysis, this antibody reacted with a
single protean of 140,000 M.W. (under both reducing and nonreducing
conditions), suggesting that platelet secretion may be associated
with the expression of an 140,000 M.W. i1ntegral membrane protein
composed of single peptide chain. This protein may be a component of
the 1nternal granule membrane which 1s fused with the plasma membrane
during actavation (187). Another mouse monoclonal antibody, 2.28, was
reported to react with a secreted 1lysosome-like granule protein of
53,000 M.W. on the surface of activated platelets (188). A similar
phenomenon was described for human monoclonal antibody, 5E5, derived
from Epstein-Barr virus transformed B lymphocytes of a patient with
immune-mediated thrombocytopenic purpura (118), which recognized a
neoantigen on GPIIla expressed on platelets activated by thrombin or
stored for more than 3 days. The epitope responsible for antibody 5E5
binding 1s a protein with an apparent M.W, of 95,000.

Platelet protein composition 1s tremendously complex. There are
two sets of proteins 1mportant for platelet functions: membrane
proteins and cytoskeletal proteins (reviewed 1in 189,190). Most
platelet membrane proteins are 1ntegral merbrate glycoproteins
{totally or partaially embedded 1in the 1lipid matrix), many of which
serve as platelet receptors and have been well characterized (these
will be discussed 1in detail in Section Blc of this chapter). The
platelet cytoskeleton 1s capable of explosive reorganization during

platelet activation and 1s composed of a group of dynamic proteins
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present in the cytoplasm cor assaciated with the plasma membrane
(Table 2). The most dramatic changes occurring during platelet
activation are the rapid phosphorylation and polymerization of
monomeric actin (G-actin) to filamentous (F-actin) and the subsequent
associlation of actin with other phosphorylated cytuskeletal protens

(191-196).

Table 2. Actin-Associated Protelins of the Cytoskeleton of

Actaivated Platelets®

Proteins M.W. Function

Actin 45,000 Forms microfilaments; major structural
protein of cytoskeleton; maior role in
contractility and mobilaty

Actin~-bindang 250,000 Crosslinks actin f1laments; accelerates
protelin actin nucleation; phosphorylated
Myosin 500,000 Interacts with actin causing

contraction; phorphorylated

Alpha-actin 105,000 Form gels with F-actin; promotes
polymerization of actin

Tropomyosin 28,000 Binds F-actin; regulates contract 1on;
binds filament bundles

* After Tuszynski GP, Daniel JL and Stewart G: Association of
proteins with the platelet cytoskeleton, Semin Hemat 22:303-12,
1985,
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b. Endothelial Cells and Immune Injury to the Endothelium

Endothel1al cells are widely daistributed in the body, forming
the 1nner lining of blood and lymphatic vessels, wusually in a layer
one cell thick, ECs have an amportant role 1in physiological
hemostasis (they present a nonthrombogenic surface to circulating
blood constituents), 1n the permeability of blood vessels and an the
supply of nutrients to the subendothelial tissue, and in the response
of the blood vessels to physiological and pathological stimuli,
Abnormalities in the structure and function of ECs may contribute
substantially to hemostalic diseases, such as thrombosis (120,121),

There 1s evidence to suggest the partacipation of ECs in
autormnune diseases: 1) ECs share certain immune functions with
monocytes 1n  presenting antigen to lymphocytes (197,198) and in the
production of interleukin-1 (199); 2) ECs play a role 1n regulating
Iymphocyte migration through vessel walls and in the activation of T
cells (200); 3) FECs express HLA D/DR and EC-specific antigens on
therr surfaces (201,202) and Ia antigen after stimulation with T
cell-derived factors (203); and 4) ECs an culture release soluble
products that jinhaibit granulocyte aggregation 1n vitro and may
thereby preveut granulocyte-mediated vascular injury (204),

The endothelium can be impaired by most major effectors of the
mmnune system, 1ncluding specific (antibodies and cytotoxic T cells)
and nonspecific (complement, Ilymphokines, and inflammatory cells)
inmune pathways, A potential role for specific ant1-EC antibodies and
sensiti1zed lymphocytes has been demonstrated 1n  endothelial damage

(205). Although the actual tole of 1ntravascular granulocyte
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aggregation has not been clearly defined, 1t 1s proposed to be
associated with a variety of syndromes of vascular endothelial damage
(206-208). Adherence of activated leukocytes to ECs may result an
damage tc the endothelium through the effects of toxic oxygen
metabolites (209,210) and the adhesion may be enhaunced by platelet-
released products, ancluding platelet-derived growth factor (PDGF)
(210,211). Complement components have trequently been reported to be
active mediators 1n stimulating the adherence ot leukocytes to the
endothelium (206-209,212), Immune complex deposition on endothel tum
is another notable pathway by which complement components may be
activated to act darectly as inflammatory etfectors or to enhance
leukocyte adherence to the endothelaum (209).

c. Interactions between Platelets and Endothelial Cells

Over the past 15 years, the developmenul o1 1n vitvo EC culture
techniques has vresulced 1n sigmificant advances 1n the understanding
of how platelets and ECs interact (213), These are discussed below
under the s1x major headings. 1) supportive function of platelets to
the endothelium; 2) nonthrombogenic endothelilal surface; 1)
receptors for adhesive proteins; 4) coagulation factors; )
arachidonic acid metabolism; and 6) etfects of platelet-released

substances,

1) Supportive function of platelets to the endothelium

It has been observed i1n experimentally 1induced thrombocytopenic
rabbits that the endothelaum exhibited marked "thin spots”,
fenestrations, and a reduced mean thickness, which were correlated

with i1ncreased vascular permeability. The endothelial 1nteprity was
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restored when the platelet count returned to normal, suggesting that
platelet counts are important for maintaining the integraty and
contiguity of the endothelium and for repairing vessel injury (214-
216). The supportive functions of platelets to the endothelium are,
at least partially, due to the effects of platelet-derived growth
factor (PDGF) or other platlelet-released components, aincluding ADP,
serotonin and platelet factor 4, on ECs (216-218),

2) Nonthrombogen.c endothelial surface

The most aimportant function of the intact endothelium is to
present @ nonthrombogenic surface to circulating blood constituents
(1in particular, platelets), thereby preventing the ainitiation of
thrombosis. Thuis funclion 1involves almost all known naturatl
ant1couagulant mechanisms in vivo (reviewed in 219), 1including luminal
EC suifaces covered by an ultrathin mucopolysaccharide (glycocalyx)
coat, which torms a negatively charged membrane at physiologic pH and
repels the uepatively charged platelets; the elaboration of
plasminogen activator which, 1n turn, 1nitiates fibrinolysis;
synthesis and expression of heparin-like molecules and antithrombin-
111 the synthesas and expression of a unique cofactor,
thrombomodulin, which promotes activation of the protein C - protein
S system (220); and the production of prostacyclin (PGI.), which
efticieutly 1nhibats platelet aggregation and 1induces vasodilation
(221). Any functional change in ECs or biochemical modification of
the cell surface will 1lead to platelet activation, adhesion and

aggregation.




3) Receptors for adhesive proteins

Adhesive proteins including collagen, laminin, {t{ibrinogen,
fibronectin, thrombospondin and vWF, which mediate the attachment ot
cells to the extracellular matrix and cell-cell 1nteractions, may
induce the adherence of platelets to ECs, since receptors tor these
proteins have been 1dentified 1in both celis (224)., As mentioned 1n
Section Bla of thias chapter, one consequence of platelet activation
18 the expression of cell membrane receptors tor these adhesive
proteins (173,174,177,183-185). The binding of these ligands to
specific platelet membrane GP receplors mediates the aggregation of
platelets and adhesion of platelets to ampaired endothelium oq
exposed subendotheliaum (225), It has been demonstyated that cultured
ECs are able to synthesize membrane proteins which are biochemically
and 1mmunologically similar to platelet GPIIb and 11la (226),
suggesting the 1involvement of some adhesive proteins and theiy
receptors in the adhesion of platelets to ECs.

Over the last few vyears, cell ryeceptors for adhesive proteins
have been 1ntensively investigated and many of them have been shown
to be related to the family of "very late antigens'" (VILA} (revicwed
in 222,223). The VLA protein family, originally defined on actavated
T cells, 1s also an important set of antigens found on platelets, VLA
molecules are heterodimers composed of a unique a subunit (100-200kD)
and a common B subunit (25-210kD), which gives each VLA protein its
name, such as VLA-1, VLA-2, VLA-3, VLA-4 and VL.A-5. One or more VLA
complexes are expressed on nearly all cell types, with the exception

of granulocytes and red blood cells. These molecules serve as




Table 3, Major Platelet Membrane Glycoprotelns

GP

GPla

GPIb

Ghlc

ul’lla

GPilb

GPITla

GPLTIb

Gl

(YUY

GPIX

" The molecular weights (M.W.) listed in this table were obtained in

5Ds

M.W. 1n SDS PAGE# Proposed Functions References
167K Forms receptor for collagen 227,228
when complexed with GPIIa;
a subunit of VLA-2
a, 140K Forms receptor for vWF and 229,230
B, 22K thrombin when complexed
with GPIX
a, 134K Forms receptor for fabronectin 227,231
B. 30 & JIK when complexed with GP1la; 224
doublet o subunit of VLA-3
150K 8 subunit of VLA-2 ovr VLA-3] 227,231
tound complexed with either 224
GPIa or GPIc
o, 30K B,23K Forms receptor for fibrinogen, 183-185
114K vWF and fibronectin when
complexed with GPIlla
(IV) 45K Receptor for Type-1 collagen 232
85K Receptor for thrombospondin 174
82K Substrate for thrombin 233
17K & 22K Forms complex with GPIb 230,234

PAGE undetr reducing conditions.
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receptors for adhesive proteans and are responsible for cell-matrax
adhesion (222,223). VLA-2 and VLA-3 have been identified in platelets
as the complex of GPIa and IIa (collagen receptor), and the complex
of GPIc¢ and 1IIa (fibronectin receptor), respectavely (227), The
functions of platelet membrane GPs and their 1mmunological
relationship to the VLA family of proteins are summarized in Table 3.

4) Coagulation factors

A straiking example of the dependence of platelet and EC function
on coagulation factors 1s their relationship to the Factor VIII
system (i.e, VvWF and Factor VIII antigen), which 1s present only on
ECs, platelets, and megakaryocytes 1in vivo. It has been shown that
ECs synthesize and secrete a molecule with both Factor VIII antigen
and vWF activity but without antihemophilic actaivity. These molecules
circulate 1n plasma as either carriers or inactive precursors of
antihemophilic factor. When Factor VIII antigen and vWF bind to
subendothelial matrix components or absorb to the platelet surface,
they become activated, resulting 1n normal platelet function and
platelet "stickiness'" to the subendothelium (235-237).

5) Arachidonic acad metabolism

The effects of arachidonic acid (AA) metabolites on platelets
and ECs have been extensively investigated 1n recent years (reviewed
in 238). In summary, AA can be split from the PL pool 1in platelet or
EC membranes by phospholipase A,, which has been activated by
collagen or thrombin. Subsequently, AA 15 catabolized 1nto a series
of endoperoxide products by cyclooxygenase 1in platelets or ECs. The

major cyclooxygenase product of AA i1n platelets 1s TXA,, a potent
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inducer of vasoconstriction and platelet activation. The main AA
metabolite of ECs 1s PGI,, which effectavely inhibits platelet
aggregation, and 1is thus necessary for platelet compatibility with
ECs (221,239,240), PGI, probably affects platelet function by
modulating the CcAMP concentration 1in platelets, and thereby
inhibiting the mobilization of fibrinogen—-banding sites on human
platelets 1n vitro and limiting the extent of fibrinogen-platelet
interaction (241-243). The regulation of these two AA metabolites,
TXA, and PGI,, i1n platelets and ECs 1s 1important in maintaining a
balance between hemostasis and thrombosis.

6) Platelet-released substances

Platelets contain several types of granules as storage-pools for
active substances. The a-granules contain thrombospondin, platelet-
derived growth factor, B-thromboglobulan, fibrinogen, acad hydro-
lases, and platelet factor 4. Dense bodies contain calcium, pyrophos-
phate, serotonin, and adenine nucleotaides (ADP and ATP) (244, 245).
Activated platelets release granule contents, such as seroteonin,
which can increase EC injury by causing individual cells to contract
and consume more oxygen or by inducing chemotaxis (246-248).

In summary, the endothelium presents a nonthrombogenic surface
to which platelets do not adhere. Any minor trauma leading to a loss
of endothelial continuity or a modification of the biochemistry of
ECs will permit platelets to adhere to subendothelial tissue or
endothelium, Once adhesion has occurred, the release of granule
components causes more platelets to aggregate and to form a platelet

plug at the site of injury. A series of steps 1n the cascade of
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coagulation 1s i1nitiated, resulting in hemostasis under phyvsiological
conditions and thrombosis under pathogenic conditions.

2. Abnormal Hemostasis in SLE patients

It has long been  known that clinical aud laboratory
abnormalities of hemostasis are a feature of SLE. One or more
hematological abnormalities are present 1u nearly all SLF patients
with active disease (68,249-251), These clude abnormal platelet
function and coagulation profiles (164,252-260), thrombosis and
thrombocytopenia (260-266), and large vessel occlusion and pangrene
{267), In a study of 112 consecutive patients with SLE, Gladman et
al. (263) found that abnormalities of hemostatic function occurred
frequently 1in SLE patients and that 96 abnoimalities occunied 1n b4

of 112 (57%) patients studied (Table 4.

Table 4, Hemostatic Abnormaltities 1n 112 SLE Patients’

Thrombocytopenia 18 (16.1%)
Cairculating lupus anticoagulant 19 (17.0%)
Decreased antithrombin ITI 24 (21.47)
Abnormalities of tibrinogen 28 (25.07)
Abnormal platelet factors IIT and IV 7 (6,37
Total number of abnormalities 16

Number of patients with abnormalities 64 (57,17)

% After Gladman DD, Urowitz MB, Tozman EC, and Glynn MFX: Hemoustat i
abnormalities in systemic lupus erythematosus., Quart J Med, New
Series LII 207:424-33, 1983,
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a, Abnormal Platelet Function

Abnormal platelet function 1s commonly seen in SLE patients
{249-253), Platelet function and coagulation profiles studied in 50
SLE patients showed circulating LA antibodies 1n 3 patients, elevated
fibrinogen degradation products 1n 5 patients, and 1solated
nonspecific  abnormal findings 1n 7 patients (252}). A qualitative
platelet defect was found 1n 12 of 21 consecutive patients, which
consisted ot failure of platelets to undergo collagen-induced
aggregation and impaired ADP and epinephrine-induced aggregation. It
was also shown that 1mpaired platelet function correlated with the
clinical severity of disease. In another study of 18 consecutive SLE
patients with LA and 59 SLE patients without LA, platelet aggregation
wdas abnoimal 1n most of the pdtients and the defect was much more
pronounced 1f  associlated with LA (164), The defects 1n platelet
agpregation 1u SLE patients may be partially related to a storage
poul deticiency  state, mav  be reversible, and could be mediated by
plasma or platelet-associated DNA (253).

b. Thrombocytopenia and Thrombosis

varving degrees of thrombocytopenia occur i1n  SLE patients. Mild
thrombocytopenia 18  present 1n about one third of patients, while
severe thrombocytopenia with purpura occurs in only 5% (2,68,265,
Jobh, Among 112 SLE patients studied, 18 had thrombocytopenia, and
10 ot these 18 patients had platelet counts of less than 100,000/mm’
(o)), It was found that thrombocytopenia was the best diagnostic
indicator of the severity of lupus nephratis (265) and decreased

platelet counts correlated best with glomerular thrombosis and
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subendothelial deposats (262). Renal vein thrombosis and inferim
vena cava thrombosis (264)., deep vein thrombosis, pulmonary eabolism
(261) and large vessel occlusion and gangrene (267) have also been
reported 1n SLE patients. The incidence of thiombosis 11 SLE ranpes
from 5-147% and varies 1n different reports (68,164,249-251),

Specific LA, ant1-PL, anti-platelet oy ant1-FC autovantibodies
could be responsible for the thrombosis and thrombocytopema  scen 1
many SLE patients. A better understanding of the relationship between
LA, anti1-PL, anti-platelet and anti-EC autoantibodies pieccent in
patients with SLE might help to c¢larify the mechanisms responsible
for the thrombocvtopenia and thrombosis seen 1n these patients and
patients with other autoummune diseases.

c. Clinical Maniafestations Associated with Lupus Anticoagulants
and_Anti-Phospholipid Antibodies

There 1s a general consensus that LA and anti-CL antibodies are
strongly associated with thrombosis and thrombocytopenia, clhinically,
but not with a tendency to bleeding (155~167). Carreras and Vermylen
(268), 1n a review of the literature, reported that about 307 of
patients with LA had arterial or venous thrombosis. A <tudy ot the
prevalence of thrombosis and LA 1n SLE patients showed that 14 of 1l
SLE patients with LA developed thiomhosis, while only three ot 29 L1k
patients without LA had thrombosis (161). Several investigations have
suggested that these antibodies may promote in vitro platelet
aggregation by blocking the prodvction of PGl,, a potent anlabitor ol
platelet aggregation (221) which 1s 1mmplicated an the regulation of

fetal circulation (269,270). Other mechansisms, »such as direct
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interaction of LA antibodies with PS or PE 1n the platelet membrane,
couvld promote platelet activation, aggregation, and thrombocytopenia
(78,166, However, there 1s little evidence that indicates a direct
binding mechanism invoelving LA and 1live platelets, Firstly, LA 1n
human plasma did not prolong the APTT when platelets were substituted

tor the PL-containing APIT reagent (170), although a recent finding
shows that affinity-purified anti-CL. antibodies with LA activity
bound to platelets activated with thrombin and collagen, ADP,
collagen, epinephrine, thrombin, or calcium 1onophore, but not to
resting, platelets (271). Second, although the LA  actavaitvy of SLE
plasma could be neutralized by freeze-thawed lysed platelets, this
wans not true of mntact platelets (165), Third, 1n studies from our
laboyatory, nost human hybridoma LA antibodies were found not to bhind
dinrectly to mtact platelets (Chapter [I1)., 1t 1s quite likely that
more  than one  mechanism 1S operational sance 1t 15 cleary that LA
antihodies  comprise a group of antibodies with heterogeneous
reactivities,

J. Rationale for the Interaction of Lupus Anticoagulant and
Anti1~Phospholipid Antibodies with Platelets and Endothelial Cells in
Thrombosis and Thrombocytopenia

The  elucrdation of the role of LA antibodies 1n causing
hemostat te abnormalities should provide a better understanding of the
paradox caused bv LAs. Although LAs prolong nitrinsic clottaing times
CAPTI) 1n vitro, these antibodies are clinically associated with
hvpercoagulable states  (e.g., thrombosis) and thrombocytopenia, but

not with 4 bleeding tendency (155-167). Since the coagulation process
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i vitro 1involves the assembly of coagulation factors on a
phospholipad surface (272), 1t 1s postulated that Pl-reactive LA
antibodies 1interfere with the assembly of prothrombinase on these PI,
surfaces (273). Interestingly, 1f washed platelets, i1onepvhore-treated

platelets or lysed platelets are substituted for PLs, the coagulattion

tests are normal (170,273,274), providing a possible explanation for
the lack of clinical bleeding 1n these patients,

In vivo, 1t 1s possible that LA antibodies bind to Phs an the
platelet and EC membranes and result 1n damage, activalion oy
functional blockage of these cells which could i1nduce thronmbosis oy
thrombocytopenia (162,165,266). Reduced fibrinolytic capacity and
increased VWF activity 1n SLE patients with LA may eflect
endothelial damage (275). IgG with LA activaty from 2 SLE patients
has been reporled to inhibit the function of human thrombomodulin, a
unique endochelial anticoagulant cotfactor 1n the activation ot
protein C by thrombin (276,277). A 1low functional activity of
antithrombain III was detected 1n anothei patient with LA, One o1 all
of these mechanisms combined may 1mpaty the normal 1n vivo
anticoagulant pathways (277).

Another possiable mechanism of thrombasis 1nvolves the potential
interference of LA with the PGI. pathway. Carreras et al, (15,0)
proposed that LA may 1inhibit the production or release of PGP, by
interfering with the availabilaty of AA from membrane PLeo, The
proposal was based on the finding that a LA-contammaing fgG fraction,
1solated from a patient with a history of arterial thronbosis and

multiple intrauterine deaths, reduced the release of PGL, from rat
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aorta rings or pregnant human myometrium and the production of é-
keto-prostaglandin F,, by bovine ECs., The 1inhibitory effect was
abolished 1n the presence of AA. In a subsequent study by the same
proup, an inlbitory effect of plasma on PGI, production by vascular
tissue were detected in 8 of 14 patients with LA, 6 of whom had
thrombosts (268), Similar findings were obtained by other groups of

mvestipators (27%-281), suggesting that the pathogenetic role of LA

may be assocsated with iphibation of PGI, formation, However, these
tindings require confirmation, since all of these studies were

performed with plasma and none demonstrated the inhibition of PGI,
production by all [A-containing plasmas. Furthermore, there 1s
controversy regarding the inmhibation of PGI, production by LA and
some mvestigators claim that LA enhances PGI, production (Triplett
persondl communicat 1on). Others argue that the thrombosis associated
withh  ant1-PL antibodies cannot be explained by effects on EC and
platelet prostanoid synthesis (282) and that the significantly
mercased EC procoagulant activaty induced by sera from patients with
SLEF and LA may aceount for the increased incadence of thrombosis in
these  pathients (283)., These apparently contradictory data may
judrcate the heterogeneity ef LA or that some of these observations
are due to antibodies other than LA, Thus, more direct evidence 1s
still required to explain the association of LA and anti-PL with

thhombosi1s and thrombocytopema,
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C. THEORIES OF AUTOANTIBODY PRODUCTION
1. The Generation of Immunoglobulin Diversity

For many years, there were two theories regarding the generation
of Ig diversity, The germline theory stated that the genes for the
entire repertolre of the 1mmune response are carried i1n the germline
(sperm and egg) and passed on to each member of the species, so that
each cell would have all of the variable (V) regions for heavy (H)
and light (L) chains, but by some unknown mechanism, would use only
one region from H and L chains. The second theory proposed the
mechanism of somatic variation in which a few crucial antibody genes
are transmitted through the germline and durin, lymphocyte
differentiation, these genes undergo somatic variation, resulting in
the enormous diversity. Recent advances in molecular biolougy hive
shown that, in fact, both theories are correct, but neither 1s
complete in 1tself. In order to explain how the V-regiou genes attain
a high level of diversity while the constant (C) region genes remiln
fairly unchanged, Dreyer and Bennett (284) proposed that V-regions
and C-regions must be products of two genes. In other words, there
are two genes encoding for one polypeptide chain 1n each antibody
molecule. The discovery of genetic reorganization, 1in which V and C
reglons were proven to be encoded by two genes bhut read as a single
gene, was made by Tonegawa and his associates (285} 1n a series of
experanents. [t is well defined now that two sets of gene segments (V
and J) for the L chain and three sets of gene segments (V, D and J)
for the H chain are rearranged to form functional V genes, and then

join with the C genes, y, T, &, € or § for the H chain genes and
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kappa and lambda for the L chain genes. Each set of the V gene
families contains a number of different segments, which can be
selected for recombination. Clearly, the tremendous diversity of Ig
molecules can arise from the diverse joining of these different V
gene segments, and this can be 1increased by variations in the
combining sites between these segments (reviewed 1in 286,287) and be
further enlarged upon by somatic mutation (288).
2. Origins of Autoantibodies

The 1mmune system has the potential to recognize enormous
numbers of antigens, including self components., Some of these are
essential for a functional self-defence system and the regulation of
immune functions (e.g. antibodies against mutated or old cells, and
antl-idiotype antibodies), while others may be pathogenic (289). More
knowledge about the oraigins of these non-pathogenic and pathogenic
autoantibodies 1s crucial to the understanding of the normal immune
system and autoimmunity.

The discovery of antibodies reactive with dsDNA 1in SLE sera (31)
suggested that dsDNA may be immunogenic. However, the fact that
neither anti-dsDNA antibodies nor SLE could not be 1nduced
experimentally by immunizing normal animals with dsDNA (290)
indicated that  mechanisnms responsible for producing these
autoantibodies 1in SLE are not simply "antigen-driven'". Several
hypotheses have been proposed to explain the large number of
autoantibodies produced 1in autoimmune diseases, including: 1) genetic
abuormalities; 2) loss of host tolerance; and 3) antigen-driven

autoimmunity (modification of autoantigens).
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a, Genetic Abnormalities

An 1mportant question in this area is whether autoantibodies are
encoded 1in the germline or vresult firom somatic mutations n
antibodies originally directed against exogenous antigens,

1) Abnormal rearrangement of immunoglobulin germline genes

Theoretically, abnormalities 1n the polymorphic recombination of
Ig germline V gene segments, such as higher fiequencies of pairtical.a
V  gene segments, may contribute to o0y be associated with the
production of autoantibodies. However, comparisons of restriction
fragment length polymorphisms 1n DNA from all wajor lupu, mice
strains with their parental strains and with nonavtoimmie stiains
revedled that murine lupus 15 not associated with a particular Igv,
haplotype and that the IgVy loci may be essentially nornal in Jupus
mice (291,292). This evidence strongly suggests that defects withan
the Ig loca are unlikely to be the primary cause of murine lupus and
that assoctiations of Ig haplotypes with lupus are weak,

The possibiality that avtoantibodies are encoded by specific V
gene segments was also tested in mice. Autoantibodies  and antihodies
to exogenous antigens were found to be encoded by the same, or at
least an overlapping, germline gene repertorre, although unusuial V,,,
Vi and D segments dou appear 1u some autoantibodies (293-29%), All 6
autodntibodies against bromelain treated ved blood cells (BIRBC)
(three each from NZB and CBA mice) used the same, or highly related,
gene segments (Vy,, D, Ju, Ve and J)  (294), It s known  that mouse
lupus autoantibodies are encoded Ly almost all known V,, and many V,

families, but there 15 a certain extent of genetic restrict jon anong
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autoantihodies of different or similar specificaties (295)., For
example, various murine autoantibodies showed restricted V4 gene
usage, such as the 3'V, gene families (7183 and Q52) (296), which
rearrange early 1n B-cell development (297). [Lyl+ B cells and
hybridomas selected for 7183 V, gene expression produced antibodies
with autoreactivity at a high frequency (298), It was also reported
that the V,, gene usage of 39 ant1-DNA antibodies fiom MRL-1pr/lpr and
(NZBXNZW)F, mice was distributed over most of the known V, gene
fami1lies but showed a predominance of J558 and 7183 V, genes. In
another analysis of Iv  anti-DNA 1. chains originated from seven Vg
families, 8 of these were encoded by V19 genes, but all of these
antibodies were derived from one mouse (reviewed in 299),

A recent study using A/J anti-arsonate IgM antibodies addressed
one aspect ot this 1ssue by testing the hypothesis that unmutated
germline Vo penes expressed by preimmune B cells encode for
autoantibodies ¢300). In this study, Naparstek et al.(300) analyczed
the antigen-bainding properties of antibodies produced during the
course 0o the mmune respouse of normal mice to p-azophenyl arsonate
(ArsVy, Therr results demonstiated that a high proportion of the
ant ibodies produced by the preinmune clones reacted with autoantigens
(dDNA aud cvtoskeletal proteins), while antibodies produced following
Ars 1nmuntzat ion showed less autoreactivity and more Ars reactivaty.
These investigators suggest that autoantibodies may be encoded hy
unmut ated germline  V genes and that the conversion to Ars reactivity
mav have been due to somatic mutation followed by specific selection

of high affinity anti-Ars antibodies. However, a larger number of
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autoantibodies must be analyzed to contirm this hypothesis,

Efforts have been made to probe the cellular and molecutlan
events that determine the final outcome ot class and subclass
switching and their relationship to autoantibody production. The
onset of autoimmune disease secems to be correlated with a4 switch i
antibody production from predominantly [gM to g6 tsotvpes (14,90),
In an analysas of 706 human monoclonal TgA, IpM and 1p6 mvelona
proteins, 53%Z of the IgG pcoteins bearing the 31 1diotvpe bound to
DNA as compared with only 7% of the IgM proteins beaving the same
1diotype (JO1). This association of DNA biuding with 1a6 1s0type war
stataistically significant (p < 0.001) and sugpests the 1mportance ol
lg 1sotlype 11 determining anti-DNA antibody reactaivity,

2) Somatic mutation

Autoimmunity could vresull from a disturbed regulation ot the
mechanisms responsible for somatic mutation in the maturation ol the
normal immune response. The finding that a single amino acid residue
replacement in the first hypervartable region of the heavy chain
changed the specificaty of an antibody from phosphoryicholine to DNA
suggests that 1n vitro somatic nutation can result  an the peneration
of an ant1-DNA antibody from an anti-bacterial antibody 302,303y, In
a series of studies on the role ot somatic muitation o the immune
response to phosphorylcholine (T15 system) using protein sequenc ing
analysis of V., regions caombined with DNA sequencing analysis of
germline Vy, genes, several features of somiatic mutation in the ant -
phosphorylcholane response were demonstrated (304-306)., First, 10 ol

19 V., segments analyzed had 1dentical protein sequences (denoted
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T15), whereas the remaining 9 variants were all unique and differed
from the prototype Tl5 sequence by 1 to 8 amino acid residues,
Second, in the BALB/c genome, there 1s one germline V4 gene encoding
the T15 sequence, All of the 9 variant V, segments appeared to be
mutated from thas TI15 gene, 1implyaing that the entire anti-
phosphorylcholine antibody system may be derived from a single
germline V,, gene segment and that somatic mutation occurs frequently,
Third, somatic mutation correlated with the class switch because the
variant Vg regions appeared only 1in IgG and IgA, but not in the
1mitially expressed IgM. A subsequent analysis, done on 2 of these
variant IgA antibodies, M167 and M603 (306), revealed that somatic
variation, 1including silent and replacement substitutions, 1s
extensive and sharply localized 1n and around the rearranged Vy
senes, suggesting a special hypermutational mechanism highly
localized 1n 1ts site of execution and highly restricted in its time
of operation during B-cell development.

If somatic mutataons are present, frequency analysis of
productive versus nonproductive mutations can help to determine
whether the anti-self response 1S (auto)antigen-driven (waith
selection for replacement mutations) or results from polyclonal
activation. Two clonally unrelated murine IgM anti-DNA antibodies
(MRL-DNA1O and MRL-DNA22) and, possibly, three NZB IgM anti-BrRBC
antibodies shared 1dentical V, gene~encoded regions, strongly
suggesting that the unmutated V germline can be expressed 1in murine
lupus autoantibodies (293-295), However, the presence of somatic

mutations in J segments of some MRL-1lpr/lpr autoantibodies clearly
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shows that somatic mutation can occur 1n spontaneously produced
murine lupus autoantibodies (295). Comparisons of mRNA sequences
suggested that there were low levels of somatic mutation 1n
autoantibodies from nonautoimmune mice as well, To date, the high
level of autoantibody expression observed in autoimmune murine models
does not appear to be caused by either a complete lack of or an
abnormally high rate of somatic mutation of Ig genes.

From the data obtained until recently, some autoantibodies
appear to be encoded by the germline whereas others may acquiie self
specificity after somatic mutation (299,302,303,307). The responses
against endogenous and exogenous antigens appear to be governed by
the same general principles, and self specificity, like exogenous
specificities, may result from different recombinations of normal V,
D, J gene segments and/or somatic mutation of the recombined heavy
and light chains.

b. Loss of Immunological Tolerance

Immunological tolerance 1s the ability of the 1mmune system to
discriminate between ''foreign' and "self'. Historically, there were
two series of experiments to address this subject, Medawar et al,
(reviewed in 308) showed that contact with foreign antigens at a very
early stage of life (fetus) allowed the i1mmune system to tolerate .
specific antigen without making a response to 1t., The second approach
was based on the hypothesis that all antigens are foreign unless they
contact the 1mmune system before the functional differentiation of
the 1mmune system takes place. This was demonstrated by the

experiments that pituitary glands removed from an embryonic frog were




40
rejected as  "foreign' when they were re-implanted into the same frog
during adulthood (reviewed 1in 309). It 1s well established that
tolerance to an antigen requires that the antigen be present and come
mto  concact with the 1mmune system at a critical stage of
deve lapment.. Modern molecular and cellular biological approaches have
proven that the induction of immune tolerance involves both T and B
cell  repertoires (310-313). BALB/c mice immunized with monoclonal
ant1=1-J* antibody, which blocks T suppressor cell function, produced
ant1-DNA antibodies with the TI15 1idiotype (307). Based on this
finding, 1Lt was proposed that anti-idiotype antibodies produced to
anti1-1-J9 antibodies may block the interaction of T suppressor cells
with accessory cells necessarv for T suppressor activation and so,
lead to a loss ot T suppressor cell function.

In summary, the mechanisms of tolerance are explailned by various
alternative theortes (3049,314), including deletion, which may 1nvolve
physical  (clonal) or functional (receptor blockade or aborted
ditteyentiat ron) deletion and suppression of clones by negative
sipnals tiom veto cells and suppressor T cells to the tolerant cells,
It seens clear  that any factors resulting 1n the 1loss of
tmmuno logical tolerance could lead to the subsequent development of
autormmune diseases.

¢. Auti1gen-Draven Autoimmunity

Self antigens are normally not immunogenic to the i1mmune system.
However, there are many factors which could result in the production

of autoantigens, which are discussed below.
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1) Chemical modification

Some chemical drugs, such as quinidine, bind to the cell surface
and may thereby serve as antigenic epitopes which 1nduce antibodies
against cellular components bound to the drug. Some chemicals may
also modify cell antigens which could then 1induce autoantibodies,
Examples o0of chemically 1induced autoilmmunity are cases of 1mmune
thrombocytopenia 1induced by a-methyldoba, narcotics o1 quinidine
(101,102,104,105) and leukopenia induced by quinidine (10]).

2) Infection

Infecting microbes may act via several mechanisms to induce
autoantibodies. Some bacteria or viruses may 1induce antibodies which
are crossreactive with autoantigens. One example of such an antibody
is a monoclonal myeloma Iz from a patient with Waldenstirom's
macroglobulainemia who had both anti-bacterial and anti1~DNA ant i1body
reactivities (315). Infecting viruses may also alter antigen
structure by absorption to the cell surface or penetration through
the cell membrane, Finally, some viral genes may be incorporated i1nto
host DNA and encode for new antigens, which are seen as furelgn to
the host and may elaicit an autoimmune reaction. Viral or bacterial
products, such as endotoxin, may also result in polyclonal B cell
activation and overproduction of antibodies.

J) Exposure of sequestered self-antigens

Some self-antigens, such as thyroglobulin and antigens expressed
on testes, brain and eye crystalline body and humour, are not
normally in physical contact with immunocompetent cells 1n vivo. If

they are exposed to the body's immune system by trauma or 1nfection,
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these self-antigens will be recognized as "foreign" and may induce
cellular and humoral 1immune responses, vyesulting 1in autolmmune
disorders, such as autoimmune thyroiditis, autoimmune infertility and
sympathet ¢ ophthalmia (316),
3. Possible Explanations for the Polyspecificity of Monoclonal

Antibodies

Monoclonal antibodies have frequently been shown to react with
two o1 more apparently dissimilar antigens, as discussed 1n Section
A} ot this chapter, This kind of polyspecificity can be attributed to
partial epitope 1dentity on different antigens (common determinants?,
multiple specitic bindiug sites on a single antibody molecule, or
trelevant niteractions involving other binding interactions, such as
electiostatiec charge 1nteractions between antabody and antigeus. The
interaction between an antigen and antibody molecule may 1involve nany

more contact points than previously believed (reviewed 1n 317,318},

4. Common Deteiminants on Antigens

Antgen-combiniug sites on a given lg molecule can bind several
ditterent antigens which are structurally aelated to each other
{share  comnon determnants) (70,319). Examples of structurally
reldated antaigens, which may be 1nvolved a1n autoimmunity are the
phosphodiester determinants shared by DNA and PLs (70)

b, Multiple or Flexible Binding Sites on Antibodies

A monoclonal antibody which bainds distinet molecules with little
ol ne stiuctural similarity may represent an  dutibody with
polvtunctional binding sites. Polyfunctional combining sites, or anu

antibody with wmorve than one specific binding site, was fiist

B
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demonstrated 1n a mveloma protein, called b0, which possessed two
separate binding sites for two structurally ditferent haptens,
menadione and dinitrophenol (DNP) (320). An antaibodv carnrving
multiple combining sites mav react with AN antigen at all
complementary epitopes, i1esulting 1u a high binding aftimmity, aud may
also crossredct with antigens bearing only  some of these epitopes,
thereby displaving a lower affinity 1nteract iou (see Figure By (3170,

The dynamic nature of protein structure 1 solution (120,320
suggests that both the antibody and antigen may be tlesxible and
induce 1u each other an optimal configuration for binding. Tha
concept, similar to the "lock and keyv" theorv ;v enzvme and
substrate, proposes greater flexibility 1n antigen—ant thody bind g
interactions (322),

c. Electrostatic Charge Iuteractions

Contact between antabody and antigen mav 1uvolve several forces,
including hydrogen bonds, hydrophobic mteract tons,  and  1onn
interactions (electrostatic charges) vy coubinations of all ot theae,
Antibodies with high 1soelectric points carry positive charpes at
physiological pH and so display binding  to nepatively  charped
molecules, such as DNA  (492-94), In an analysis ot 700 human mye o
Igs, the proteins focused over 4 wide range ol pf values, but  all ol
the DNA-bindinug Igs tocused at a pl - 7.0, sugpesting that Iy charpe

contributes to these antigen—antibody binding mmteractions (304,
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Figure |, The Relationship between the Affinity of an Antibody-
Antagen Interaction and the Probabilaty of Cross Reaction

with Simi1lar (Gioup II) and Dissimilar (Group II1) Epitopes

The hagh affimity antibody on the left only shows cross
teact tons with antigens which have 1denticdal (Group I) or partially
identacal  (Group 11) epitopes. All cross reactions of such an
anti1body e theretfore 11elevant, In contrast, the low affinity
ant tbody on the right has spare capacity for bainding to antigens
which have no epitope identity (Group 11T antigens). In addition, 1ts
ett1creney of detection of partially identical (Group 11) antigens 1s
much reduced, In the intermediate  case  shown 1n the centre, the
monoc lonal antibody  ¢ross reacts with most Group I antigens having
pntial stiuctmal wdentaty but can also cross react with dissimilar
Group 11 antigens. The wmajority of wonoclonal antibody cross
reactons tall mto the Group 111 nielevant  category and do not
et lect any <tructwumal wdent ity among antigens,

~ At ter Ghosh S8 and Campbell AM: Multispecific monoclonal
astithodies, Lol Todav  7:217-222, 1936,
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4. Autoreactive Antibodies in Normal Individuals

Antibodies with autoreactivity have been reported to exist in
the sera of normal mice and human subjects, suggesting that
mdividuals without apparent autoimmune disease have B cells which
carn be activated to secrete auteantibodies (323-330). Anti-DNA
ant thodies occeur  wn old age (331), 1n normal young mice stimulated
with B cell mitogens (332), and 1n tn vitro cultures of mouse and
hunien lymphocytes  stimulated with mitogens (25). Antibodies 1o othex
avtoantigens, such as thyroglobulin and self 1ed blood cells, were
also detected  from normal  mouse lymphocyte cultures stimulated with
mitopens (333)., These autoantibodies are often characterized by
extensive  crossreactinvity  (polyspecificity) 327,328 ,334,335) and
idiot ypre  conmectavity  (324,329,330). Antibodies i1eactive with a
vairety ot lipids (Pls  and glycolipids) have also been reported 1in
normal (non—1mmunized) human and aninal sera (142,336).

several laboratories, 1acluding our own, have demonstrated that
human hvby tdomas  derived  from normal donors can produce anti-DNA
antibodies, many of which show polyspecificaty (75,337-339). Anti-DNA
and  amti-platelet  antibodies have been produced from hybridoma:
devived 1yom toustls ot normal wudividuals  (340). Some efiorts have
been made to compare the noimal and autoimmune-derived antibodies and
to study the mechanisms by which autoautibodies cause pathogenesis 1u
autormmune patients, but not 1n normal individuals, Datta et al.
(331 studied the ant-DNA 1diotype, ID'®7€, expressed by normal and
sLE-derived  lymphocytes, They found that cultured normal-derived

Ivmphocevtes  produced ld'® e 1n response to pokewerd mitogen

[N
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stimulation, while SLE-derived 1lymphocytes produced [d'®’® without
stimulation and lymphocytes from relapsed patients spontaneously
produced the highest levels of 1d!'®/®. The majority of Id*¢’®
produced by normal lymphocytes did not bind to DNA, suggesting that
antibodies expressing 1d*%’® are comprised of at least two
populations with different antigenic specaficities. Bell et al. (342)
reported saimilar results in their comparison of the antigen
specificity and i1diotypic characterastics of normal tousil-derved
hybridoma antibodies and SLE-derived serum antibodies. One 1diotype,
4.6.3, derived from a human hybridoma IgM anti-DNA antibody of
tonsillar origin, 21s commonly espressed i1n the serum of SLE patients
and appears to be related to clinical disease activity, while normal
tonsil-derived antabodies expressing this 1diotype family did not
bind to DNA. Another recent study used single cells to examtne the B
cell repertoires of normal DBA/2, BALB/c, and C3H/HeJ mice and
autoimmune-prone MRL-1pr/lpr, NZB and C3H-gld/gld mice from 1 day to
5 months of age. Although there were significantly more Ig-secreting
splenic B cells in autoimmune mice thdan in normal adult mice, both
expressed a temporally limited number of B cell claones and a sudden
increase between 1 to 5 weeks of Aage 1n reactivity against many
antigens, encoded by germline genes (343) (Section €214 of this
chapter). It 1s proposed that such crossreactive antibodies 1ncrease
the ability of the young animal to neutralize numerous environmental
antigens using a limited B cell repertoire, The reactivities of these
clones might then be diversified 1n response to stimulation hy

particular antigens 1in the environment, resulting 1in the selection of
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B cells secreting antibodies with high affinity. Thus, in older mice
with larger repertoires, each clone expresses a high degree of
specificity to certain antigens and less cross reactivity 1s seen
among these clones (343,344). The authors hypothesize that the
similarity of the developing repertoires of normal and autoimmune
mice could suggest a role for a polyclonal activator which induces
the hyperproliferation of antigen-stimulated B cells 1n systemic
autoimmune diseases 1n mice,

Although these studies provide some insight into the origins of
autoantibodaes i normal individuals, many questlions remaln
unanswered regarding the mechanisms responsible for their production,
the differences between antibodies derived from normal individuals
and from patients with SLE, and the mechanisms by which
autoantibodies cause pathological abnormalities 1in SLE patients but
not 1in normal individuals. The use of hybridoma autoantibodies, gene
cloning and DNA sequencing, and voossibly, even transgenic mice,
should provide the means to attain more precise information regarding
the molecular genetic origins of these antibodies and their

pathogenetic relevance 1n vivo.

R
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CHAPTER II
RATIONALE, OBJECTIVES, AND SIGNIFICANCE

OF THE PRESENT INVESTIGATION

RATIONALE

Although 1lupus anticoagulant, anti-phospholipid and anti1-DNA
autoantibodies are clinically associated with abnormalities of
hemostasis in SLE, 1t 1s unclear whether these autoantibodies are the
direct cause of these hemostatic disorders and by what mechunsms
they act. The relationship of lupus anticoagulant, anti-phospholipid
and anti-DNA antibodies to anti-platelet and anti-endothelial cell
antibodies 1s also unknown, as are the epitopes on platelets and
endothelial cells responsible for antibady binding. Thus, an
investigation of the ability of indivaidual lupus anticodgulant, anti-
phospholipid and anti1-DNA antibodies to bind to platelets and
endothelial cells and to have functional effects on these cells
should provide direct and relevant answers to these questinns.

Lupus anticoagulant, anti-phospholipid and anti-DNA antibudires
are also found 1n normal 1individuals without apparent autolmmune
disease. It 1s not known what the qualitative differences hetlween
autoantibodies deraved from SLE patients and normal individuals are,
or why these antibodies are pathogenic 1n affected 1individuals, hut
not 1n unaffected individuals. These questions can be addressed using
hybridoma autoantibodies derived from normal 1ndividuals and SLE
patients 1in studies which compare the binding and functional

properties of these two groups of antibodies,




OBJECTIVFS

Our approdach to these questions has involved the production of
human hybridoma antibodies from normal individuals and SLE patients
and the characterization of the binding and functional properties of
SLE  and normal-derived hybridoma lupus anticoagulant, anti-
phospholipid and ant1-DNA autvantibodies on platelets and endothelial
cells, with the following specific objectives:

1. To analyse the relationship of platelet and endothelial cell-
binding properties to lupus anticoagulant, anti-phospholipid and
Aant1-DNA ant 1body r1eactivities;

2. To compare the bindiug and  functional reactavities of normal
ad SLE-derived autoantibodaes;

}. To adentify the epitopes on platelets and endothelial cells

respoustble tor autoantibody binding and functional activity.

SIGNTFTCANCE

The tuse  of  monoclonal  human  hvbiridoma autoantibodies should
vield usetul  and interpretable data about the relationship between
anti-platetet and  anti-endothelial cell  autoautihodies, and lupus
antrcoagulant , anti-phospholipid awnd ant1-DNA  autoantibodies 1n SIF
and vormal 1adividuals and the epitopes responsible for reactivity of
these autibodies with platelets and endothelial cells. Furtheimore,
studies on the ettects of  1ndividudal antibodies on platelets and
endothetial  cells 1w in vitro functional assays should praovide
tsipht nto autoantabody-mediated mechanisms respousible for some of

the hemostatic disorders seen 1n pattients with SLE,

.
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CHAPTER 111
LUPUS ANTICOAGULANT AND ANTIPLATELET PROPERTIES OF HUMAN

HYBRIDOMA AUTOANTIBODIES

RUNNING TITLF

Lupus Anticoagulant and Antiplatelet Autoantibodies
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ABSTRACT

The cliuical association of lupus anticoagulant antibodies with
thrombocytopenia and thrombosis was the rationale for investigating
the 1n vitre reactivity of these human hybridoma lupus anticoagulant
antibodies with platelets., Fifty human hybridoma antibodies from 13
patients with SLE, 2 women with multiple spontaneous abortions, and 4
normal  1ndividuals were analyzed for lupus anticoagulant, anti-
platelet | ant 1-dDNA aund antiphospholipid reactivities. Of the
hybridoma aut thodies studied, 25 had lupus anticoagulant activity, 21
had dantiplatelet reactivity and 7 of these had both lupus ant1-
coapttlant  and  antiplatelet properties. No correlation was found
between  fupus  anticoagulant  antibody activity and antiplatelet,
ant 1-dDNA, anticardiolipin, anti-egg phosphatidylethanolamine, anti-
phosphat 1dylser ine,  antiphosphatidylinositel and antiphosphatidyl-
cholmme reactions, In contrast, antaiplatelet activity was strongly
cotrelated with  antiphosphatidylethanotamine ([=O.761, p-0.001),
anticardiobipin ({-0.7&8. p<0.001} and ant1-dDNA (f=0.745, p<0.001)
1eactivities, Pretreatment of platelets with deoxyribonuclease,
ribomue lease,  tiypsin, or phospholipases A, and C resulted 1n
difterent ettects on the bindiug of individual hybridoma antibodies
to platelets, sugpesting that  antiplatelet antibodies may i1ecognize
ditteient epitopes on  the platelet membrane. Our data demonstrate
that wost hybyadoma lupus anticoagulant antibodies did not bind
ditectlv to platelets 1n vitro, This suggests that additional serum
tactois may be required 1n vivo to explain the association of these

antibodies with thiombocytopenia and thiombosas.
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INTRODUCTION

Lupus anticoagulant antibodies belong to a broader class of
antiphospholipad antibodies and are defined by their abilitv to
prolong the clotting time 1n 1B VILYo c0agulation assdavs medsun g,
the activated partial thromboplastin time (APTT). Paradoxicatly, the
existence of lupus anticoagulants 1n systemic lupus ervthemalosus
(SLE) sera has been strongly correlated with thrombosis and
thrombocytopenia but not with bleeding dasorders (1-7), These
clinical associations may be due to platelet aggregation and/on
platelet lysis, but few studies have demonstrated a direct efrect of
lupus anticoagulant antibodies on platelets (8,4),

Hybridoma technologv has permitted the cloning of monoclional
lupus anticoagulant antibodies. We have  previously shown that
hybridoma lupus anticoagulant antibodies derived from patients with
SLE can react with dDNA, cardiolipin, human IgG, and the hexagonal
form of phosphatidylethanolamine (PE)Y (10,111, The  epirtopels)
responsible for these multiple cross-reactivities 1emains unc lear but
evidence suggests that more than one epitope may be mmvolved (9),

Several different phospholipid reactivities have been described
for lupus anticoagulant antibodies., Thiagarajan et al. (12) reported
the reactivity ot monoclonal lupus anticovagulants with phosphatidyl-
serine (PS), phosphatidylinositol (Pi), and phosphatidic acad (PAY,
but not with phosphatidvicholine (PC) or PE, whereas FExner (13)
suggested the PE may be the most reactive phosphalipid, Harrie ot al,
(14) showed a strong correlation hetween lupus anticoagulant activity

and anticardiolipin binding 1n the sera of patients with SLE and
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found that serum antibodies which had been affinity-purified on card-
10l1pin liposomes had lupus anticoagulant activity and were able to
bind to cardiolipin, PA, PI, PS, phosphatidylglycerol (PG), and only
weakly to PE (15%). It 1s st1ll not clear, however, whether the lupus
anticoagulant and anticardiolipin antibodies are one and the same.

Iu the present 1nvestigation, we have studied the 1n vitro
reactivity of human hybridoma antibodies with platelets and the
assoctation of this reactivity with lupus anticoagulant, anti-
phospholipid and anti-denatured DNA (dDNA) antibudy activities. Our
results  demonstrate  that  some  human hybridoma lupus anticoagulant
anti1bodies can react with both live and fixed platelets and that
these tuteractions are due 1n part to dDNA, protein, and phospholipid
eprtopes. Noo signiticant correlations were found between the lupus
anti1coagulant activity and the antiplatelet, anti-dDNA, and
antiphospholipid activities of a given hybridoma lupus anticoagulant
antthody, but strong positive correlations were seen between

antiplatelet activityv, anti-dDNA, and antaiphospholipad reactivitaies.

MATERIALS AND METHODS

Mroduction  and Selection  of Human-Human  Hybradoma  Lupus

Anticoagulants

Venous blood (50 ml) was obtained from 13 patients who satisfied
the revised American Rheumatism Association criter.a for the
classitication ot SLE (16), 2 apparently healthy women with multaple
spontaneous abortions, but with completely normal laboratory tests

and serology, and 4 healthy indivaduals. Of the SLE patients, 7 of 13
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had a lupus anticoagulant, 9 of 13 had ant1-dDNA antibodies (> 30%
binding i1n a Farr radioimmunoassay (RIA)), b of 12 tested had a talse
positive Venereal Disease Research Laboratory (VDRL) serological test
for syphilis, and 5 of 10 tested had a positive anticardiolipin test
(OD.410 2 0.40 by enzyme-linked immunosoibent assay (FLISAYY, Ot the b
healthy subjects (2 with multiple spontaneous abortims=), 0 ot 6 had
a lupus anticoagulant, 0 of 3 tested had anti-dDNA antibodies, O ot 3
tested had a false positive VDRL, and 0 ot 6 had a positive
anticardiolapin test, The peripheral blood lymphocytes weae 1solated
on a Ficoll-Hypayue density gradieut and were fused with the GM 4672
human lymphoblastoid cell 1line (IgG-producing), obtained from the
Cell Repository Institute of Medical Reseavch, Camden, NT, at a cell
ratio of 1:1, using 44.4% polyethylene glycol., The tusion, plating,
and cloning procedures have been described elsewheve 1n detanl 17),
The hybridoma clones were scereened  and  selected  ftor lupus
anticoagulant and anti1-dDNA activities, Nine hybriydomwas 1M
antibodies which had neither of these activities were selected as
negative controls. All hybridoma antibodies except one (9702, an 1p6)
were IgM i1mmunoglobulins, as determined by a solid phase RIA (18),

DPetection of Hybridoma Lupus Anticoagulants

Hybridoma supernatants were tested for the production of lupus
anticoagulants using a modified activated partial thromboplastin tine
(APTT) assay (10). Clotting times were determined using the General
Diagnostics Coag-a-mate Iso single channel inctrument (Warner-Lambert
Co., Morris Plains, NJ). Fifty microliters of hybridoma ¢ulture
supernatant was diluted with an equal volume ut freshly reconst ituted

Verafy Normal Citrate (pooled normal human  plasma)  General
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Dragnostics, Scarborough, Ontario, tCanada) in a cuvet in a disposable
ci1rcular test tray (General Diagnostics). One hundred microliters of
4 1/32 dilution of APTT reagent (General Diagnostics) in 0,025 M
Tris=buffered saline, pH 7.4, which had been prewarmed to 37°C, were
then  added  and  the mixture 1ncubated for 5 min at 37°C., Afterv
mxing, 100 ul of 0,025 M CaCl, were added to the cuvet through the
reagent  ancubation arm to  initiate the clotting sequence. The
clottng tie was displayed on  the Coag-a-mate digital tiaey and
recorded, All samples were tested in duplicate,

Iu a previous study, 53 of 67 hybridoma antibody supernatants
pave APTT values below or equal (¢ 1.2 sec,) to that of the GM 4672
conti1ol medium  fmean APTT = 60 sec), An dantibody was defined as
having anticodgulant activity only 1f its APTT exceeded the APTT of
the GM 4672 control by greater than 5 SD (6 sec) (10), A total of 27
ant1thodies satistfied this criterion, but only 24 were available in
suffrorent quantities to be tested 1n all assays.

The prolongation of  thie APTT assay by all hybyidoma lupus
anticodggutant antibodies was inhibirted by hexagonal  but not lamellar
PE (10, In stmilar inhibition studies with plasma samples, hexagonal
PE inhabited the anticoagulant actaivity of plasmas with  known lupus
antrcoapulant  actavity, bhut not plasmas with anti-Factor VIIT ox

tactor deticiencires (J, Ranch and A, S, Janoff, unpublished yesults),

Detection of Antiplatelet Antibody by FLISA
Following the procedure of Asano et al. (19), polystyrene
Inmion-2 (Dyuatech) 9b-well plates were coated with 100 ul/well of

platelets (10%/mlY  1isolated from normal individuals and fixed with
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2.5% glutaraldehyde. The plates were stored at -70°C for up to 2 mo
and washed 5 times with TBS before using. Then 75 ul of hvbr wdoma
supernatant was added to each well 1in duplicate and incubated for 40
min at room temperature. After washing tive times, the plates were
1ncubated with alkaline phosphatase conjugated anti-human polyvalent
immunoglobulin (Sigma Chemical Co., St., Louis, MO) fov 90 min at 100m
temperature. The colowr was developed by adding 100 uwl of
p-nitrophenyl phosphate disodium (Sigma) and the OD values were read
at 410 nm using a Dvnatech MR600 ELISA reader.

Detection of Antiplatelet Antibody by RIA

Platelets were 1solated from citrated blood of normal donors by
centrifugation of the blood at 180 x g for 15 min to obtain platelet-
rich plasma, followed by centrifugation of the platelet—iich plasma
on a Percoll (Phaimacia, Upsalla, Sweden) gradient 300 x ¢ for 20
min. The platelel-containing layer was removed and washed 3ot imes
with Hanks' balanced salt solution containming 4 mwM EDTA, and the
washed platelets were resuspended 1n the same buffer and counted,
Fifty macroliters of platelets (3 x 10% platelets/ml) 1n assay but e
(Hanks' - 0.1% bovine serum albumin (BSA) - 1% hovine gamma globuin
(BGG), pH 7.2) was placed into 12 x 75 mm glass tubes, The platelet.
were then preincubated with 50 w1l assay buffer for 10 min at 37°4,
Fifty microliters of hybridoma antibody were added to  each tube and
incubated for 1 hr at 37°C, The platelets were then washed twice
with 0.5 ml of assay buffer, and centrifuged for 10 mn 4t 190 x ¢ an
an IEC clinical centrifuge ([EC, Needham Heilghts, MA). Aliquots of

100 pl of assay buffer and 100 ul of **"[-labelled rabhit anti-human
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IpM were added and 1ncubated toy 1b to 20 hr at 4°C., The next day,
the platelets were washed three times with 0.5 ml assay buffer and
centrifuged for 10 min at 190 x g 1n an 1EC clinical centrifuge. The

pellets were counted for 1 minute 1n a Beckman Gamma counter,

Pretreatment of Platelets with DNA and Enzymes

Pretreatment of the platelets with dDNA (Millipore Corporation,
Freehold, NJ) followed by buffer, DNAase (Cooper Biomedical, Malvern,
PA), or RNAase (Cooper Biomedical) was performed 11 a (w0 step
procedure as tollows. Fafty microliters ot platelets (3 X 10%
platelets/ml) 1n platelet RIA buffer were 1ncubated with 100 ul of
dDNA (0.5 mg/ml 1m saline sodium citrate buffer, pH 7.0) or 100 ul of
assay bufter tor 45 min at 37°C. After the incubation, the platelets
were washed with 0.5 ml of assay buffer bv centrifugation For 10 umin
at 190 x g, The supernatants were aspirated and 100 ul of DNAase (1
me/ml 1n Haunks' solution 4+ 6.25 oM MgSO, + 5 mM CaCl,) or 100 u!
RNAdase (1 mpr/ml 1n Hanks' solution}) was incubated with the platelets
tor 4% win at 37°C. The platelets were then washed twice with 0.5 ml
assay bufter by ceuntrifugation for 10 min at 190 X g and subjected to
the platelet-binding assav described above.

In the pretreatment ot  platelets with encymes onlv, the
platelets were 1ncubated for 45 min at 37°C waith 100 ul of assas
butter or engyme  (DNAase, 1 mg/ml  + 6,25 mM MgSO, + 5 mM CaCl,:
RNAase, | mg/ml; phospholipase C (Cooper Biomedical), 0.5 mg/ml + 40
mM CacCl,; phospholapase A, (Boehriuger Mannheim, Dorval, Quebec), 0.5
me/mb o+ 5 mM CaCl,; protease (Cooper Biomedical), 0.5 mg/mi + 5 uM

Catl,. or  trvpsin  (Cooper Biomedicalld, 0.5 mg/ml). The platelets
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were then washed twice with assay buffer by centrifugation for 10 min
at 190 x g and subjected to the platelet-binding assay described
above,

Detection of Antaphospholipid Antabodies

Cardiolipin, egg PE, PS, PI, and egg PC were purchased from
Avanti Polar Lipids (Birmingham, AL), dissolved 1n chloroform, and
stored at -=70°C. For coating of ELISA plates, the chloroform was
evaporated using nitrogen gas and the phospholipids were suspended 1n
phosphate buffered saline (PBS) (pH 7.3) at a concentration of 90
pg/ml and hydrated above their transition temperatures for 1 hour,
Fifty macroliters of the phospholipid suspension was added to
polystyrene Immulon-2 plates well (Dynatech) and dried for 16 to 20
hr at 37°C. To control for nonspecific antibody binding, one half ol
each plate was coated with phospholipid while the other half was
coated with PBS. The coated plates were washed 3 times with PBS
containing 1 mM EDTA and 0.3% gelatin (prewarmed to 37°C)., A % min
incubation was used between each wash to block any free binding
sites., Test samples (50 wul/well) were 1ncubated 1in duplicate on
phospholipid and PBS coated wells for 3 hr at room temperature. The
plates were then washed three times with PBS containing 0.47% BSA, and
75 1 of alkaline phosphatase-conjugated palyvalent goat anti-humdn
Ig (Sigma) diluted 1in PBS-0.4% BSA was added and the plates incubated
for 16 to 20 hr at room temperature. The plates were then washed 3
times with PBS-0.4% BSA; and 100 ul of p-nitrophenyl phosphate
disodium (Sigma) 1in 50 mM carbonate huffer, pH 9.5, containing 2 mM

MgCl, were added and incubated for 1 hr at 37°C. The resulting
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colour change was recorded at 410 nm using a Dynatech MR600C ELISA

reader,

Anti-dDNA RIA

RIA for ant1-dDNA antibody activity was performed as previously

described (18),

Statastics

The negative ranges of the ELISA and RIA results were expressed
by 99% confidence 1intervals (means * 2 SE) which were calculated from
tive known negative samples in four repeated assays.

The correlation coefficients of the different antibody
activities were calculated using Pearson's (r) or Spearman's rank (f)
correlation coefficients, depending on their dot plots, and thear
significance was estimated from correlation tables (20,21).

Assoclation was assessed using a two-tailed Fisher's exact test,

RESULTS

Production and Selection of Human—Human Hybridoma Autoantibodies

Fifty hybridoma clones were selected for stu?’y from 19 human
fusions of peripheral blood lymphocytes from 13 SLE patients, 2
apparently healthy women with recurrent spontaneous abortions, and 4
normal individuals. The hybridoma clones were 1nitially screened and
selected for lupus anticoagulant and anti1-dDNA activities. A total of
12 SLE-deraived antibodies and 19 normal-derived antibodies with
tither one or both of these activities and 6 SLE-derived and 3
normal-derived antibodies with neither of these activities were

selected for this study. Thus, of the 50 hybridoma antibodies, 9 had




61

both 1lupus anticoagulant and anti-dDNA activities, 16 had lupus
anticoagulant actavity only, 16 antibodies had anti-dDNA activity
only, and 9 did not have ei1ther lupus anticoagulant or ant1i1-dDNA
actaivity, All of the hybridoma antibodies except one were 1gM
immunoglobulins. This single IgG hybridoma antibody had lupus
anticoagulant actavaty only ard showed similar reactivities to the
IgM lupus anticoagulant antibodies. Supernatants were not davailable
from all of the 50 hybridoma clones to be studied 1in each of the
assavs.

Comparison of the Direct Bainding of Hybridoma Antabodies to Live and

Glutaraldehyde Fixed Platelets

0f the 50 hybriadoma antibodies studied, 132 antibodies were
tested 1n direct binding assays to compare their binding to live and
glutaraldehyde fixed platelets by RIA and ELISA, respectively (Table
I). Five antibodies known to be negative in all assays were tested 1n
each assay and had a mean value of 572 #* 295 (mean %+ 2 SE) cpm 1n the
RIA and 0.02 + 0.05 (mean * 2 SE) 0OD,;0 1n the ELISA, A positive
antiplatelet antibody by RIA was defined as having greater than 900

cpm and 17 of 32 hybridoma supernatant fulfilled this criterion,

Table I, Hybridoma Antibody Binding to Live and Fixed Platelets

Bindaing to Fixed Binding to Live Platelets by RIA
Platelets by ELISA
Positive Negat ive
Positive 15 1

Negative 2 14
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Table 1. Association of Lupus Anticoagulant Activity with Anti-

platelet, Antiphospholipid, and Ant1-dDNA Reactivities

APTT Actaivity®s Correclation Associ1iation©
Antibody Binding B e
Reactivity Positive Negative Coeffic:ent®
Aamti-Platelet Positived 7 14 r-——0.174 NS 0.05
At 1-Platelet Negative 18 9
Ant 1—=dDNA Positive© Y9 16 1==-0,076 NS < 0,05
Ant 1-dDNA Negative 16 8
At 1-ul Posative! ] 9 r=—0.145 NS 0.05
Ant 1-Cl Negative 22 15
At 1 =PF Positive b 13 r==0.168 NS NS
Mt 1-PF Negative 15 11
Ant 1-PS l'ositivet? 2 4 r=—0.049 NS NS
Ant 1-P5 Negative 17 14
Ant =Pl Posi1tive 2 5 r--0.004 NS NS
Ant 1—-FPI Negative 17 11
Ant 1-PC Posaitive! 1 4 ==0.,033 NS NS
Ant 1-PC Nepatave 20 14

A positive APTT was defined as greater than 66.0 sec, where the
mean * SE of the uegative hybridoma antibodies vas b61.7 & 4.2,

Pearson's correlation coetficirent (r) was determined from the
numerical data  and was not based on the assignment of positive or
nepative assay results. NS = not significant.,

The association, as measured by 4 Fisher's exact test, 1s shown as
a p value.

A positaive ELISA value was greater than 0,08 OD,;o units for
antiplatelet reactivity, greater than or equal to 0.12 0D430 units
tor ant1-PF, aud greater than or equal to 0.10 0D,,0 units for
anticairdiolapin (CL), anti1~PS, anti-PI. and anti~PC.

A positive dDNA binding was greater than or equal to 750 cpm,
wherr the mean ¢ 2 SE of the negative controls was 302 ¢ 178 cpm,
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A positive antiplatelet ELISA result was defined as an 0D 0 value
greater than 0.08 and 16 of )2 hybridoma antibodies were positive by
ELISA. Samilar vresults of hybridoma antibodv binding to five and
fixed platelets were observed with 29 of the 32 antibodies and the
kappa value was 0.81, which denotes excellent agieement bhetween the
assays (Table 1), As the results of the FLISA and RIA were vy
comparable, the antiplatelet ELISA was used for all turther asways,
except for the dDNA and enzyme pretreatment studies. lu the latte
studies, live platelets are rvequired for dDNA biading and enzvmat i
modification of the platelet membrane,

Association of Lupus Anticoagulaut Activity with Autaplatelet, Anty-

phospholipid, and Ant1-DNA Reactivities

Fifty hybridoma antibodies were tested to study the yelat ronship
of therr lupus anticoagulant activity to thery antaplatelet | anty-
phospholipid and ant1-dDNA properties (Tahle (11, Ssuttacrent
supeynatant was not availlable tor simultaneous testing 1n each ansay
and, thus, only 48 of the 50 antibodies were tested  an the
ant1platelet and anti1-dDNA uassays, dand between 42 and 50 antabodies,
were analyzed 1in the various antiphospholipid assays. No signit rcant
correlations were found between the lupus aut pcoapulant activiaty uf
the hyhridoma antibodies and their anti-egg PE, anti1-P5, anti-Pl, and
ant1~PC reactions, Surprisingly, sipniflicant nepat 1ve asLoC rations
were demonstrated for lupus anticoagulant actavity and antiplatelet
reactivity (p < 0.05), ant1-dDNA reactivity (p 0.0%), and

anticardiolipin reactivaty (p = 0.05),




64

20 — o ° °
© o
18 p— °
16 |- °
’B 14'— -]
i
(o)
]
= 12 —
S v 0761
hd o n 47
2
§ 10—5
[
w o
a °
o 08 p
5]
u
©
< 06 |-
o
04 |
°
2
0 ° . o

o
ko
] lo ] | I ] ﬂL_J
02 04 06 08 10 12 18
Anti-Platelet Reactivity (O D 449)

Figure 1. Correlation of Anti-Egg Phosphatidylethanolamine
Reactivity with Antaiplatelet Reactivity

Anti-egg PE and antiplatelet reactivities were measured on 47
hvbridoma antibodies 1n ELISA assavs. FEach point represents the mean
of duplicate samples. The Spearman's vrank correlation coefficient
(l') was 0,70l (p « 0.001),
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Table I11. Correlation of Antiplatelet Reactivitv with

Antiphospholipid and Ant1-dDNA Reactivities

Antibody Binding Binding to Coirrelation
Reactivity= Fixed platelets toetficient” Association®

Positive Negatlive

Ant1~-dDNA Positive 20 1 0.745 < 0.00001
Ant1-dDNA Negative 4 23

Anti-CL Positive 11 0 0.748 0.00002
Ant1-CL Negatave 10 27

Ant1-PE Positive 16 ) 0.761 0.,00001
Ant1-PE Negatave 5 24

Ant1-PS Positive b 0 0.6b)6 < 0.01
Ant1-PS Negative 11 19

Ant1-PI Positive 7 0 0.655 0.0}
Anti1-PI Negative 10 17

Ant1-PC Positave 5 0 0.5%%6 0.04
Anti1-PC Negative 12 20

a2 Ppgsitive and negative values were as defined 1n Table II,

b Spearman's rank correlation coefficient (f) wasn determined by
ranking the numerical data and was not hased on the assigument of
positive or negative assay results.

< The association, as measured hy a Fisher's exact test, 15 shown as
a p value,
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Correlation  of Antiplatelet with Antiphospholipid and Anti-dDNA

Reactivities

Figure 1 and Table I1I demonstrate a significant positive

correlation of antaiplatelet reactivity with anti-egg PE ([ = 0,761, p

0.001) and anticardiolipin activity ({ - 0.748, p ~ 0.,001). There
were  also vartous degrees ol correlation found between the
antiplatelet reactivity and the  anti1-pC ([ = 0.5, p < 0.001),
ant 1-pl 4( 0.6%5, p < 0,001), and ant1-PS (( - 0.63h, p © 0,001}
reactivit1es of the hvbridoma antibodies (Tahle 1I1). The p values
for the assocration of antiplatelet reactivity with the different
antiphospholipid reactivities were completely  cousistent with the
correldalion coeflticient s,

Firgure 2 and Table 111 demonstrate a signtfircant correlatiron
between the autaplatelet and  ant1-dDNA ireactivities of 48 hybridmaa
antibhadies (( 0.74%, p - 0.001)r., Of the 22 ant1-dDNA auti1bodies,
all reacted with platelets, All ant 1—dDNA negative antibodies (n -
oY with one exception, were antiplatelet negative, The associdtion
ot the antaplatelet  and auti1—-dDNA  reactivities of  the hybridoma
ant thodies was haghly significant (p < 0,00001).

latelets with dDNA and Enzymes

Fittects of Pretieatment of

The effect of the pietieatment of platelels with DNAase and
RNAase ts shown for two antiplatelet hybridoma antibodies 1in Figure
J, For both antibodies 1403 and 1400, DNAase treatment resulted 1n a
small decrease (18 and  25%, respectively) 1n antiplatelet antibody
binding, while RNAase treatment had mno effect on the banding to

platelets, In contrast, preincubation of the platelets with dDNA
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Frgure 3. Fltects of Pretreatment of Platelets with DNAase, RNAase,
and DNA on Platelet Binding of Hybriadoma Antibodaes 1403

and 1400

Inw addition  to therr antiplatelet reactavity, both 1403 and 1400
had strong ant1-dDNA and weak anticardiolipin reactivilty. Antibody
1403 had lupus anticoagulant activaty, while 1400 ¢d1rd not. The bars
on the lett side ot the tigure denote c¢pm bound to platelets
pretreated with bultter, DNAase, or RNAase. Bars on the right side of
the tigure denote cpm bound to platelets pretreated tirst with DNA
and then with buttfer, DNAdase. or RNAase. Fach bar represents Lhe
mean ot dupticate samples. The dotted line shows the mean cpm bound
by a nepative contiol hvbridoma antibody,

-
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resulted 1n enhanced binding (160% tor 1403 and 495% for 1400). Thas
enhancement  was  conpletely abolished bv 1ncubation of the
DNA-treated platelets with DNAase bhut not ENAase,

The etfect< ot pretreatment of plateletls with different enzymes
1~ shown  in Firpure 4, The platelet bhinding of  two hybridoma
antibodres (9200, 49700 1n daplicate experiments (the means * SE are
showny ta these  enzvine-tieated platelets  further  demonstrates the
difterent bunding specerficities  of  the hybiidona antibodies,  The
bandiuy, of antibody 49200 was decreased 207 by phospholipase Ay, but
tncreased  approsimately 207 by pretieatment with phospholipase €,
Motease caused a e decrewse 1 the binding  of antaibody 3200,
whereas  DNAase and tryypsiu had  Tittle effect oun this antibody!' s
bainding. fn contrast, the bhmding ot antaibody 4700 to  pliatelet @ was
decreased by apparovimatelyv 287 and 437 after trieatwent of the
platelet - with  DNAjwe and  tiypoin, respectively,  but unaftected by
RNAase, phospholipases A, and C, and protease, suggesting that this
antitbody had o speciticity for an epitope on the platelet nembyane

composed al botls dDNA and proteqw,

DISCUSSTON

Strony cltunreal assoc gt ous between  lupus anticoagulant
antibodres  or anticardiolipion antibodies) and thrombocytopeinnia,
thiombosis, and  multiple spontaneous abortions 1m SLE suggest that
the  lupus ant 1coagulant  antibodies may be wmportant in the
pathogenests of  these clinical manifestations. Reactivity of the

Tupus anticoagulant antibodies with platelet and/or endothelial cell
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Figure 4. Effects of Pretreatment of Platelets with DNAase, KNAase,
Phosphalipase A, (PLipasc A,), Phospholipase C (PLipane C),
Protease, and Trypsin on Hybridoma Antibodies 9200 (Tow),

and 9700 (Bottom)

In addition o 1ts antiplatelet reactivaty, antibody 3200 had
strong anti-dDNA, weak anticardiolipin, and no  lupus anticoapulant
activity. In contrast, antibody 9700 had weak anti-dbNA, 1o
anticardiolipin, and fairly strong lupus anticoagulant actyviaty. The
bars denote percent (%) maxaimal binding of '?”I-labelled anti-human
IgM to platelets atter 1ncubation with the indircated hybridaoma
antibody and represent the means of duplicate experiments, with 5K,

as shown.




membr ane  phospholhipads 1 a likely mwechanisr., In this study,
hvbiydons ltupus  antacuagulant actavity  did ot correlate  with

antiplatelet or  antiphospholipid reactivities and, 1n fact, showed a

nepat 1ve  as<octation with antirplatelet, ant 1—dDNA, and  anti-
cardsobipi reactivitaes, However, the antaplatelet yeactivity ol
the  hvbrrdoma ant1bodies was strmgly correlated with  anti-

pho~pholipid  and  aut1-dDNA - reactavities, Further evaluation of the
phitelet nembrane detenmnants recoputeed by the hyby rdome ot 1bod tes
cuppe-ted that protesa and DNA o protern and pho-pholipad tav for
two ot the poesable platelet determinants.

the  poscability that  platelet redrtivity omay be  due Lo
phospholipids. on the plitelet nempbiane  led us to pmvestigate the
phosphioliprd speeaficaities ot the-e antibodies, The phospholipid
compnsattion ot the human phatelet meprhrane s 177 sphingonyelin, 358"
o, ton Py, 50 b, 277 PR 1T dveolecithin, and 0,57 cadiolipiu
2D, these phospholaprds are distraibuted asymmetrically between the
mtevron and exterioc aalf ot the platelet cell membrane (23,24, and
approstattely 91" ot the sphingowye din, 0% ot the PC, 34% of the Pk,
and Tesw than 67 ot the PS ¢+ P forus the outer halt of the suriace
acrhy e (2 The  rmitration ot clottiug requires the exposuse of

“"rimer —mono Laver "

Lipids such s Phoand the negatively chagged Tipid
Phoon the puter monolaver ot platelets (249,

The  byvbrrdona antibodies were tested for reactavity  with
cardrobipiu, epp, PF, PS, PL. and egg PC 1n FLISA, and a close

contelation was demonstrated between antiplatelet and anticaidiolipin

teact tvities \f - 0.745;, p < 0.001), and antiplatelet and anti-PFL,
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(f = 0,761; p < 0.001) reactaivities. A similar corielation was noted
with platelet and dDNA-binding reactivities (( = 0.745; p <« 0.00D),
1t wvas found that DNAase.‘but not RNase, diminished the binding of
some antiplatelet hybridoma antibodies by 10-30%. DNA pireticatment
of platelets greatly enhanced the binding of the hybridoma antibodies
to platelets, and this enhancement wds completelv abolished by DNAane
but nect RNAase digestion, 1indicating that DNA could bind to the
platelets and thereby augment hybridoma antaiplatelet autibodv binding
and that this DNA «could be removed by DNAase enzyme dipestion,
However, endogenously bound DEA mav not be an 1mportant epitope, as
DNAase digestion of untreated platelets often had a minmimal effect on
the bainding of antaplatelet antibodies tu platelets.

Pretreatment of platelets with other ensymes, ncluding two
phospholipases, protease and trypsin, affected the buding of some ol
the hvbridoma antiboadies, The most dramatic eflects  were seen on
ant1body Y700, where DNAase and tiypsin decreased  the antirbody
binding by 28% and 43%, respeclively, suggesting thst antihody 9700
was binding to a platelet determinant which was composed of both
protean and DNA, The binding of another hybridoma ant thady €03200)
was affected after treatment of plateletls with phowpholipase A,
phospholipase C and protease hul not by DNAame  or trypsin, The
binding ot this hyvbridoma antibody to the platelet membrane appear,
to wnvolve a phospholipid and protern determinant..  Decreased hindig
after treatment with phospholipase A, sugpests that the tatty acad an
the 2-position of a membrane phospholipid may he  an nmpostant ote

for antibody binding.
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Studies with phospholipases on red cell membranes have shown
that the ability of the enzymes to attack membranc phospholipids 1s
dependent on multiple varaables, 1including the substrate speciticity
of the enzyme and the sidedness of the phospholipids 1 the membrane
(25). Thus, complete abrogation of a phospholipid determimant way
not be achieved 1n an 1ntact cell, O data sugpests  thal
phospholipase may partially expose or destroy epitopes amportant ton
some antiplatelet antibodies (e.g. antibody 9200). The fact that
phospholipase C treatment resulted 1in enhanced antibody binding wiy
be due to exposure of cryptic determinants or reaction of Lhe
hybraidoma antiaibodies with cnzyme bound to the platelet surtace,
Based on solid phase RIA 1n which enrymes were coated to polystyrene
test tubes, antibody 9200 did not show sipnificant binding to er1the
phospholipase C or A,, suggesting that the enhanced hinding to
phospholipase C treated platelets may be due to exposuie of o new
phospholipad epitope,

Several reports have demonstrated that anti1-DNA autoant thodies
can baind to platelets (19,26,27)., Asano et al. (17) found that DNA
inhabited the binding of their hybridoma anti1-DNA  antihodies Lo
platelets and suggested that these antibodies interact with platelets,
through the same site responsible for DNA  bainding. Haowever
enzymatic digestion studies suggested thal the platelet epitope did
not appear to 1involve DNA, protewn, or sialic acid. A mouse
monoclonal anti~DNA autoantibody (PME77) derived from autoimmune B/W
mice has also been found to react with platelets and other cell types

£27). This antibody recognized 1dentical protein(s) an platelets,
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erythrocytes, glomeruli, T and B cells, and neuronal tissue, and, 1n
further studies, the target antigens were shown to be sensitive to
proternase K, papain and trypsain (28).

Although DNA receptors have been described on human platelets
(29), our study and those of others (19,27) suggest that DNA 1s not
the major antigen responsible for antibody binding to the platelet
surface. Recently, Bemnett et al. (30) demonstrated that the
majority of SLE patients had serum antibodies which could induce a
DNA-receptor defect 1n normal leukocytes, consistent with the
hypothesis that these antibodies may react with the DNA receptor or
an associated antigen. It 1s tempting to speculate that some of our
platelet-reactive hybridoma antibodies may react with the DNA
receptor on platelets and be able to induce platelet aggregation and
serotonin release 1n a manner analogous to DNA (31). Our data
suggest that the antiplatelet reactivity of our hybridoma antibodies
1s 1ndependent of the lupus anticoagulant activity of these
antibodies, and that although both reactivities appear to involve
phospholipid epitopes, these epitopes are probably not identical and,
in the case of the platelet-reactive determinant, may require
protein.

Studies of antiplatelet antibodies using sera from patients with
1mmune thrombocytopenic purpura (ITP) have identified specific
reactivities of antibodies with glycoproteins IIIa (32), T1Ib/IIIa
(33), and Ib (34). Harris et al. (35) have reported the presence of
anticardiolipin antaibodies in 30 of 96 patients with chronic

autoimmune thrombocytopenic purpura but no overt manifestations of
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SLE, However, the 1levels of platelet-associated antibody did not
correlate with eaither IgG or IgM antaicardiolipin antibodies, Mot e
recently, the same group has reported thdat anticardiolipin antibody
activity 1n the sera of five patients wilh antiphospholipid syndiome
could be partially 1inhibited by freeze-thawed platelets (36), To
date, it appears that the antiplatelet antibodies tn ITP are directed
primarily at specific platelet glycoproteins, whereas the antibodies
reactive with plateletls 1n patients with SLE and autiphospholipid
syndrome may be more heterogeneous and react with proteins,
phosphol1pids, or DNA on the platelet swmiface, 1t will be mportant
to determine whether the protemns 1responsible for antaiplatelel
reactivity 1in SLE are similar or different to those 1n 1TP. The
nature of the platelet reactivity of antibaodies from SLE patients may
be crossreactive, as opposcd to the apparently specific reactivily to
platelet glycoproteins seen 1n ITP patients, Hybridoma monoclonnl
anti1-dDNA and antiphospholipid autoantibodies from patient: with SLF
have been demonstrated to 1cact with DNA, phospholipids, and
proteins, 1ncluding human 1mmunoglobuling and cytoskeletal proteins
(9-11,37).

Our tindings that antiaplatelet reactivity correlated stronpgly
with anti1-dDNA and antiaphospholipid reactivity and may be duoe to
determinants composed of dDNA and protein, or phospholipid and
protein, are i1n agreement with previously reparted cross—reactivities
of these antibodies. The lack of correlation, however, of lupus,
anticoagulant activity with antiplatelet reactivity suggests that

additional factors may be required to explain the association of
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lupus anticoagulant antibodies with thrombocytopenia and thrombosis.
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CHAPTER 1V
DIFFERENCES BETWEEN HUMAN HYBRIDOMA PLATELET-BINDING
ANTIBODIES DERIVED FROM SYSTEMIC LUPUS ERYTHEMATOSUS

PATIENTS AND NORMAL INDIVIDUALS
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Platelet-Binding Autoant thodies
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{ \E ]

ABSTRACT

The binding and functional activities of platelet-biuding
hybridoma autoantibodies from SLE patients were compated with those
derived from normal 1individuals., Twenty-nine Sl.E-derived hvbi rdona
antibodies and 20 normal-derived hybridoma antibodies were analyvsed
for binding to glutaraldehyde fixed platetets, dDNA and phospho-
lapids, and for lupus anticoagulant actavity., Twentv-tour of  the !
SLE-derived antibodies and 9 of the 20 novmal-dernived antibodies
showed one oy more activities 1n these assays. 0t the 24 SLE-deyived
antibodies, 8 (33,3%) were reaclive 1n only one assay (nonospecifice),
while the other 16 (66.7%) had more than oune of these activities
(polyspecific). In coutrast, none (0%) of the 9 normal-derived ant -
bodies with known activities were monospecific, while all 9 (100%)
showed polyspecaficity. Statistical analyses demonstrated that there
was no correlation of anta-dDNA activity with anti—-platelet and most
anti-phospholipid activities for the SLE-derived antibodies, and
strong poslitive correlations between these reactivities for the
normal-derived auntibodies. Differences were obseyved 1n Western
blotting analyses; SLE-derived antibodies bound more specifically to
individual platelet proteins than normal-derived antibodies, In "'€)
release assays, all of the SLE-derived platelet-binding antihodies
were cytotoxic to platelets, while none of the normal-deyived
antibodies showed significant cytotoxicity., Our results sugpest that
hybridoma platelet-binding autoantibodies derived from SLE patienty
exhibat greater antigen specificity and functional activity than

similar antibodies derived from normal individuals.
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INTRODUCTION

antibodies with autoreactavity have been reported to exist 1n
the sera ot unorma! wmice and human subjects, suggesting that
individuals without apparent autoimmune disease have B cells which
can be actavated to secrete autoantibodies®~®, These autoantibodies
are often characterized by extensive crossreactivity
(polyspecificity)™+® and 1diotypic connectivity*-7:%, The production
of  autodantihodies by normal 1ndividuals raises several 1mportant
questions regarding the differences between the autoantibodies
derived from patients with systemic lupus erythematosus (SLE) and
normal 1mdividuals, and the mechanisms by which autoantihodies cause
patholoprcal abnormdalities 1n patients but not in normal individuals.
Although i1ndividual studies have examined the characteristics of
cither normal-derived® 2-7 '!'  or gutoimmune-derived*?—2° antaibodies
with autoreactivity, few laboratoriesg4-21.22 have compar ed
autoantibodies from noimal and autommmune subjects. In particula, 1t
has bkeen ditficult to produce human hybridoma antibodies from
peripheral  bleod  lvmphocvtes of normal subjects to compave with
similarly deirived antibodies of SLE patients.

In our laboratory, we have pioduced human hybridoma platelet-
binding antibodies from both SLE patients and normal individuals??,
In a4 previous study, we evaluated the lupus anticoagulant, anti-—
phospholipid and anti-platelet properties of a group of hybridoma
antibodies derived trom both SLF patients and normal individuals??.
Statastical analvses performed on the SLE and normal-derived antibody

pool  showed no correlation between lupus anticoagulant antibody
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activity and anti-platelet, antai-dDNA, or anti-phospholipid antibody
reactivity. In contrast, anti-platelet reactivity of these hvbridoma
antibodies was found to correlate strongly with anti1-dDNA and seveiral
anti-phospholipid reactivities. In the piresent study, we divided the
hybridoma antibodies 1nto two groups accordaing to their origin tiom
either SLE or normal 1individuals and analyced the conielations
between anti-platelet, anti-dDNA and auti-phospholipid recactavities,
as well as differences and similarities between the SLE and normal -
derived hybridoma antibodies 1n  their biuding and functironal
characteristics. The results demonstrate that many of the platelet—
binding antibodies derived from either SLE patients or noimal
individuals are polyspecific, but that the polyspecitic antaibodies
derived from SLE patients differ from normal-derived antibodies in
their bindang and functional actisvities. Our data show that most SLk-
derived autoantibodies exhibit greater antigen specitficity  and
functional activity than autoreactive antibodies derived  from normal
individuals, suggesting that these differences 1n rjeactivitly may he

relevant to differences in pathogenicily 1n vivo.

MATERIALS AND METHODS

Production, Selection, and Purification ol Human Hyhridoma Antibodies

Human hybridomas werxe produced from fusions of the M AHK72
lymphoblastoid c¢ell line (IgG—producing) with perapheral  biood
lymphocytes from 13 patients with SLE and 4 healthy normal
indivaduals, as previously described®, All of the 13 patjents

fulfalled the American Rheumatism Association revised criteria for
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the classi1fication of SLE?*, The hybridoma clones were screened and
selected for anti~dDNA, anta-platelet and 1lupus anticoagulant
activities., Antibodies positive for any of these 3 reactivities were
tested for binding to different phospholipids. Hybradoma clones were
screened for IgM and 1IgG production by solid phase radioimmunoassay
(RTA)?%, All hybridoma antibodies used 1in this study were IgM
immunogiobulins, with the exception of 9702, derived from fusion 97,
which was an lgG.

The purification of hybridoma antibodies was performed by
attinity chromatography using a rabbat anti-human IgM or IgG antibody
conjugated Lo CNBr-activated Sepharose 4B (Pharmacia, Uppsala,
Sweden) column2*, Bound immunoglobulin was eluted from the columns
using, 0.1 M pglycine-HC1 buffer, pH 2.3, and dialyzed against

phosphate-buftered saline, pH 7.3 (PBS).

Petection ot Antibody Binding to Phospholipids and Denatured DNA
The enzyme-linked 1mmunoassay (ELISA) for phospholipid binding,
and the radiormmunoassay (RIA) for binding to denatured DNA (JDNA)

have been previously described in detail'5:22, Phospholipids used an

binding assays, including cardiolapin (cL), egg
phosphatidylethanolamine (PE), phosphatadylglycerol (PG),
phosphatidylcholine (PC)Y, phosphatidylinositol (PI) and

phosphatidvlserine (PS), were purchased from Avant1 Polar Lipads
(Birmingham, AL), DNA was purchased from Worthington (Freehold, New
Jersey), Briefly, Immulon-2 plates (Dynatech, Alexandria, Virginia)
(for the EL1SA) or polystyrene tubes (for the RIA) were coated wath

antigen, incubated with hybridoma culture supernatant, and then with
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alkaline phosphatase (Sigma Chemical Co., St. Louas, Mo) or !'*"]1-
labelled anti~human polyvalent ammunoglobulin (Tago, Burlingame, CA).
ELISA plates were developed with p-nmitrophenyl phosphate disodium (1
mg/ml) and read at 410nm using o Dynatech MR600 ELISA reader, and
radioactive tubes were counted for 1 minute 1n a Beckman gamma—
counter.

Detection of Antibody Bindaing to Platelets

Following the procedure of Asano et al,'®, polystyrene Immulon-2
(Dynatech) 96-well plates were coated with 100 ul/well of platelets
(108/ml) 1solated from normal 1individuals and fixed with 2,5%
glutaraldehyde. The plates were blocked with 0.5% gelatin, stored 1n
60% glycerol at -70°C for up to 2 months, and washed five times with
Tris-buffered saline, pH 7.4, before usang. Then 75 ul of hybridoma
supernatant were added to each well 1n duplicate and incubated for 90
min at room temperature. After washing fi1ve times, the plates were
incubated with alkaline phosphatase-conjugated anti-human polyvalent
immunoglobulan (Sigma Chemical Co.) for 90 min at room temperature.,

The colour was developed and read as above,

Activated Partial Thromboplastin Time (APTT) Assay

The dilute APTT assay was performed by the method nf Rauch et
al.*?® as previously described. Briefly, hybridoma supernatants were
incubated with an equal volume of freshly reconstituted Verify Normal
Citrate {pooled normal human plasma) (General  Dragnostics,
Scarborough, Ontarioc), and a 1/32 dilution of APTT reagent (General

Diagnostics) in cuvets in a disposable ciarcular test tray for 5 min

at 37°C, Then, 100 yl of 0,025 M CaCl, was added to 1initiate the
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clotting sequence, The clotting time was displayed on the General
Diagnostics Coag—a-mate Iso single channel instrument (Warner-Lambert
Co., Morris Plains, NJ) digital timer. All samples were tested in
duplicate and an antibody was defined as having lupus anticoagulant
activity 1f 1ts APTT exceeded the APTT of the GM 4672 control by
greater than 6 seconds'?,

Sodium Dodecyl Sulfate Polyacrylamide Gel Flectrophoresis (SDS PAGE)

and Western Blotting

Platelets 1solated from normal 1ndivaduals were solubilized in
S5DS sample buffer at 2 x 102 cells/ml and the proteins were
electrophoretically separated 1n an 8-12% SDS polyacrylamide gradient
gel and then transferred onto 0.45 un nitrocellulose membrane (Bio
Rad, Richmond, CA) at 60 volts for 17 hours at 4°C. The
nitrocellulose membrane was cut 1into strips and 1incubated with
hybridoma antibody for 3 hours at 37°C, followed by incubation with
peroxidase-conjugated goat anti-human IgM (w specific) antibody
(Tago, Builiangame, CA) for 1 hour at 37°C. The colour was developed
using diaminobenzidine,

Cytotoxacity of Hybridoma Antibodies to Platelets and Lymphocytes.

Platelets or lymphocytes 1solated from citrated normal blood
were 1ncubated with ®!'Cr sodium chromate (Frosst, Kirkland, Quebec)
and washed to remove free 1radioactavity, The 3!'Cr-iabeled cell
suspension was plated 1n V-bottom microtiter wells at 5 x 10° cells
per well and incubated with 150 pl of hybridoma culture supernatant
or affiuity-purified antibedy diluted to 5 wg/ml an PBS-A buffer,

containing 2.8 mM KH,PO,, 12,6 mM Na,HPO,, 0.12% citric acad, 0.33%
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sodium citrate, 0.05%Z EDTA, 20 mM glucose, 7.2 mM NaOH and 0.5%
bovine serum albumin, at 37°C for 1 hour. Then, 50 ul of rabbait
complement (GIBCO, Grand Island, NY) were added and the plates
incubated for 30 minutes at 37°C, The supernatants were harvested and
counted for 1 minute in a Beckman gamma-radiation counter to measure
S1Cr-release from the cells (cell lysis). The spontaneous reledase was
the 31Cr counts released from cells incubated with only PBS-A buffer
or medium and the total release was obtained by Triton X100 lysis of
the 5'Cr-labeled and washed platelets. The percentage of *!Cr-release
was calculated by dividing the 5'Cr release for a sample by the total
31Cr-release,

In these experiments, MCA 167 (Serotec, Blackthorn, England), a
commercial monoclonal antibody which specifically binds to 2Zw®, a
platelet and megakaryocyte alloantigen present 1n 98% of individuals,
was used as a positive control.

Statistical Methods

The negative ranges used 1n all assays were expressed hy 99%
confidence intervals, that 1s, the mean plus or minus 2 standard
deviations (mean * 2 SD). The following values, which were considered
positive in each assay, were calculated from the mean plus 2 SD of 5
known negative samples in repeated assays: cpm > 750 in the anti-dDNA
radioimmunoassay; OD,;o > 0.08 1in the anti-platelet ZLISA; OD.,0 2
0.10 in the anti-phospholipid ELISAs (except for anti-egg PE); 0D.,o
2 0,12 ain the anti-egg PE ELISA; and an APTT 2 6 seconds ahove the
negative control in the APTT assay.

The correlations between different antihody activities were




91
analyzed using Pearson's correlation coefficients and their
significance was estimated from correlation tables27?, Association was

assessed using a two-tailed Fasher's exact test28,

RESULTS

Platelet Banding Reactivities and Lupus Anticoagulant Activity of

Hybraidoma Antibodies Derived from SLE Patients and Normal Individuals

Hybridoma antibodies used 2an this study were produced from
fusions between the parental lymphoblastoid cell lane GM 4672, which
secretes trace amounts of IgG (0.01-0.1 wg/ml), and peripheral blood
lymphocytes 1solated from 13 SLE patients and 4 normal individuals.
Serological tests done previous to or at the time of fusion indacated
that of the 13 SLE patients, 9 had anti-DNA antibodies by a Farr RIA,
7 had lupus anticoagulant antibodies by APTT assay, and 9 had either
ant1~CL antibodies or a false positive Venereal Disease Research
Laboratory (VDRL) test (Table 1). All of the normal donors for fusion
had completely normal serology and were negative for all of these
antibodies. The hybridoma antibodies produced from these fusions were
screened for anti-dDNA, anti-platelet and lupus anticoagulant activi-
ties. The hybridoma antibody reactivities often did not reflect the
donor’'s serology, as positive hybridoma antibodies were obtained from
both SLE and normal donors who were serologically negative (Table 1),
All of the hybridoma antibodies used 1in this study were IgM, with the
exception of 9702, which was an IgG. The average immunoglobulin
concentrations 1in the hybridoma supernatants were 10-20 wg/ml for

9702 IgG, and 2.0-10.0 ug/ml for the IgM-secreting hybridomas.
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Legend to Table 1

This number represents the total number of clones analyzed 1in the
present study and not the total number of clones derived from each
fusion., All hybridoma clones in this table secreted IgM, with the
exception of 9702 (derived from fusion 97), which secreted IgG.

Activities shown are binding to dDNA by RIA, binding to fixed
platelets by ELISA, and lupus anticoagulant (LA) activity by APTT

assay.

Patients with anti-DNA antibodies 1n their serum, as measured by a
Farr RIA,

Patients with lupus anticoagulant antibodies in their plasma, as
detected by an APTT assay.

Patients with serum anti-CL antibodies or a false positaive VDRL
test.

This patient had a low platelet count at the time of fusion. Anti-
platelet antibodies were not measured in the serum of any of the

patients.

‘s
i
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Table 1. Activities of Human Hybridoma Antihodies from SLE

Patients and Normal Individuals

Fusion Donors Total Clones with activities® Specificaty
Code # (Age/Sex) Clones® DNA Platelet LA Mono Poly None
SLE

1 23/F° 2 2 2 0 0 2 0
6 26/pc-= 1 1 1 0 0 1 0
8 38/Fd-= 1 0 0 0 0 0 1
11 44/Fc e 2D 0 0 2 2 0 0
12 26/F<-= 4 2 2 2 1 2 1
13 3§/Fv-d.= 1 1 1 1 0 1 0
14 36/M 4 2 2 2 2 2 0
15 53/F4-= 1 0 0 0 0 0 1
26 2 /M=t 1 1 0 1 0 1 0
92 29/pc-=.¢ 1 1 1 1 ] 1 0
95 69/F< 2 1 1 1 0 2 )
96 56/Fd-= 3 1 0 2 1 1 1
97 40/Fs-te 6 J 3 4 2 3 1
Total 13 29 15 13 16 8 16 5
Normal
40 31/F | 1 1 1 0 1 0
100 27/F 9 0 0 0 0 0 9
Bl JO/M 9 8 8 0 0 8 1
B6 29/M | 0 0 0 0 0 1
Total 4 20 9 9 1 0 9 11
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Solid phase immunoassays were employed to test the reactivities
of hybridoma antibodies with dDNA and platelets and the APTT assay
was used to identify hybridoma lupus anticoagulant antibodies, Faive
known actavities were used as negative controls. Table 1 shows the
origin and dastribution of the hybridoma antibodies analyzed. Among
29 SLE-deraived hybridoma antibodies, 15 antibodies with dDNA-binding
activaty were deraived from 10 patients, 13 antibodies with platelet-
binding activaity were from 8 patients and 16 antibodies with lupus
anticoagulant activity were from 9 patients. Among 20 noimal-derived
antibodies, 9 antibodies derived from 2 donors bound to both dDNA and
platelets, while only one of these antibodies had lupus anticoagulant
activity.

An antibody showing reactivity 1n only one of the assays for
anti1-dDNA, anti-platelet, and lupus anticoagulant activity was
defined as monospecific, while an antibody positive for more than one
of these activities was defined as polyspecific. Eight (33.3%) ot the
24 SLE-derived hybridoma antibodies with known activities were
monospecific and 16 (66.7%) of them were polyspecific, Five of the 29
SLE-derived antibodies had no reactivity. In contrast, none of the
normal-derived antibodies were monospecific. All 9 (1007%) of the
normal-derived antibodies with known reactivity were polyspecific and
were reactive with both dDNA and platelets, while 11 antibodies had
no known activity, These results indicate that although polyspecafic
hybridoma antibodies can be produced from both normal donors and SLE
patients, the frequency of monospecific and lupus anticoagulant

antibodies in the total number of active antibodies was much higher



95
among antibodies derived from SLE patients than from normal
individuals. In contrast, the frequency of polyspecific antibodies
was higher 1in normal-derived antibodies.

Polyspecific antibodies which were positive for both anti-dDNA
and anti-platelet assays were tested for their phospholipid-binding
properties. Table 2 summarizes the reactivities of 12 representative
SLE and normal-derived polyspecific platelet-binding antibodies and
shows that there were significantliy different patterns of reactivity
hetween the polyspecific antibodies derived from SLE patients and
normal 1ndividuals. Since 8 of the 9 normal-derived polyspecific
antibodies were derived from 1 donor and showed very similar banding
reactivities, three representative antibodies (4003, B122 and B135)
derived from 2 donors are shown in Table 2, These 3 antibodies showed
strongly positive reactions to all phospholipids tested 1n solad
phase i1mmunoassays. However, these three antibodies did not baind to
control antigens, which included bovine serum albumin, gelatin, and
Tween 20 blocked polystyrene wells or tubes. In contrast, the 9
polyspecific antibodies from 7 SLE patients demonstrated diverse
reactivities to the different antigens, with the exception of
antibody 103, which reacted strongly with all of the phospholapads
tested. Furthermore, lupus anticoagulant activity was found in only 1
of the 3 normal-derived antibodies compared with 7 of 9 of the SLE-

derived antibodies.
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Legend to Table 2

HyAb = hybridoma antibody, designated by its code number. The IgM
concentrations of these supernatants ranged between 2.0 to 10.0
vg/ml,

A positive value for dDNA binding was greater than 750 cpm (see
Materials and Methods).

Positive ELL1SA values were defined as follows: greater than 0.08
0D,,0 units for anti-platelet, greater than or equal to 0.12 OD.i0
units for anti-PE, and greater than or equal to 0.10 0D,,0 tnits
for anti-CL, anti-PS, anti-PG, anti~-PI, and anti-PC,

A posiative APTT was defined as greater than or equal to 66.0 sec,
Values for RIA and ELISA results represent the means calculated

from 4 to 6 repeated assays on duplicate samples, Positive values
for all assays are indicated in bold print.




97

Table 2. Activities of 12 Representative Polyspecific Hybridoma

Autoantibodies from SLE Patients and Normal Donors

HyAh=» Anti- Anti- Anti-Phospholipid ELISA APTTA
dDNA Platelet (ODz.lo)c
Ri1A® EL1SA“
(cpm) (0D43q) CL PE pPS PG P1 PC

SLE-Der1ved:

4200 11711-  0.60 0.13 1.1t 0.05 0.06 0.04 0,02 +
1305 2186 1.74 1.00 1.96 0.03 0.51 0.2 1.04 +
4700 2004 0.09 0.05 0.84 O 0.02 0.02 0.01 +
4703 5932 0.95 0.40 0.90 0.46 0.05 0.20 1.21 +
103 2884 0.96 1.93 1.98 1.86 1.23 1.54 1.23 -
600 2664 0.10 0.04 0,18 v.03 0,03 0.03 0.04 +
1206 13449 0.50 0.13 1.99 0.02 0.03 0.05 0.0l +
1400 11276 0.47 0.19 0.30 0.02 0.04 0.02 0 -
1407 11425 0.53 1.25 1.96 0.47 0.03 0.10 0.01 +

400) 5206 0.44 1.81 1.91 1.71 1.56 0.75 0,50 +
122 10589 0.87 1.32 1.62 1.73 1.08 0.32 0.60 -

BI3b 6071 1.19 1.11 1.78 1.90 1.55 0.36 0.58 -
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Statistical Comparison of the Reactivitier of Hybridoma Antibodies

Derived from SLE Patients and Normal [ndividuals

When the hybridoma antibodies were grouped according to their
origin from SLE patients or healthy normal donors, statistical
analyses revealed an interesting pattern. Figure 1 shows the dot
plots for the currelation of ant1-dDNA actavity with platelet-bindiny
activaty for SLE and normal-derived hybridoma antibodies. There was a
striking difference between the SLE-derived and normal-derived
antibodies. SLE-derived antibodies showed no correlation between
these two reactivities (r = 0,35, p > 0.05), while normal-derived
antibodies demonstrated a highly significant positive correlation
(r = 0.89, p < 0,001), This finding, taken together with the data
shown 1n Table 2, suggest that the reactivities of normal and SLE-
derived hybridoma antibodies with platelets differ and may be due to
binding to different epitopes, where an epitope 1s defined as au
antigenic determinant,

Statastical analyses of the relationships between anti1-dDNA and
anti-phospholipid reactivities were done to further analycze the
differences and similarities between SLE and normal-derived hybridoma
antibodies (Table 3). As sufficient supernatant was not available for
simultaneous testing of the antibodies 1in all of the phospholipid
binding assays, the sample numbers varied for different assays. For
the normal-derived hybridoma antibodies, dDNA binding activity was
strongly correlated with reactivity to platelets (r = 0.39, p -
0.001), PI (r = 0.69, p < 0.01), PG (r =0.81, p < 0.01), PC (r =

0.84, p < 0.001), PS (r = 0.92, p < 0.,001), CL (r = 0.30, p ~ 0.001)
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Fipure 1. Correlation ot Anti-dDNA Reactivity with Anti-Platelet
Reactivity of Hybridoma Autocantibodies Derived from SLE

Patients and Normal Individuals

For SLE-derived antibodies, there was no correlation of anti-
dDNA reactivity with anti-platelet reactivity, while normal-derived
antibodies showed a strong positive correlation of these two
reactivities, Bach value on the dot plot represents the mean of
duplicate  samples repeated 1n 4 separate immunoassays, n = total
number ot hybiridoma antibodies tested., r = Pearson's correlation

coefticient,
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In contrast, the antibodies derived from SLE patients showed uo
correlation of anti-dDNA reactivity with anti-platelet (r = 0.3517, p
> 0,05), anti-PI (r =0.0238, p > 0.10), anta-PG (1 0.0259, p ~
0.10), anti-PC (r = 0,0622, p > 0.10), ant1-PS (r = 0.1400, p > 0.10)
and anti-CL (r = 0,3292, p > 0.05) reactivaties (Tabie 3 and Figure
2A). The only positive correlation among the SLE-derived hyhyidoma
antaibodies was found between anti—-dDNA and ant1-PF reactivities (i
0.6163, p < 0.001) and for this correlation, there was tittle
difference between SLE-deyived and normal-der 1ved hiyby tdoma
antibodies (Figure 2B). These data indicate that most antibodies trom
normal donors showed either positive or negative reactions to all ot
the antigens tested 1n solid phase 1mmunoassay systems, while nost
antibodies from SLE patients showed more vestricted specificuty to
these antigens.

There were less significant differences seen between the normal
and SLE~-derived antibodies in correlations of anti-platelet
reactivity with anti-phospholipad reactavities. Although the normal-
derived antibodaies showed consistently higher correlation
coefficients (Table 4), both groups of antibodies had signiticant
positive correlations for all of the phospholipids tested., However,
correlation coefficients above 0.7 were observed only ftor ant)-
platelet and anti-CL, anti-PE, and anti-PC for the SLE-derived
antibodies and for anti-PS, anti-PG, anti-CL, anti-PE, and anti-pPC

for the normal-derived antibodies.
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Table 3, Correlation of Anti-dDNA Reactivity with Anti-Platelet
and Anti-Phospholipid Reactivities of Hybridoma Antibodies

Derived from SLE Patients and Normal Individuals

Correlation of Correlation Coefficient (r)=

Ant1 dDNA

Activity with: Antibodies from SLE Antibodies from Normals
Anti1~-Platelet n=29, r=0.35, p>0.05 n=14, r=0,89, p<0.001
Anti-PI n=25, r=0.02, p>0.10 n=8, r=0.69, p<0.01
Ant1-PG n=27, r=0.03, p>0.10 n=7, r=0.81, p<0.01
Ant1-PC n=26, r=0.06, p>0.10 n=11, r=0.84, p<0.001
Anti-PS n=27, r=0.14, p>0.10 n=3, r=0,92, p<0.001
Anti1-CL n=29, r=0.33, p>0.05 n=20, r=0,80, p<0.001
Ant1-PE n=28, r=0.62, p<0.001 n=18, r=0.86, p<0,001

Pearson's correlation coefficients (r) were determined from the
numerical data obtained 1n repeated assays (part of which is shown
n  Table 2), and not based on the assignment of positive or
negative assay results. The n represents the number of individual
antibodies 1n the particular category indicated.
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Figure 2. Correlation of Anti-dDNA Reactivaity with Anti-Cardirolipin
(panel A) and Anti-Phosphatidylethanolamine (panel B)
Reactivities of Hybridoma Autoantibodies Derived from SLE

Patients and Normal Individuals

For SLE-derived antibodies, there was no correlation of auti-dDNA
with anta-CL. reactivity, but there was a significant positive
correlation between anti-dDNA and anti1-PE reactivities, Normal-
derived antibodies showed a strong positive correlation of anti=dDNA
reactivity waith both anti-CL and anti~PE reactivities, Each value ou
the dot plot represents the mean of duplicate samples repeated 1n 4
separate 1mmunoassays. n = total number of hybridoma antihodies
tested. r = Pearson's correlation coefficient,
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Figure 2A
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Table 4. Correlation of Anti-Platelet Reactivity with Anta-
Phospholipid Reactivities of Hybradoma Antibodaies

Derived from SLE Patients and Normal Individuals

Correlation of Correlation Coefficient (r)*
Anti-Platelet

Activity with: Antibodies from SLE Antibodies from Normals
Anti-PS n=27, r=0.45, p<0.05 n=9, r=0.93, p<0.001
Anti-PI n=25, r=0.47, p<0.02 n=8, r=0.62, p<0.05
Anti-PG n=27, r=0,58, p<0.001 n=7, r=0,87, p<0.001
Anti-CL n=29, r=0.71, p<0,001 n=15, r=0.80, p<0.001
Anti-PE n=28, r=0,78, p<0.001 n=15, r=0,90, p<0.001l
Anti-PC n=27, r=0,81, p<0.001 n=10, r=0.94, p<0.00!

a pearson's correlation coefficients (r) were determined from the
numerical data obtained in repeated assays (part of which 1s shown
in Table 2), and not based on the assignment of positive or
negative assay results, The n represents the number of indavidual
antibodies in the particular category indicated,
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Identafication of Platelet Protein Binding Specificities of Human

Hybridoma Antibodies by SDS PAGE and Western Blotting

In order to characterize the epitopes responsible for the
binding of normal and SLE-~derived hybridoma antibodies to platelets,
antibody binding to platelet proteins separated by SDS PAGE was
analyzed by the Western blotting technique. Figure 3 shows an
immunoblot of whole platelet proteins with some representative
platelet-binding and non-platelet-binding SLE and normal-derived
hybridoma antibodies. The two groups of hybridoma antibodies showed
very different patterns of reactavity, Straips incubated with SLE or
normal-derived nonplatelet-banding hybridoma antabodies (B109, B110,
Bill, B3700, and B3123) did not show any reactivity with platelet
proteins. In some of the negative control strips (B3700, B3123, 9702,
GM 4672, and caseln blocked control), faint bands with mobilities of
v (M.W. 70,000 or T (M.W. 50,000) heavy chains were caused by
reactavity ot platelet-bound 1immunoglobulin with the peroxidase-
conjugated ant1-i1mmunoglobulin antibodies. Platelet-binding hybridoma
antibodies from both SLE and normal donors bound to a protein of
M.W., 45,000, which had the same mobality as actin (e.g. B122, 9200,
9500, 9706 and 1206), or to several protein bands with relatave
mobrlities between 65,000 and 90,000 M.W. (B105, B122, B135, 9200,
9500, 9706 and 1407). However, the 4 normal-derived polyspecific
platelet-binding hybridoma antibodies (4003, B105, B122 and B135)
also bound to casein blocked nmitrocellulose membrane, producing very
high background binding, and did not show unique reactivity with any

platelet cowponent., In contrast to the normal-derived antibodies,




106

Figure 3. Immunoblot cf Platelet Proteins with Hybridoma Antaibodies Derived from SLE and Normal

Individuals

Normal-derived platelet-binding antibodies showed high nonspecifac background binding to casein
blocked nitrocellulose membrane, with some binding to several common protein bands. SLE-derived
platelet-binding antibodies showed reactivity to various different platelet proteins, as well as
binding to some proteins in common with the normal-derived antibodies. An SLE-derived platelet-
binding antibody (103-4) with similar polyspecific reactivities to the normal-derived polyspecific
antibodies 1n solid phase 1mrunoassays showed neither nonspecific binding nor specific reactivity by
Western blotting.

From left to right, Lane 1: M.W. standards; Lane 2: whole platelet proteins; Lane 3: caseln
blocked control strip incubated with peroxidase-conjugated anti-human IgM; Lanes 4-6: normal-
derived. nonplatelet-binding hybridoma IgM antibodies B103, Bi10 and Bl1ll; Lanes 7-10: normal-
derived, platelet-binding hybridoma IgM antibodies 4003, BI105, B122 and B135; Lanes 11-21: SLE-
derived platelet-binding hybridoma IgM antibodies 9200, 9500, 9502, 9604, 9700, 9703, 9706, 1206,
1305, 1407 and 103-4; Lanes 22-23: SLE-derived nonplatelet-binding hybridoma IgM antibodies B3700
and B3123; Lane 24: SLE-derived nonplatelet-binding hybradoma IgG antibody 9702; Lane 25: GM 4672 IgG
control; Lane 26: casein blocked control strip incubated with peroxidase anti-huran IgG.
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several SLE-derived platelet-binding antibodies reacted with umque
protein bands. One very clear example was antibody 9604, which bound
to platelet proteins of approximately 200,000 and 32,000 M.W., found
1n 1solated platelet membranes (data not shown) as well as 1n whole
platelet lysates (Figure 3V, One SLE-derived polvspecitic antibody,
103-4, which showed an 1identical pattern of reactivity to the 4
normal-derived polyspecific antibodies in solid phase immumoassays on
8 different antigens (Table 2) showed low background binding (in
contrast to the normal-derived antibodies) and did not bind to any
platelet proteins on the blot. These results demonstrate that SLE-
derived polyspecific hybridoma platelet-bindiug autibodies showed
more specific reactavity than simmilar normal-derived antibodies on
Western blots of platelet proteins.

Cytotoxicity of Human Hybridoma Autoantibodies

Cytotoxicity studies, using a chromum—-51 release assay, were
used to compare the functional effects ot hybridoma antibodies
derived from SLE patients and normal individuals. Platelets were used
as the specific target cells and lymphocytes as control target cells,
Figure 4 shows the cytotoxicity of hybridoma culture supernatants
from SLE and normal-derived clones. In these experiments, hybridoma
cells were grown in hypoxanthine-thymidine (HT) medium to avoid the
high background lysas caused by aminopterin in the supernatants, All
SLE and normal-derived hybridoma supernatants used 1n thie assay
contained between 2.0 and 10.0 wg/ml of IgM hybridoma antibody. Five
of 9 SLE-derived hybridoma supernatants (9604, 9703, 3703-5, 9705 and

1109) caused 1increased 2%Cr vrelease (19,3-32.47) from platelets,
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Figmie 4. Cvtotoxic Effects of SLE-Derived and Normal-Derived

liybridoma Culture Supcrnatants on Platelets (Top Panel) and

Lvinphocytes (Bottom Panel)

All hybridomas used 1n this study were IgM—secreting clones,
Five of the nine Sl.E-deraved antibodies caused increased *Cr release
from platelets but had little or no effect on lymphocytes, while none
ot the normal-derived antibodies were cytotoxic to either of these
cells. Representative results of repeated assays 1in  which
supernatants were tested in quadruplicate are shown. The columns show
the meau pevcentage of chromium-5] released from the target cells
(platelets o1 lvmphocytes). Error bars show the SD of quadruplicate
samples within one 1ndividual assay (1.e. internal variation). The
negative cut-oft values were calculated from the mean plus 2 SD of
three negdative controls (spontaneous release, HT medium and GM 4672
supernatant) un 1n each assay and are represented by dotted lines,
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while 4 of these were only slightly cytotoxic (6.2-7.6%) to
lymphocytes. In contrast, all of the normal-derived hybridoma
supernatants tested, including those which contained platelet-binding
antibodies by ELISA, were not cvtotoxic to either platelets o1
lymphocytes. To confirm that the cytotoxicity of the SLE-deraived
antibodies was due to the antibodies rather than (o a nonspecitic
effect of the supernatants, affinity-purified hybridoma antibodies
were used 1n further experiments shown in Table 5. In these studies,
the values of ®'Cr release for the negative controls (mean 7.8%)
were much lower than in the supernatant studies (mean 12.8%). All
8 affinity-purafied SLE~-derived platelet-banding hybridoma
antibodies, ncluding antibodies 9703 and 9604 which were positive in
supernatant form (Figure 4), showed cytotoxicity {(14.7-21.07 yelease)
to platelets. Five (1104, 1109, 1311, 9702 and 9603) ot the KB non-
platelet-binding SLE-derived antibodies were also cytotoxic to
platelets, and 4 of these 5 antibodies had Jupus anticoagulant
activity, However, one lupus anticoagulant antibody, 9705, which was
cytotoxic as a culture supernatant, lost this activity an 1ts
affinity-purified form. Using a Fisher's exact test, no statistically
significant association was found bhetween platelet cytotoxicity and
either lupus anticoagulant or ant1-CL actavity (Table 2). In contrast
to the positive cytotoxic results of the SLE~derived antibodies, noune
of the affinity-purified normal-derived platelet-binding antibodies,
including antibodies 4003, Bl122-2, and bB105 which were styongly
reactive to platelets i1n a solid phase 1mmunoassay, had cytotoxic

effects on platelets. These results demonstrate that the SLE-derived
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Legend to Table 5

= The values shown are the means of quadruplicate samples, plus or

minus 1 SD, Al} samples were assayed at 5 ug/ml, as determined by

RIA tor IgM or 1g6.
" Hybridoma 9703-5 1s 4 subcloue of hybridoma 9703.

“ The cul-ott value was the mean + 2 SD (7,81 + 0,66, or 8.47) of the
4 unepatwve controls shown (S.R., PBS—-A, GM 4672 and HIgM).

' S.R. imndicates  spontancous S'Cr release from platelets 1n the
absence ot complement ,

T HIgM was pooled normal human IgM,

Y MCA 167, a commercial monoclonal anti-platelet antibody (see
Methods), served as positive control.,




Table 5. Cytotoxic Effects of SLE-Derived and Normal-Detived

Affinity-Purified Hybridoma Antibodies on Platelets

Non-Platelet S1Cr-Release Platelet *1Cr-Release
Binding (%)= Bindiug (AR

SLE-Derived Antibod.ies:

B3123 8§.33 + 0.02 9200 14,69 ¢ 0,02
B3700 6.96 ¢ 0.91 9500 18,83 ¢ 1.16
9705 8.21 £ 0.01 9502 18.59 ¢ 2,05
1104 13.90 *+ 0.09 9604 19.57 £ 1.70
1109 11.18 ¢+ 0.07 Y700 21,02 ¢ 0,08
1311 9.84 ¢ 1.12 9703 19.40 ¢ 0.05
9702 24.66 £ 1.02 9703-5% 19.65 ¢ 1,14
9603 8.54 ¢+ 1.05 9706 18,17 ¢+ 3.8
Mean 11.45 Mean 18.74
Normal-Derived Antibodies:

B109 7.58 *+ 0.04 B122-2 7.88 £ 0.07
B110O 7.87 £ 0.03 B105 8.21 ¢+ 0,04
Blil 8§.08 £ 0.03 4003 .16 + 0.0}
Mean 7.84 Mcan s.11
Negative and Positive Controls©:

S.R.9 8.0b t 0.03 HlgM® 7.36 £ 0.04
PBS-A buffer 7.91 2 0.03 MCA 1677 19.44 ¢ 0,04
cM4672 1gG 7.52 ¢+ 0.04
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antihodies had potent cytolytic effects on platelets, while the
normal-~derived antibodies were unable to cause significant platelet

lysis.

DISCUSSION

The present study was designed to 1nvestigate whether platelet-
binding antiabodies derived from SLE patients differ from those
derived from normal 1ndividuals. We addressed this question using
human hybridoma antibodies produced from peripheral blood lymphocytes
of SLE patients and normal individuals which were analyzed for anti-
platelet, ant1-dDNA. and lupus anticoagulant activities and were
def ined as either monospecific, polyspecific, or nonreactive
antibodies., One of the major technical difficulties i1n comparing SLE-
derived and normal-derived antibodies 1s the difference in the
numbers of clones and reactive antibodies produced by fusions of
peripheral blood lymphocytes from these donors. In the present study,
24 SLE-derived antibodies with known activities were found from 11 of
13 donors, while 9 normal-derived hybridoma antibodies with known
activities were derived from only 2 donors. In many fusions using
normal-derived Ilymphocytes, few or no clones secretirg antibodies
with activities were obtained (19 of 23 fusions using SLE lymphocytes
produced hybridoma clones, while only 7 of 19 fusions using normal
lymphocytes produced hybridoma clones and 4 of these produced only 1
clone per fusion). Thus, selection of the hybridoma antibodies
analyzed 1in the present study was based both upon the availability of

hybridoma supernatants and an attempt at representation of several
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different fusion donors, As most normal-derived antibodies did not
show any reactivity to the antigens tested, there were far more
negative antibodies 1n this group than in the SLE-deraived group. The
above selection process could certainly create a bias which 1is
difficult to avoid unless all hybridoma antibodies obtained were to
be analyzed.

As the majority of platelet-banding hybridoma antibodies weie
polyspecific, regardless of their origin from SLE patient or normal
individual, we evaluated whether these polyspecific platelet-binding
antibodies bound to the same or different epitopes by solid phase
immunoassays on dDNA and phospholapids, and by Western blotting
analysis on whole platelet proteins. The results of the solid phase
1mmunoassays (RIA and ELISA) demonstrated that the polyspecafic
platelet-binding ancibodies from normal donors bound to all antizens
tested, while most polyspecific platelet-binding antibodies from SLE
patients, with the exception of antibody 103-4, showed diverse
reactivities to dDNA and various phospholipids. This finding was
further supported by a statistical analysis of the binding
reactivities of SLE-derived and normal-derived antibodies, Strong
positive correlations of dDNA binding activity with anti-platelet and
anti-phospholipid reactivities were found for the hybridoma
antibodies deraived from normal individuals, while no correlations of
these reactions were found for the SLE-derived antibodies, with tLhe
exception of a correlation of anti-DNA with anti-PE reactivity., These
data imply that antibodies from normal donors show either positive or

negative reactions to all autoantigens tested 1n solid phase
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mmunoassay systems, with positive reactivity apparently due to a
polyspecific type of interaction. The binding did not appear to be
nonspecific, as these antibodies did not bind to bovine serum
albumin, gelatin or Tween 20 coated tubes or plates, In contrast,
most antibodies from SLE patients showed more restricted specificity
to the antigens tested. These results were confirmed by Western
blotting analysis, in which polyspecific antibadies from normal
lndividvals did not bind to unigque protein bands, but often showed
high nonspecific backgrounds with no distinct bands (e.g. 4003) or
reactivity to a series of common bands (e.g. B105, B122 and B135),
also detected by some of the SLE~derived antibodies. In contrast,
SLE-derived antibodies exhibited several different patterns of
reactavity and some antibodies (e,g. 9604) recognized unique platelet
proteins. In an attempt to i1dentify the protein(s) bound by antibody
9604, various antibodies and lectins with defined specificities were
used to probe the blots. No corresponding reactivity was found with
monoclonal antibodies against GPIb, GPIIb and GPIIIa; monoclonal
antibodies against cytoskeletal proteins; polyclonal antibody against
human factor VIII, a high molecular weight glycoprotein present in
platelet granules; and concanavalin A and wheat germ agglutinin,
which bind to different platelet membrane glycoproteins (data not
shown) .,

Another important difference between the SLE and normal-derived
antibodies was revealed in their functional cytotoxic activity., All
SLE-derived platelet-binding antibodies were cytotoxic to platelets

in vitro. In addition, several SLE-derived antibodies which did not




Lo

116

bind to platelets by ELISA or Western blotting analysis, but whach
had lupus anticoagulant activity, were also cytotoxic to platelets,
Platelet cytotoxacity did not show a statistically sagnificant
association with lupus anticoagulant activity among the 16 affinity-
purified antibodies analyzed, but this may have been due to the small
number of lupus anticoagulant negative and platelet cytotoxic
negative antibodies analyzed, In contrast to the SLE-derived
antibodies, none of the affinity-purified normal-derived hybridoma
antibodies, including those with strong polyspecific and platelet-
binding properties, were cytotoxic to platelets. These 1esults
demonstrate that while the SLE-derived antibodies had potent cyto-
lytic effects specific for platelets, normal-derived antibodies were
unable to cause significant platelet lysis. Moreover, there was a
vast discrepancy between the reactivity of normal-derived "autoanti-
bodies" in solid phase assay systems and 1in the 1in vitro cytolytic
assay and APTT assay, suggesting that the latter functional assays
may be rore realistic measures of potential activities in vaivo,

Polyspecificity to several different antigens 1s characteristic
of both SLE and normal-derived hybridoma autoantibodies®-®:9-1%.16-
21 Monoclonal hybridoma lupus anti-DNA autoantibudies have heen
reported to band to cytoskeletal proteins!“-2!, platelets®?:18.23  g5q
antigen!?”, various polynucleotides and phospholipids??-12:29  4nd
polypeptides on cell membranes'®, Several laboratories, including our
own, have also demonstrated that human hybridomas derived from normal
donors can produce anti-DNA antibodies, many of wWwhich show

polyspecificity®-11.21.23, In addition, antibodies with
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autoreactivity have been reported in sera of normal mice and humans,
suggesting that individuals without apparent autoimmune disease have
B cells which can be activated to secrete autoantibodies®—8, The
apparent similarities of some polyspecific antabodies derived from
normal individuals and SLE patients suggest that immunoglobulin genes
encoding autoantidodiles exist 1in normal individuals®-2-11.23.22.29,
This, however, requires an explanation of why autoimmune individuals
produce highly specific and pathogenic autoantibodies, while normal
indiviaduals do not.

Antibodies defined as '"polyspecific'" by their ability to react
with more than one antigen 1in solid phase immunoassays and lupus
anticoagulant assays were produced from both patients with SLE and
normal i1ndividuals. Although 1t 1s premature to draw conclusions,
because of the relatively small number of antibodies analyzed from
normal 1indivaduals, our results show that most polyspecific
autoantibodies produced by SLE patients exhibited more restricted
antigen specifi-~ city than antibodies deraved from normal
individuals. Moreover, SLE-derived autoantibodies exhibited
functional activity 1in 1n vitro assays for lupus anticoagulant
activity and platelet cytotoxicity, while antibodies from normal
donors had little or no effect 1in these 1n vitro systems. Anti-
phospholipid and 1lupus anticoagulant antibo- dies have been shown to
be associated with thrombosis, thrombocyto- penia, and multaple
spontaneous abortions 1in SLE patients?®-3?, However, 1t 1s not clear
whether these hemostatic abnormalities are the result of pathogenic

mechanisms involving lupus anticoagulant, anti-phospholipid, or anti-
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platelet antibodies or whether all of these antibodies are involved,
In addition, the epitopes responsible for anti-platelet antibody
reactivity in patients with SLE remain unknown'®-22, The binding and
functional characteristics of the SLE~derived polyspecafac
autoaiilibodies suggest that these antibodies may play some role in
the hemostatic dastucbances found 1in SLE, while polyspecaific
antabodies from normal individuais may have 1little saignificance in
vivo. Although the epitopes involved 1n the platelet reactivity of
SLE-derived hybridoma antibodies remain to be defined, our results
are consistent with the hypothesis that SLE patients produce
autoantibodies with greater specificity for target autoantigens (e.z.

platelets) than normal individuals.
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CHAPTER V
A SYSTEMIC LUPUS ERYTHEMATOSUS-DERIVED HUMAN HYBRIDOMA
AUTOANTIBODY REACTIVE WITH ANTIGENS EXPRESSED p

ON ADP-ACTIVATED PLATELETS




ABSTRACT

Hematological complications seen in systemic lupus erythematosus
(SLE) patients may be caused by the binding of specific
autoantihodies to platelets, but the epitopes on platelets
responsible for antibody binding and the mechanisms by which
autoantibodies induce hemostatic abnormalities in SLE patients remain
unknown, We have previously demonstrated that both specific and
polyspecific platelet-binding antibodies are present in SLE patients.
In the present study, we have characterized an SLE-derived hybridoma
antibody, 9604, which did not bind to fixed intact platelets 1in
enzyme-~linked immunoassays (ELISA), but reacted with 1lysed, or ADP-
actavated platelets 1n ELISA and with live or fixed washed platelets
1n a radioimmunoassay. Antibody 9604 had lupus anticoagulant activaty
tn a dilute activated partial thromboplastin time assay and was
strongly cytotoxic to platelets 1n an 1n vitro 5!Cr release assay,
but did not react with phospholipids or fibrinogen by diarect binding
ELISA. By Western blotting analysis, 9604 reacted mainly with
pulypeptides of approximately 200,000 and 32,000 molecular weight
(M.W.) 1n platelets. In blots of endothelial cell proteins, 9604
reacted with a band of approximately 200,000 M.W., but no 32,000 M.W.
reactive band was observed. Based on these findings, we postulate
that antibody 9604 may bind to a protein or proteins exposed on the
platelet surface during platelet activation. Further characterization
of these proteins may prcvide insight into the mechanisms responsible
for the production and pathogenesis of anti-platelet autoantibodies

1n patients with SLE.
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INTRODUCTION

The sera of patients with systemic lupus erythematosus (SLE)
frequently contain multiple autoantaibodies, 1ncludaing antibodies to
platelets®—2, These patients often display hematological
abnormalities, including thrombosis and thrombocytopenia?-%, It has
been reported that the activation or destruction of platelets in
immune thrombocytopenia may be caused by the binding of specilic
autoantibodies to platelets, the binding of 1mmune complexes to
platelets, or an 1ncrease 1in IgG bound to platelets wvia Fc
receptors?~'®, The mechanisms which result 1n abnormal hemostasis 1u
SLE are unknown, but may 1involve any or all of the abaove three
binding interactions. A better understanding of the platelet antigens
recognized by autocantibodies present in patients with SLE might help
to clarify the mechanisms of thrombocytopenia and thrombosis in these
patients and in patients with other autoimmune diseases.

Platelets are important cells 1involved 1n the 1nitiation and
propagation of hemostasis and thrombosis. These anucleate cells
circulate in the blood 1n a resting (1inactive) form, Once they are
activated by various factors, platelets undergo a series of
morphological and functional changes which i1nclude the formation of
pseudopods and development into spherocytes, adhesion to an exposed
subendothelial or injured endothelial surface, release of grannle
contents, and aggregation and participation in the formation of o
hemostatic or thrombotic plug!!., The molecular changes oan the
platelet membrane which accompany platelet activation have been

partially characterized and may involve binding of exogenous proteins
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to the surface or exposure of endogenous antigens on the surface.
When platelets are stimulated by adenosine diphosphate (ADP),
collagen, thrombin or epinephrine, various proteins including
thrombospondin (glycoprotein G)'2, Factor V'?, Factor VIII-related
antigen (von Willebrand factor)!*®, and protein S'® are released from

platelet granules and become associated with thc membrane, Factor

XIal'®, Factor XIIIa'?, plasminogen?®, fibronectin®® and fibrinogen?®
bind specifically to activated platelet surfaces. The fibrinogen
receptor, composed of glycoproteins IIb and IIIa, 1s expressed only
on platelets activated with agents including ADP, epinephrine and
thrombin2®-22, Receptors for high molecular weight kininogen on
stimulated human platelets have also been reported2??, and studies
comparing surface structures on resting and activated platelets have
demonstrated that actin and a 149,000 M.W. a-granule protein are
newly expressed on the surface after platelet secretion in response
to thiombinZ%,

Hybridoma antibodies have been described which 1dentify
structures present on activated but not on resting platelets,
Monoclional anti-platelet antibodies, KC425-26 and S1227:28  yere
produced from mice i1mmunized with thrombin~activated washed platelets
and recognized antigens expressed on thrombin- or ADP-activated
platelets but not present on resting platelets, These antibodies were
reactive with a platelet membrane glycoprotein of 140,000 M.W,
Another murine monoclonal anti-platelet antibody bound to a 53,000
M.W. platelet granule protein found on the surface of activated

platelets?®, Saimilar reactaivity was also demonstrated by a human

o
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monoc lonal antibody derived from a patient with 1mmune
thrombocytopenia?®. However, it is not known whether autoantibodies
derived from SLE patients can distinguish between resting aud
activated platelets, although we and others have demonstrated that
some SLE-derived hybridoma antibodies bind to live and fixed
platelets®'-23, In the present study, we report the characteristices
of one such SLE~derived hybridoma autoantibody called 9604, which
bound to glutaraldehyde fixed ADP-activated platelets, but not to
fixed resting platelets. The ability of this antibedy to distinguilsh
between activated and resting platelets may provide insight nto the
mechanisms by which autoantibodies 1interfere with platelet functiou

in patients with SLE.

MATERIALS AND METHODS

Production and Purification of Human Hybridoma Autoantibodies.

Human hybridoma autoantibodies were produced from fusions of GM
4672 lymphoblastoid cells with peraipheral blood lymphocytes isolated
from patients with SLE (antabodies 9604, 9500, 9703, and B3123) or
normal 1individuals (antibodies BI110 and Bll1), as previously
descraibed®*, The SLE patients fulfilled the American Rheumatism
Association revised criteria for the classification of SLE'®. The
purification of hybridoma antibodies was performed hy affirity
chromatography using a rabbit anti~human IgM antibody conjugated to
CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Sweden) column?®,

Bound immunoglobulin was eluted from the column using 0.1 M glycine-

HC1 buffer, pH 2.3, and dialyzed against phosphate buffered saline,
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pH 7.3 (PBS).
Isolation and Activation of Platelets

Platelet-rich plasma (PRP) was prepared by centrifugation of
citrated blood (9 volume blood : 1 volume citrate) from a healthy
donor at 180 x g for 20 minutes, The PRP was diluted with an equal
volume of Tyrode's buffer without Mg++ and Ca++ containing 4 mM EDTA
(Tyrode's-EDTA) and centrifuged at 1600 x g for 15 minutes to peliet
the platelets. The isolated platelets were then washed 3 times and
resuspended 1n the same buffer.

Actavation of platelets was done 1n PRP, ADP was added to the
PRP at a final concentration of 1.0 yg/ml (2.34 uM), which was
maximum ADP concentration without inducing 1rreversible aggregation
under the present experimental conditions and was the concentration
reported previously being able to activate platelets, and gently
swirled for 2 minutes at room temperature. The activated platelets
were fixed 1mmediately after activation by adding glutaraldehyde to
the PRP or platelet suspension at a final concentration of 2.5% and
then the suspension was swirled very gently on a rotator for 30
mlnutes at room temperature, The coating and ELISA procedure were the
same as described for the platelet-binding ELISA above.
Platelet-Binding ELISA

The platelet-binding ELISA was performed following the method of
Asano et al,?? as previously described??, Fixed resting platelets
were fixed 1in PKRP, as described above, while fixed washed platelets
vere 1solated as in the platelet radioimmunoassay (RIA) procedure,

using a Percoll density gradient, as previously described3?®., 1In the
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platelet ELISA, antibody 9500, which bound to platelets both 1in ELISA
and RIA, was used as a positive control and antibodies B110 and B1ll,
which did not bind to platelets 1in either ELISA or RIA, were used as
negative controls., All negative control antibodies gave similar

results and their use in a given assay was dependent only upon

availability of these antibodies,
Platelet-Binding Radioimmunoassay

The platelet radioimmunoassay was performed as previously
described??,
Pretreatment of Intact Platelets with Enzymes

Washed i1ntact platelets were resuspended in Hank's buffer and
incubated with DNAase (Cooper Biomedical, Malvern, [A) at lmg/ml +
6.25 mM MgS0, + 5 mM CaCl,, RNAase (Cooper Biomedicdl) at lumg/ml,
phospholipase A, (Boehringer Mannheim, Dorval, Quebec) at 0.5 mg/ml +
5 mM CaCl,, phospholipase C (Cooper Biomedical) at 0.5 mg/ml + 40 mM
CaCl,, S. aureus strain V, protease (Cooper Biomedical) at 0.5 my/ml
+ 5 mM CaCl,, or trypsin (Cooper Biomedical) at 0.5 mg/ml for 45
minutes at 37°C. The platelets were then washed twice with assay
buffer and subjected to the platelet-binding assay described above.
Platelet Lysate Binding ELISA

Pellets of 108 1solated platelets were stored at -20°C, freeze-
thawed 3 times, and then resuspended in 1.0 m1 10 mM TBS buffer, pH
7.4, The suspension was sonicated 1n a bath sonicatur (Laboratory
Supplies Company Inc., Hicksville, New York) for 5 minutes to lyse
the cells completely., ELISA plates (Immulon-2, Dynatech, Chantilly,

Virginia) were coated with 100 ul of the cell lysate per well and the
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plates were incubated uncovered for 16 hours at 37°C. The rest of the
ELISA procedure was as described for the platelet-binding ELISA.

Preparation of Platelet and Endothelial Cell Proteins

SDS solubilization of whole cells: Pooled normal platelets or

umb1lical vein endothelial cells, which were prepared as described in
Chapter VI, were solubilized an SDS sample buffer (2% SDS, 10%
glycerol in 15 mM Tris-HCl buffer, pH 6.7) with or without 2-
mercaptoethanol (5%) at a concentration of 2 x 10® cells/ml for
platelets and 2 x 107 cells/ml for endothelial cells, which was the
optimal condition for electrophoretical resolution.

Preparation of platelet membrane proteins: Isolated normal

platelet pellets were frozen at -70°C and thawed and refrozen 3 times
at room temperature and sonicated for 5 minutes. The cell lysate was
centrifuged at 100,000 x g for 1 hour. The membrane pellet was washed
twice with PBS, pH 7.3 and then solubilized in SDS sample buffer with
2-mercaptoethanol at a concentration equivalent to 2 X 107 cells/ml.

Enzyme treatment of platelet preparation: Lysed platelets (3 x

10?/ml) were 1incubated with various enzymes at a final concentration
of 0.25 mwg/ml for 1 hour at 37°C and then solubilized with an equal
volume of SDS sample buffer. Enzymes used in these studies included
DNAase (Cooper Biomedical, Malvern, PA), RNAase (Cooper Biomedical),
phospholipase A, (Boehringer Mannheim, Dorval, Quebec), phospholipase
¢ (Cooper Biochemical), protease (Cooper Biomedical), proteinase K
(Cooper Biomedical) and trypsin (GIBCO, Grand Island, N.Y.).

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS PAGE)

and Western Blotting
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Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS PAGE)
and Western Blotting

Solubilized platelet or endothelial <cell ©proteins were
electrophoretically separated in an 8-12% 1linear gradient SDS
polyacrylamide gel or a 7.5%2 mini-SDS polyacrylamide gel and
electrophoretically transferred onto a 0.45 wm natrocellulose
membrane (Bio Rad, Richmond, CA) at 60 volts for 16 hours at 4°C,
Protein transfer was shown to be complete by Coomassie blue staining
of the gel following transfer. The membrane was blocked with 0.5%
casein i1n 10 mM TBS, pH 7.4 at 37°C for 1 hour and then cut 1nto
vertical strips. The strips were incubated with hybridoma antibodies
for 3 hours at 37°C, washed 6 times and further incubated with
peroxidase- labeled goat anti-human IgM (p specific) antibody (Tapo,
Burlingame, CA) diluted 1:1000 1in 0.5% casein in PBS, pH 7.4 for 1
hour at 37°C. The protein bands reactive with hybridoma antibodies
were visualized with 0,05% diaminobenzidine 1n 50 mM Tris huffer, pH
7.4, Molecular weights were calculated from linear plots of
molecular weights against relative mobilities of the high and low
molecular weight standards run on each gel.
Electroelution of Platelet Proteins from SDS Polyacrylamide Gel

Platelet proteins were separated by SDS PAGE. Gel bands with
mobilities of M.W. 200,000 and 32,000 (1.e. those bands with which
antibody 9604 was reactive) were cut and sliced 1into 0.5x0.5 cm?
pieces. The gel slices were placed 1into glass tuhbes of an electroeju-
tor (B1o Rad, Richmond, CA) and the proteins were electroeluted from

the gel at 10 milliamps per tube for ]} hours at room tempera- ture,
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The electroeluted material was collected and dialyzed against PBS, pH
7.3 for 24 hours at 25°C with 2 changes and then concentrated using
Centricon 30 concentrating units (Amicon, Danvers, Massachusetts).
Glycoprotein Staining of SDS Gel
Glycoproteins vere stained with fuchsin-sulphite reagent
following the procedure of Zacharius et al®7,

1soelectric Pocusing (IEF)

Monoclonal myeloma IgM, Bor, was kindly provided by Dr. Marianna
Newkirk. Polyclonal human IgM was purchased from Cappel (West
Chester, PA)., The IEF was performed wusing a modification of the
method of Gibson et al.*®, as previously described?®®., Briefly,
affinity-purified hybridoma IgM was 1ncubated with 10 mM
dithiothreitol for 60 minutes at 25°C and then with 20 mM
1odoacetamide for another 10 minutes at 25°C. The samples were
dialyzed and concentrated 1in the presence of 1% glycerol in Centricon
JO concentrating units and electrophoresed 1n a urea-formate gel at
120 volts, 50 mAmps and 10 watts for 17 hours at 10°C. The gel bands
containing the light chains were cut out of the gel, placed on the
anode side of an IEF gel containing 2 M urea and pH 3.5-10.0
ampholines (LKB, Brevete, Sweden), and IEF was performed at a maximum
current of 250 mAmps, constant power of 8 watts, and maximum voltage
of 1200 volts at 4°C until 20 minutes after the voltage reached 1200
volts, The gel was fixed with 12.5% trichloroacetic acad and 4%

sulfosalacylic acaid and stained with Coomasie blue,
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RESULTS
Binding and Functional Activities of Antibody 9604

The binding and functional characteristics of antabody 9604 are
summarized in Table 1. Using solid phase immunoassays, antibody 9604
was shown to bind to dDNA 1in a RIA, but did not bind to any of the
phospholipids tested nor to fibrinogen by ELISA. Antibody 9604 also
had lupus anticoagulant antibody activity in a dilute APTT assay and
was strongly cytotoxic to platelets in vitro*°.

Reactivity of Hybridoma Antibody 9604 with Intact Resting and
Activated Platelets

Table 2 compares the direct binding reactivities of hybriduma
antibody 9604 with fixed resting and fixed washed platelets 1n both
the ELISA and RIA, In the ELISA, antibody 9604 did not bind to
glutaraldehyde fixed resting platelets, but bound to fixed washed
platelets and to platelet lysate. In the RIA, antibody 9604 hound to
fixed resting platelets, but binding was significantly higher to
fixed or unfixed washed platelets. In both assays, positive control
antibody 9500 and negative control antibody Bl110 showed similar
reactivities, regardless of whether platelets were resting, washed,
or fixed,

In further experiments, antibody 9604 was tested for binding to
normal resting platelets and platelets activated with ADP. As shown
in Table 3, both hybridoma culture supernatant from %604 cells and
affinity-purified 9604 IgM bound to platelets activated with 1 ug/ml
ADP (2.34 uM) and fixed with glutaraldehyde 1n plasma, but did not

bind to fixed resting platelets, while positive and negative control




Table 1. General Characteristics of Antibody 9604
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Actaivities Tested

Reaction

Anti1-dDNA

Anti-Cardiolapin
Anti1-~Phosphatidic Acad
Anti1-Phosphatidylcholine
Anti1-Phosphatidylethanolamine
Anti1-Phosphatadylglycerol
Anti1-Phosphatidylinosatol
Anti1-Phosphatidylserine
Ant1-Fibrinogen

Lupus Anticoagulant

Platelet Cytotoxicity
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Table 2, Binding of Hybridoma Antibody 9604 to Live and Fixed

Platelets in the ELISA and Radioimmunoassay

Platelet Binding Reactivities of

Platelet Preparation Hybridoma Antaibody

9604 9500~ B110=
ELISA®
Fixed Resting Platelets 0.08 : 0.02 0.58 ¢+ 0.0] 0.07 £ 0.02

Fixed Washed Platelets 0.17 ¢ 0.01%% 0.64 + 0.08 0.02 ¢+ 0.02

Platelet Lysate 0.65 * 0.42 0.62 ¢ 0.12 0.01 £ 0,02
Radioimmunoassay*©

Fixed Resting Platelets 13,756 15,007 1,697
Fixed Washed Platelets 20,286 17,166 2,818
Unfixed Washed Platelets 21,169 14,257 1,150
2 9500 1s a platelet-binding hybridoma 1IgM antibody, r1un as a

positive control; and BI110 1s a nonplatelet-bainding hybridoma IpgM
antibody, run as a negative control, respectively.

Values represent means o0f 0D, o values 1n the platelet-binding
ELISA plus or minus 2 SE, calculated from duplicate wells run an 2
separate assays. A binding value of 0D,;0 2 0.08 was considered Lo
be positive,

Values represent the mean cpm bound to platelets plus or minus 2
SE, calculated from duplicate tubes run 1n 2 separate assays. A
binding value > 3000 cpm was considered to he positive.
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Table 3, Comparison of the Binding of Hybridoma Antibody

9604 to Resting and ADP-Activated Platelets

Hybridoma Resting ADP-Activated

Antibody Platelets Platelets

Supernatants

9604 0.01 *£ 0.03* 0.29 £ 0,18
9500*® 0.58 ¢+ 0.25 0.42 * 0,18
B110® 0 0

IgM (5 ug/ml)<

93604 0.05 *0.02 0.32 £ 0.14

i+

B110 0.01 + 0,02 0

Values represent the mean O0D,;0o readings plus or minus 2 SE,
calculated from assays done 1in duplicate and repeated 7 times for
9604 supernatant and 4 times for 9604 IgM.

9500 1s a platelet-binding hybradoma IgM antibody, run as a
positive control; and Bl110 1s a nonplatelet-binding hybraidoma IgM
antibody, run as a negative control.

Hybridoma IgM was purified by affinity-chromatography (see
Methods) and tested at an IgM concentration of 5 ug/ml.
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antibodies, 9500 and B110, showed consistent results on fixed resting
and activated platelets. As shown 1in Figure 1, the binding of
affinity-purified 9604 IgM to fixed ADP-activated platelets increased
in a dose-dependent manner,

Binding of Antibody 9604 to Platelet Proteins by Western Blotting
Analysis

The reactavity of antibody 9604 with platelet proteins was
analyzed by Western blotting and endothelial cell proteins were used
as a control to determine whether the reactivity of 9604 was
restricted tc platelets. As shown 1n Figure 2A, when whole platelet
proteins were solubilized and run under reducing conditions in SDS
PAGE, the antibody reacted mainly with protein bands of approximate
molecular weights (M.W.) 200,000 (doublet) and 32,000, as well as
with multiple bands of molecular weights between 100,000 and 45,000
(Lane 3). A strip blotted with platelet-bindang antibody, 9500 (Lane
4), showed binding predominantly to a band of 100,000 M.W., a pattern
which was different from that of antibody 9604. A strip blotted with
control nonplatelet-binding antibody, Blll (Lane 5), did not show any
reactive protein bands. On blots of whole endothelial cell prouteins,
antibody 9604 bound to a single protein of approximately 200,000
M.W., but the 32,000 M.W. protein was completely absent from these
blots (Lane 7). Antibody 9500 bound strongly to a group of
endothelial cell protein bands with mobilities close to actin (45,000
M.W.) (Lane 8), while control antibody Blll showed no reactavity with
endotheli1al cell proteins (Lane 9), Interestingly, when the platelet

proteins were solubilized and run under non-reducing conditions in
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SDS PAGE (Figure 2B), the 200,000 and 32,000 M.W. bands reactive with
9604 disappeared from the blot, and 9604 reactive platelet proteln
bands appeared mainly at 50,000, 92,000 and higher molecular weights
(2200,000) (Lane 5). Negative control IgM antibodies B3123 and B110
(Lanes 3 and 4), and 9703 (Lane 6), a platelet-binding antibody with
phospholipid but not protein reactivity, showed nc bands on Western
blots. Antibody 9500 showed several major reactive bands between
30,000 and 90,000 M.W, (Lane 7).

Figure 2C shows the binding of antibody 9604 to isolated
platelet membrane proteins under reducing conditions. The 9604
reactive 200,000 and 32,000 M.W. bands remained the most reactive
when platelet membrane proteins were used in place of whole platelet
proteins (Lane 5). The negative control antibodies (Lanes 3 and 4)
showed no reactavity except for a band of approximately 80,000 M.W.,
which 15 likely to be the mu chain of surface bound IgM recognized by
the peroxidase anti-human IgM antibody. Antibody 9500 bound to a
major band of approximately 45,000 M.W,, but also exhibaited
reactivity with multiple other bands in the platelet membrane
preparation (Lane 7).,

In order to 1solate and characterize two of the three platelet
proteins reactive with 9604, platelet proteins were
electrophoretically separated in a SDS gradient gel and proteins with
mobili1ties of approXximately 200,000 and 32,000 M.W were electroeluted
trom the gel and rerun on a SDS-minigel (Figure 3A). The isolated
32,000 and 200,000 M.W., bands are shown 1in Lanes 2 and 3,

respectively., A mixture of these two fractions revealed the same two
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Binding to ADP-activated Platelets (OD44q)

-
0.04 0.2 1.0 50 100

Hybridoma IgM (xg/ml)

Figure 1, Dose-Dependent Binding of 9604 IgM to ADP-Activated
Platelets

Platelets were activated with 1,0 ug/ml (2.34 uM) ADP, fixed
with glutaraldehyde and 1incubated wath 9604 [IgM or the negatave
control Bl11l IgM, affimity-purified from hybridoma culture
supernatants.
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bands seen in the indavidual fractions (Lane 4). By Western blotting,
both of the isolated proteins retained reactivity to antibody 9604
(Figure 3B, Lanes 4 and 5).
Glycoprotein Staining of Platelet Proteins Reactive with Antibody
9604

Glycoprotein staining with fuchsin-sulfite of SDS polyacrylamide
gels showed that the 200,000 M.W. platelet protein band contained
carbohydrate, while the 32,000 M,W. protein band dad not (data not
shown).
Binding of Antibody 9604 to Enzyme-Treated Platelets

The enzyme sensaitavity of the 9604 reactive platelet proteins
was examined by treating lysed platelets with protease, proteinase K,
trypsin, DNAase, RNAase, phospholipase A, or phospholipase C and then
using these enzyme treated platelets in Western blotting analysais.
All bands reactive with antibody 9604 vere completely aboliashed by
treatment of platelets with trypsin, protease, and proteinase K
(Figure 4A, Lanes 4 to 6', while only a few high molecular weight
bands (100,000 and > 200,000 M.W.) were affected by the treatment
with DNAase, RNAase, phospholipase A,, and phospholipase C (Figure
4A) (Lanes 7 to 10), DNAase, RNAase, phospholipase A,, and
phospholapase C did not affect the reactaivity of 9604 with the
200,000 M.W, and 32,000 M.W. bands. Reactivity which appeared at
approximately 40,000 M.W, after protease digestion was due to the
binding of 9604 to components in the enzyme preparation as can be
seen 1n the blot of protease with 9604 (Lanes 5 and 12). These

results are consastent with results obtained i1n a platelet binding
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Figure 2. Western Blotting of Hybridoma Antibodies on Platelet and

Endothelial Cell Proteins

In panel A, cells were solubilized 1n SDS sample buffer with 2-
mercaptoethanol and run undey vreducing conditions. Lane 13 M. W.
standards; Lane 2: whole platelet proteans stained with amido black;
Lanes 3-5: whole platelet proteins blotted with hybridoma antihodies
9604, 9500, and Blll, vrespectively; lLane 6: whole endothelial cell
proteins stained with amido black; Lanes 7-9: whole endothelial cell
proteins blotted with hybridoma antibodies 9604, 500, aond B111
respectively,

In panel B, platelets were solubilized 1n SDS sample butfey
without 2-mercaptoethancl and run under nonreducing conditions. Lane
1: M.W., standards; Lane 2: whole platelet proteins stained with amido
black; Lanes 3-7: whole platelet proteins blotted with hybridoma
antibodies B3123, BL110, 9604, 9703, and 3500, respectively,

In panel C, 1solated platelet membranes were solubilized 1 5DS
sample buffer with 2-ME and run under reducing conditions. Lane 1:
M.W. standards; Lane 2: platelet membrane proteins stained with amido
black; Lanes 3-7: platelet membrane proteins blotted with hybridoma
antibodies B3123, B110, 9604, 9703, and 9500, respectively,
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RIA, 1n which intact platelets were first incubated with the same
enzymes and then tested for binding of antibody 9604. The results,
shown in Figure 4B, demonstrated that the binding of antibody 9604 to
platelets was significantly decreased by treatment of platelets with
trypsin (25%) and slightly decreased by treatment with protease and
DNAase (10-12%), but was not affected by RNAase, phospholipase A,,
or phospholipase C,.
Monoclonality of Antibody 9604

Since antibody 9604 bound to several platelet proteins, 1l was
necessary to identify whether these reactivities were due to more
than one antibody present 1in the preparation or due to the
polyspecificity of a single antibody. The monoclonality of antibody
9604 was demonstrated by isoelectric focusing gel electrophoresis. As
shown 1n Figure 5, the light chain of 9604 IgM showed a single major
band which focused at a pl of approximately 5.8 (Lane 3}), This tiguie
also shows the i1soelectric pattern of light chains of a monoclonal
myeloma IgM protein (Bor) (Lanes 1 and 2) and of poulyclonal human

serum IgM (Lane 4) for comparison.
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Fipure 3, SDS PAGE and Western Blotting of 49604 Reactive Platelet
Proteins lIsolated by Electroelution

Inv panel A, 5SDS polyacrvliamlde gels were run under reducing
conditions and stairned with Coomassie blue, Lane |1: whole platelet
proteins;  Lane 2: 1solated 32,000 M.W. platelet protein; Lane 3:
tsol iied 200,000 MW, platelet protein; Lane 4: mixture of isolated
200.000 and 32,000 M.W. platelet proteins. Lane 5: MW, standards.

In panel B, SDS PAGE were  run undey reducing conditions and
protemns an the polvaciviamde gels weye electrophoretically
transtened  onto nitrocellulose membrane and analyzed by Western
blottimg, Lane 1: MW, standards; Lane 2: whole platelet proteins
statned with  amido black; Lanes 3-5%: 9604 was 1ncubated with blots
ot : whole platelet proteins (Lane 3), 1solated 200,000 M.W. platelet
protetu (Lane Y, and 1solated 32,000 platelet protein (Lane 5).
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Figure 4. Western Blotting Analvsis and RIA of the Binding of Antibody 9604 to Enzyme Treated

Platelets

In panel A, SDS gel was run under reducing conditions. Lane 1: M.W.standards; Lane 2: whole
platelet proteins stained with amido black; Lanes 3-10 show platelet lysates treated with buffer or
enzyme and then blotted with 9604 supernatant: nontreated whole platelet proteins (Lane J), platelet
proteins treated with trypsin (Lane 4), platelet proteins treated with protease (Lane 5), platelet
proteins treated with proteinase K (Lane 69, platelet proteins treated with DNAase (Lane 7),
platelet proteins treated with RNAase (Lane 8}, platelet proteins treated with phospholipase A,
(Lane 9), platelet  piroteins treated with phospholipase C (Lane 10:. Lanes 11-17 show the enzymes
alone blotted with Y60% supernatant: trypsiu (Lane 11), protease (Lane 12), proteinase K (Lane 13),
DNAase iLaune 14). RNAase iLane 15), phospholipase A, (Lane 16), phospholipase C (Lane 17).

In panel B. 1intact live platelets were treated with various enzymes and then tested for 9604
binding bv RIA. The values represent perceut binding and are means of duplicate samples.
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DISCUSSION

Hybridoma autoantibody 9604 was derived from the fusion of GM
4672 human lymphoblastoid cells with peripheral blood lymphocytes
from an SLE patient. In a previous study which characterized the
platelet-binding properties of similarly derived SLE hybridoma
autoantibodies, most antibodies showed samilar reactavity in a RIA
using live platelets and 1in an ELISA wusing glutaraldehyde fixed
normal platelets??, Hybridoma antibody 9604, however, was different
in that 1t did not bind to fixed intact platelets in ELISA, but bound
to live platelets in the RIA., Thas antibody also reacted with lysed
platelets 1n ELISA, bound to wunique platelet proteins 1n Western
blotting analysis, and was strongly cytotoxic to platelets using an
m vitro ®'Cr release assay*®. It 1s noteworthy that 9604 reacted
with live platelets 1n the radioimmunoassay and cytotoxicity assays,
but not with fixed unactivated platelets 1n the ELISA, suggesting
that there may have been some activation and expression of the 9604
reactive protein during the washing steps 1n these 1n vitro assays.
This was coufairmed by experiments showing that antibody 9604 reacted
with fixed washed platelets in the ELISA and that washing of the
platelets enhanced the binding of 9604 to fixed or unfixed platelets
in the RIA. It 1s not clear whether the binding of 9604 to fixed
resting platelets 1n the RIA but not 1n the ELISA 1s due to
differences 1n assay conditions or assay sensitivity,

It has been noted by several 1investigators that the activation
of platelets 1s accompanied by the expression of new antigens on the

cell surface, rearrangement of membrane components, or binding of
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exogenous proteins to the surface?2-24, A mouse monoclonal antibody,
KC4, 1dentified a 140,000 M,W. 1ntegral membrane protein that was
newly expressed on the surface of thrombin-activated platelets and
associated with platelet secretion?5-28, Another mouse monoclonal
antibody, 2.28, was reported to react with a secreted lysosome-like
granule protein of 53,000 M.W. on the surface of activated
platelets2®, A similar phenomenon was noted for a human IgM
monoclonal autoantibody, 5E5, derived from a patient with i1mmune-
mediated thrombocytopenic purpura, which recognized a neoantigen on
glycoprotein [ITa which was expressed on platelets actaivated by
thrombin or stored for more than 3 days®°. The epitope responsible
for antibody 5E5 binding was a protein with an apparent molecular
weight of 95,000. To our knowledge, there has not been any report of
similar reactivities of autoantibodies derived from SLE patients.

In the present study, we have characterized hybridoma antibody
9604 and the platelet components to which this antibody binds. Our
results demoustrate that this SLE-derived antibody 9604 binds to
antigen(s) exposed on platelets activated by ADP in the presence of
plasma. The finding that antibody 9604 does not bind to fibrinogen
excludes the possibility that this antibody reacts with plasma
fibrinogen bound to surface receptors which are exposed only on
activated platelets.

We have attempted to identify the proteins responsible for the
binding of 9604 to platelets wusing Western blotting analysis. The
results of these studies demonstrated that antibody 96004 bound mainly

to two platelet protein bands of M.W, 200,000 and 32,000 in SDS gels




156

run under reducing conditions. These proteins were also demonstrable
in isolated membrane preparations of 1lysed platelets. The 200,000
M.W., but not the 32,000 M.W. band, was shown to be a glycoprotein by
fuchsin-sulphite staining. The 200,000 M.,W, band was also seen on
blots 1ncubated with other hybridoma antibodies and blots of
endothelial cell proteins incubated with 9604. This 1s a wide band
composed of several platelet proteins with mobtlities of
approximately 200,000 M.W. 1in SDS gels. Platelet proteins of
approximately 200,000 M.W. include the Fc receptor (210,000 M.W.)"**,
filamin (250,000 M.W.), talin (235,000 M.W.) and myosin (200,000
M.W.)*!'., Experiments using commercially available specific antibhodies
to these high molecular weight proteins excluded the possibility that
9604 binds to filamin and Western blotting analysis using Triton X100
extracts of platelets“! demonstrated that 9604 does not bind to talin
(data not shown). The 32,000 M.W., protein band was seen only on blots
of platelet proteans incubated with antibody 9604. This polypeptide
appeared to be labile and often disappeared when the gradient of the
gel was varied {(data not shown). Moreover, when the gel was run undey
non-reducing conditions, both 9604 reactive bands of 32,000 .and
200,000 M.W. disappeared and antibody 9604 showed binding to higher
molecular weight protein(s). Taken together, these data suggest that
the 9604 bound protein(s) are located 1n the platelet wembrane and
may be composed of polypeptide subunats which are linked by disulfide
bonds.

In an attempt to identify the protein(s) bound by antibudy 9604,

various antibodies and lectins with defined specificities were used
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to probe the blots. No corresponding reactivity was found with
concanavalin A and wheat germ agglutinin, which bind to diffecrent
platelet membrane glycoproteins; monoclonal antibodies against GPIb,
GPIIb and GPIlla; monoclonal antibodies against cytoskeletal
proteins; or pclyclonal antibody against human factor VIII-related
antigen, a high molecular weight glycoprotein present 1in platelet
granules, Enzyme digestion of 1lysed platelets showed that the 9604
reactie epltopes were completely degraded by protease, proteinase K
or trypsin, suggesting that the determinants responzible for 9604
binding are protein in nature, Trypsin digestion of live platelets
also decreased the binding of 9604 by 25%, suggesting that trypsin
had limited access to the antigen 1n intact platelets. treatment of
lysed platelets with DNAase, RNAase, and phospholipases Ax and C
showed a loss of reactivaity of 9604 with minor platelet protein bands
m Western blotting, suggesting that some 9604 reactive platelet
components may contain phosphodiester or phospholipid moieties.
However, treatment with these enzymes did not affect the 200,000 or
32,000 M.W. components,

Platelet-binding antibodies?-2:32-33  and abnormalities of
platelet function®~%-“2 have been demonstrated 1n patients with SLE.
Karpathin et 4l.' reported that anti-platelet antibodies could be
detected 1n 78% of patients with SLE but that only 14% of these
patients wele thrombocytopenic. Efforts have been made to
characterize the relationship between anti-platelet antibodies and
platelet function and to 1dentify epitopes on platelets responsible

for autoantibody binding. Kaplan et al.2? studied the reactivities of
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sera from SLE patients with platelet membrane proteins derived fiom
normal and autologous platelets using an 1mmunoblotting technique,
Two target antigens of 108,000 and 66,000 M.W. were found tor some
SLE sera. In another study, 1t was reported that all (4/4) sera firom
SLE patients caused aggregation and immunofluorescent staining of
normal platelets and that the active fractions 1in these seqa
contained antibodies to Clq, Cls and betay—microglobulin=®?®-=",
Weissbarth et al.“® demonstrated that anti-platelet antibodies i1nduce
serotonin release from platelets from SLE and rheumatoid arthrrtas
patients, Furthermore, they found that binding of IgG-contatniug
mmmune complexes to platelet Fc receptors was assoclated with
platelet phagocytosis, which 1nduced release of granule contents and
the aggregation of circulating platelets. These data, however, give
little indication of the fine specificitres of the platelet-bindiug
autoantibodies found 1in SLE patients.

To date, there have been relataively few studies on  the
reactivities of human hybridoma anti-platelet antibodies derived from
patients with SLE. Shoenfeld et al.?! demonstrated that some S5LE-
derived hybraidoma antibodies showed platelet-binding activity., Asano
et al.?? reported that SLE-derived hybridoma autoantihodies to
single-stranded DNA could crossreact with platelets and that the
platelet epitopels) did not appear to involve DNA, protein or si1alic
acid. We have previously shown that several SLE and normal-derived
hybridoma antibodies, 1nitially selected for anti-DNA and lupus
anticoagulant activity, reacted with platelets. Platelet reactivily

of these hybridoma antibodies was highly correlated with binding ty
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DNA, cardiolipin, and phosphatidylethanolamine and was sometimes
affected by pretreatment of the platelets with trypsin??®, However, 1t
still remains unclear as to how anti-platelet antibodies cause
abnormalities 1n platelet function or disturbances 1n hemostasis in
SLE. Although we have not examined the effects of 9604 on platelet
function, we have previously demonstrated that 9604 1s haghly
cytotoxic to platelets in in vitro chromium-51 release assays“®. This
suggests one possible mechanmism by which autoantibhodies, such as
9604, could affect hemostasis in vivo. In addition, the reactivity of
9004 with ADP-activated platelets, but not with resting platelets,
suggests that the reactivity of 9604 with platelets 1n vivo would be
dependent upon factors or other autoantibodies capable of initiating
platelet actavataon, Further characterization of the nmolecular
components on the platelet membrane to which this antibody binds may
provide 1nsight into the mechanisms by which platelet-binding

autoantibodies interfere with normal platelet function,
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CHAPTER VI
EFFECTS OF LUPUS AUTOANTIBODIES ON ENDOTHELIAL CELLS AND ON THE

INTERACTIONS BETWEEN ENDOTHELIAL CELLS AND PLATELETS

INTRODUCTION

As described 1n Chapter 1, the 1nteractions between platelets
and endothelaal cell (EC)s 1nvolve many faclors and are very complex,
In general, any trauma to or modifacation of the endothelimm will
permit platelet adherence, Once adhesion has occurred, the cascade ot
coagulation 1s 1nrtiated and will result in hemostasis or thromhosis,
Immune mechanisms may also be 1nvolved 1n endothelial mjury, In
order to 1investigate whether lupus autoantihodies piay a yole n the
interactions between platelets and ECs, the present  study  was
designed to examine the binding and cytotoxicity of human hybr 1doma
autoantibodies to ECs and their effects on the adhesion of platelets

to endothelial monolayers in vitro,.

MATERIALS AND METHODS

Culturing of Human Umbilical Vein Endothelial Cells

Huran umbilical vein EC monolayers were prepared from umbilical
veins following the method of Jafte et al, (213)., Human unbilical
cords were placed 1n normal saline and used within & hours of
delivery, Both ends of the cord were cut and the vein was cannulated
with butterfly needles (#6) and clamped., The vein wan washed with
Hank's buffer until the wash no longer contalned any blood and looked

clear. Ten to twenty millilaters (depending on the ize of the cord)
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of 0.1%Z collagenase 1n Hanks' buffer was 1injected 1into the vein and
tncubated for 30 minutes at 37°C 1in 5% CO,. The cell suspension 1n
the vein was then withdrawn using a syringe and centrifuged at 250 x
# for 10 minutes, The cell pellet was washed twice with Hanks'
buffer, resuspended 1n 10 ml of RPMI 1640 medium containing 157 fetal
¢alt serum, 50 U/m! heparin (l.eo Laboraturies, Pickering, Ontario)
and 10 ug/ml endothelial cell growth supplement (ECGS) (Collaborative
Research, Inc., Bedford, MA) (EC wedium) and placed into 75 cm?
tlasks (Costar, Cambridge, MA), which were precoated with 0,2%
pelatiu for one hour at room temperature, The ceils were 1ncubated at
37°C au 5% €O, and fed twice a week. When the cells grew to
cont luence, they were trypsinized and passaged at a 1:2 dilution and
kept for 3 passages only,
Preparation of Endothelial Cell Monolayers in Microtiter Wells

tont luent EC monolayers in 75 cm? flasks were washed twice with
Tvriodes' bulter without calcium and magnesium, but containing 4 mM
FDTA  (Tyrodes-EDTAY  and  ancubated with 5 ml of 0.02% trypsin-EDTA
(GIBCO, Grand 1sland, NY) at 37°C until all cells were completely
detached trom the flask (approximately 10 to 15 minutes). The cells
were then washed 3 times with Tyvrodes-EDTA, resuspended 11 EC medaum
at a4 concentration ot Y x 10* cells/ml, and plated 1n Falcon flat-
bottom Yb-well microtiter plates (Becton Dickanson & Company, Oxnard,
CAY  precoated with 100 ul per well of a 2.5 ug/ml solution of
fibhronectan 1n distilled water. The plates were incubated at 37°C in
5 €O, for 24 to 48 hours or until the cells formed confluent

monolavers, The cells were identified as ECs by their "cobblestone"
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appearance (polymorphasm) (213) and by their positivity with anti-
Factor VIII antibody (see Table 3 of Chapter X).

Direct Binding ELISA on Endothelial Cells

The EC monolayers in microtiter wells were washed twice with
Hanks' buffer and fixed by adding 100 ul of 2.5% plutaraldehyde 1
Hanks' buffer to each well and incubating for 30 minutes at voom
temperature, The plates were then washed 4 times with 10 wM Ty o~
buffered saline, pH 7.4 (TBS) and blocked with 0.5% gelatin i ThS at
37°C for 1 hour. The wells were washed 5 times with TBS and 7% ul ol
hybridoma supernatant or atfinity-puritied hybridoma antibody at 5
pg/ml were added to each well 1n duplicate and imcubated foy 90
minutes at room temperature. The plates were washed 5 times with TRS,
and then 1incubated with alkaline phosphatase-conjupated anti-human
polyvalent immunoglobulin (Sigma Chemical Co., St. Louis, Mo) at room
temperature for another 90 minutes. After 5 washes with TBS, the
colour was developed with p-nitrophenyl phosphate disodrwn O /ol
and read at 0D, 0 using a Dynatech MR600 FLISA reader.
Effects of Hybridoma Antibodies on the Adhesion of Plateletls to
Endothelial Cell Monolayers

Platelets (3 x 10%) i1solated {from normal citrated blood were
radiolabeled by 1ncubating with 100 wul *'Cr sodium chromate ()
mCi/ml) (Frosst, Kirkland, Quebec) for 1 hour at 37°C in 5% CO,,

Endothelial monolayers in microtiter wells were washed 3 times
with Hanks' buffer containing 0.5% bovine serum albumin (Hanks-B5A).

One hundred microliters of hybridoma supernatant were added 1o cach

well in duplicate and 1ncubated for 1 hour at 37°C n 5% CO,, The
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plates were then washed 3 times with Hanks-BSA and 50 yl of >!Cr-
labeled platelets (0.3 -~ 0.6 x 108%) were added to each well and
incubated tor | hour at 37°C, The wells were washed 6 times with
Hanks -BSA and the cells remaining 1in the well were solubilized with
200 pl ot 0.1% Traton X-100 and 100 ul from each well were counted 1n
a Beckman gamma-counter to determine platelet adherence (as detected
by bound *'Cr) to the endothelial monolavers,

Cytotoxicity of Hybridoma Antibodies to Endothelial Cells

Two difterent  procedures were used to prepare radiolabeled ECs
tor the cylotoxic ®!'Cr-release assay., EC wonolayers 1n microtiter
wells  were radiolabeled with sodium chromate **(Cr (] nmCai/ml)
{tFrosst, Kirkland, Quebec) diluted an 10 ml EC medium (100 ul/well)
for 1 hour 1n 5% ¢0, at 37°C, or trypsinized ECs were radiolabled
with 100 pl sodium chromate *'Cr (1 mC1/ml), washed to remove free
vadiroactivity, resuspended 11, EC medium and plated 1in V-bottom
microtiter wells at J x 10® cells/well. The %Cr-release assay was
peytformed us g the same procedure as that described for the platelet
cylotoxierty assay (Chapter 1V), A commercial anti-EC antibody, MCA
117 ¢Sevotec, Blackthorn, England). was used as positive control.
Analysis of Hybridoma Antibody Binding to Endothelial Cell Proteins
by Western Blotting

5DS PAGE was  1un under reducing conditaions and the Western
blotting procedure was the same as that described for Western
blott ing analvsis on platelet proteins 1n Chapter V (Materials and

Methods),
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RESULTS

Direct Binding of Hybridoma Antibodies to Human Umbilical Vein
Endothelial Cells

A total of 26 SLE-derived and 14 normal-derived human hybridoma
antibodies were tested for their direct binding reactivity to
glutaraldehyde fixed human umbalical vein ECs by ELISA. Eight of the
26 SLE-derived and 4 of the 14 normal-derived antibodies showed
positive reactions to ECs (Figure 1A). A comparison of the platelet-
binding activity of these same antibodies (Figure 1B) showed that
there were fewer antibodies which bound to ECs 1n the SLE group,
while all of the normal-derived platelet-binding antibodies also
reacted with ECs. Moreover, the bainding levels of most EC-reactive
antibodies were lower on ECs than on platelets.
Effects of Hybridoma Antibodies on the Adhesion of Platelets to
Endothelial Cells

In order to establish the optaimal conditions for this study, a
preliminary study of the spontaneous adhesion of platelets tu EC
monolayers was performed using different numbers of 5'Cr-labeled
platelets (0.4 - 12,5 x 109/well) (Figure 2). A concentration of
between 1,5 - 3,0 x 10%/well (0.3 - 0.6 x 10%/ml) labeled platelets
was selected for further study because this concentration fell within
the linear portion of the curve and gave sufficiently high cpm values
to be detected. Representative results of the effects af hybridoma
antibodies on the adhesion of platelets to EC monolayers are shown in
Table 1. Using a baseline value calculated from the negative cuntrols

of EC medium and GM 4672 cell supernatant, neither SLE-derived nor
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Figure 1. Binding Reactivity of Hybridoma Antibodies to Fixed Human

Umb1lical Velin Endothelial Cells and Platelets

A reaction

in this assay was considered positive f the OD,,q

was greater than 0.10 for ECs and greater than 0.08 for platelets,

which are the
duplicate in 4

means + 2 SE of three control samples tested n
repeated assays. Antibody binding levels 1o ECs

(Figure 1A) and platelets (Figure 1B) are shown as the mean plus oy

minus 2 SE of
separate assays.

samples tested 1in duplicate and ryeproduced 1n 2
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Figure 1B
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® Total ®'Cr added
B °®'Cr-platelets adherent to ECs
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51 Cr-Labeled Platelets Added
(Number/Well x 106)

Fipure 2, Spontaneous Adhesion of 5!'Cr-Labeled Platelets to

Endothelial Cell Monolayers

Each point on the curve represents the mean of quadruplicate

samples plus or minus one SD.




Table 1. Effects ot Hvbiidoma Antibodies on the Adhesion

of Platelets to Endothelial Cell Monolavers®

Hybradoma Adherence ot "'Cr-fabelled Platelets
Ant1body 1o EC (% of Total Label Added)®

Normal-Deraved

B109 8.00 + O.6b
B110 8.5%4  0.450
Bl111 5.24 £ 0,99
B105 8.00 ¢+ 1.1l
B122 8.74  0.K0
4003 7.57 ¢ 1.12
SLE-Der1ved

1104 b.A47 % 0.80
1109 8.54 ¢+ U.nl
1200 Hohh £ (.98
1420 9,02 £ 0.74
3200 6H.35 £ 0,70
9502 7.17 £ 1.17
9603 6,94 £ 0.h2
9604 8.35 ¢ 1,40
9700 7.1 ¢+ 0,77
9703 7.10 £ 0,24
9703-5 7.71 £ 0.9
9705 h.bhl £ 0,1H
B3123 7.5 2 0.73
Contyrol Samples

Medaum 8.5+ 0,36
GM 4672 K.80 £ 0.4)

251 cpn

Total label added 5315

& The results 1in this table are from 1 representat wve experiment of

a series of 5 repeated assays on hybridomia supernatants,

v The cut-off wvalue in this assay 15 9.04%Z, which was ralculated

from mean plus 2 SD of the 3 controul samples (B,h6 1+ O, 3HZ).

< FEach value repiesents the mean plus or minus one 5D of 4 or 4

replicate samples 1n the same assay,
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normal-derived kybridoma antibodies showed significant effects
{itncrease  or  1nhibition) on  the adhesion of platelets to EC
nonolayers,
Cytotoxicity of Hybridoma Antibodies to Endothelial Cells

Chromiun=51 release assays on ECs were employed to examine the
pussible role of autoantibodies 1n endothelial 1injury. The assays
were perfoimed using 2 different procedures: (1) intact EC monolayers
were labelled with sodium chromate 3*Cr diluted 1 to 100 in EC medaum
or (2) tyypsinized ECs were labeled with sodium chrumate *'Cr and
then plated 1n microtiter wells for the cytotoxicity assay., Most
expernnents were performed using the second method since the 1nternal
variation between replicate wells was lower using this procedure,
Representative results  using this method are shown in Table 2. There
was no sienificant ettect of erther SLE or normal-derived hybridoma
supernatants on "!Cr-release by ECs. Although the commercial ant1-EC
antibody, MCA 117, alwavs caused some 1ncrease 1n ®!Cr-release over
the wean  + 2 SD ot the negative controls, incredases 1n *'Cr-release
from the EC monolayers caused by the purified hybridoma antabhodies

(4003, 110y, 1311 and 9702) were not reproducible 1n repeated assays.
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Legend to Table 2

Results shown for hybriadoma supernatants are from 1 representative
experiment of 8 repeated assays. Results shown for hybridoma
antibodies were obtained using affinity-purified hybridoma IgM or
IgG at a final concentration of 2 ug/ml and are from 1
representative experiment of 3 repeated assays.

S1Cr release 1s shown as a percentage of the total *!Cr labeled 1n
platelets,

Spontanecus release,
HIgM and HIgG are normal pooled human IgM and IgG, respectively,
MCA 117, a commercial mouse monoclonal antabody to ECs (Serotec,

Blackthorn, England) and normal mouse gamma globulins were used as
positive and negative controls, respectively.
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Table 2. Cytotoxicity of Hybridoma Supernatants and Affinity-

Puritied Hybridoma Antibodies to Endothelial Cells

S1Cr~Release
trom ECs (%)

Purafied
Antibodies®

*1Cr-Release
from ECs (7%)*®

Culture
supernatant s

Normal-Derived:

B10Y9 15,26 ¢ 0,88 B109 IeM 12,12 + 1.54
K110 16,84 t 0,97 B110 IgM 13.61 £ 1.64
Bl 15.12 2 1,02 Bi1ll IgM 12.18 £ 0,79
B105 15.91 + 1.28 10032 1IgM 12.44 £ 2,11
Bla2-2 18,15 + 1,29 B122-2 IgM 15.78 t 3.53
4003 17.65 + 0.90 4003 lgM 24,68 * 1,69
SLk-Derived:
1104 18,12 ¢ 2,00 1109 1gM 23.64 * 4,30
1200 Ih.18 * 0.86 1104 IgM 13.35 ¢ 2.94
4200 15.18 ¢ 1,49 1311 1M 25,20 % 2,45
Y502 18,42 + 0.64 9200 IeM 14.29 * 1,56
Y603 16,53 t 0.63 9500 1gM 14.18 ¢ 2.57
9604 17.33 ¢ 1,17 4502 IeM 18.98 * 2.45%
700 15,68 *+ 0.58 9603 [zM 19.27 ¢ 3.30
4703 19.37 2 0.85 3604 IgM 21.49 £ 1,60
970 3-" 15.97 % 0.50 9700 IgM 21.92 ¢ 2,40
9704 16,28 t 2,05 9702 1eG 27.73 ¢ 1,49
4703 1gM 22.91 + 1.33
3703-5 IgM 21.83 * 1,55
9705 1gM 11.70 *+ 1.38
4706 1gM 13.54 % 1.65
Bil23 IgM 13.01 £ 1.49
control Samples:
S.R.: 16.73 * {.05 S.R. 12.60 % .49
Medium 18.97 + 0.63 Med 1um 12.43 + 1,73
GM 4672 17.16 ¢ 1,00 GM 4672 1gG 18.97 + 0.69
Human I[gM¢ 18.75 £ 1.84 Human IgM 11.37 £ 0,2
MCA 117" 21.29 ¢ 0.53 Human IgG 19.94 ¢ 1.26
Mouse 1gG"® 19,18 ¢ 1.78 MCA 117 24,27 ¢ 2.09

Total Release 1952 * 228 cpm
Mean * 2 SD 15.06 * 8,10

4303 ¢ 104 cpm
17.90 ¢ 2,25

Total Release
Mean £ 2 SD
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Western Blotting Analysis of Hybridoma Antibodies on Endothelial Cell
Proteins

Western blotting analysis of hybridoma antibodies on EC
proteins, shown in Figure 3, was performed using the same panel of
antibodies as used in the platelet studies (Figure 3 of Chapter VI).
The protean binding patterns of these antibodies on EC proteins
differed from those observed on platelet proteins, Strips blotted
with negative controls (0.5% casein and GM 4672 cell supernatant) and
non-EC binding antibodies (normal-derived antibodies B109, BI10, and
Bl111, and SLE-derived antabodies 9700, 9703, 1206, 1305, 1407 and
9702) did not show any reactive protein bands. Strips blotted with
normal-derived EC-binding antibodies showed high background binding
without clearly defined bands (4003 and B135) or reactivity with
common bands (B105 and B122) at approximately 80,000 M.W., which may
be due to reactivity with EC-bound IgM 1mmunoglobulin. Among the 5LE-
derived EC-binding amiibodies, antibody 9500 with lupus anticceaptilant
activity showed strong and specific binding to a group of EC proteins
with meobilaties similar to actin (45,000 M.W.). Antibody 9604 reacted
mainly with a 200,000 M.W. protein which was also ohserved in blots
of this antibody with platelet proteains. This particular 9604
supernatant also showed reactivity with many other EC proteins, which
were not seen 1n several other blots of EC proteins with 9604
antibody (refer to Figures 3 and 4 of Chapter X). Of the others
antibodies which reacted with ECs 1in ELISA, antibodies 9200, 4502 and
9706 showed weak binding to 2 or 3 bands between 30,000 and 40,000

M.W., while 103-4 did not bind to any protein bands.
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Fipure 3., Western Blotting of Hybridoma Antihodies on kndothelial

cell Proteins

Human umbilical vein ECs were solubilized in SDS sample buffer
and 5DS pels were run under reducing conditions, From left to right,
Lanes 1 and 2 were MW, standards and whole EC proteins stained with
amido black; Lanes 3 to 206 were whole EC proteins blotted with
hvbiidoma antaibodies or control samples: Lane 3, case1in blocked
contruol strip 1ncubated with peroxidase anti-human IgM; Lanes 4-10:
normal-derived hvbridoma 1gM antibodies BI04, B1IG, B11l, 4003, Bl1OS,
B122 and Bll5; Lanes 11-23): SLE-deraved hybiidoma IgM antibodies
4200, 4500, 4502, Y04, Y700, 9703, 9706, 1206, 1305, 1407, 103-4,
B3700 and BI123;  lLane 24: SLE-derived hvbridoma IgG antibody 3702;
Lane 25: GM 4072 IgG control; Lane 26: casein blocked control strap
incubated with peroxidase anti-human I[gG,
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DISCUSSION

In the present studv, a panel of human hvbhrdoma autoantibodaes
which had been studied for reactivity with platelets was examined tm
reactivity with FECs. Fewer antaibodies were found to react wath BOs
than with platelets hy divect binding FLISA. In experiments examining
the eflects 0ot these antibodies on the 1nteractions belween platelets
and ECs aund the cytotoxicity ot these antibodien  to FUs,  there weae
no consistent positive reactions Lo anv ot the antibodics tested,
The lack of consistent positive reactions wmay  have  bheen due Lo
methodological problems, «uch as the detachment ot the U monofavenr,
in the presence of some ant ibodies and during the many bat ter wae he,
and the high  level of  spontancous “'¢r aelease by FCo an the
Ccviotox1c1ty assay., Altemnatavelv, bt o roed Lot v true Jack ol
tuncti1onal etfects ot these antibodies on FOw,

Immune patrticipation 1 endothelial tujpury has bheen reported an
blood vessel diseases an SLE patients 3400, There 1noeviidencs T had
FC anti1gens expiessed on the surtace ot anpured  celle mayv pravate
mmmune complex  binding to coltured  bpan ke G122 03500 o k-
dependent monocvte bindiag to cabbit aorta FOo ool althoueh vvogy
still not c¢lear whether the antact endotheliun s 1 tarpet of
autoant ibodies, 1maune cells or  rmmune  corplexes C349.3000 0 The
demonstration of Fe receptors (3511 and Clg receptors €352 on homan
endothelaal cells provides a possible mechamosn an which antibod e
or antibody-antigen complexes can bind to  the endothelium and cause
EC damage. Since autoantibodies and twmune complexes persist an the

circulation of SLE patients, 1t witl he  anportant to determine
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whether these antoantibodies and immune complexes can bind to normal
intact endothelium and thus change the nonthrombogenic surface to
imduce platelet adhesion, Alternatively, an altered endothel 1um could
induce the product rton of autoanti1bodies which mediate 1mmune 1njurv.

Th1s railses the gquestion of whether EC-binding autoantibodies
are the  cause or the result of EC 1njurv 1n SLF patients, In a serum
study using, human umbilical vein ECs, Cines et al, (60) demonstrated
that sera from SIE patients deposited significant amounts of IgG onto
Bt and also tixed appreciable amounts of €3 to the FEC suiface.
Purtheamwore . the banding ot IgG was  accompanied by a disruption of
the endotheltal monolaver as well as worphological changes 1n the
Fts, secretion ot PGEH, by FCs,  aund diftfuse platelet adhesion to FC
mone lavers «n0,, Morphological changes +a rounded appeardnce, loss of
contact with uerghboring cells, and det ichment of FC monolavers trom
plastic surtaces)  were also noted 1n o experiments when live EC
monolaver-  wepe incubated with some, but not all, FC-binding
hvby tdoma lupus ant ibodies (data not shown), The negative iresults 1n
our studies or the ettects of hybridoma antibodies on EC cvtotoxicity
and  the nteraction between FEC  and  platelets mav reflect the
detachment  of LCs from microtiter wells, In the c¢yltotoxicity
experiments, EC dotachment may have influenced the results 1f FEC-
bindrugy,  mtibodien were not able to bind to detached cells.
Similavly, this could have resulted 1n an apparent lack of effect on
platelet adherence  to ECs  1n cases where the EC monolayers became
detached.

Mechanisms other than a direct effect of antibodies on ECs have
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been proposed. Antibodies with lupus anticoagulant activity have been
shown to inhibit PGl, svnthesis 1n vascular tissues, possibly by
interfering with the laberation of arachidonic acid from mewbrane
phospholipids (150,221,208), darvreras et al. (150) tound that an
lupus anticoagulant-containing 1IgG traction, 1solated from a patient
with a history of arterial thrombosis and multiple mtrauter e
deaths, reduced the release of PGI, from 1at a20r1ta rings o1 prepnant
human myometrium and the production of 6-keto-prostaglandiu F,. by
hovine endothelial cells. The 1nhibitory eflect was abolished 1n the
presence of arachidonic acid, In a subsequent study, PG1, production
by vascular tissues was inhibited by plasmas of 8 of 14 patients with
LA. b of whom had thrombosis (268}, Similar fi1ndings were obtained by
some but not all groups of 1nvestigators (278-281), Others argue that
the thromhosis assoctdated with anti-phospholipid antitbodies cannot he
explained by eftects on &L and platelet prostanoid synthes1< (282)
and that the significantly 1ncreased EC procoaguiant activity induced
by sera from patients with SLE and LA may accoumt tor the micreased
incidence of thrombosis i1in  these patients (283), These discrepant
results may be due to the heterogeneous properties of LA antibodies
or to the effects of other autoantibodies n the plaswa  of theoe
patients, More direct evidence 15 still required to explain the
association of LA and anti1-PL with thrombosis and thronhocytopenia.
In our laboratory, we plan to undertake siumilar  studies using,
hybridoma LA and anti-PL antibodies to 1dentify whether monocional
antibodies of these specificities are able to 1nhibit or enhance PGl

production.
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In summary, our studies using hybridoma LA, ant1-PL and anti-DNA
autoantibndies demonstrated that fewer of these antibodies bound to
Ets than to platelets. Furthermore, neither EC-binding nor non-EC-
binding antibodies had significant cytotoxic effects on ECs 1n vatro,
nor was there any reproducible effect of these antibodies on the
adherence of platelets to EC monolayers, These results support the
possibility that mechanisms other than direct i1mmune injury to ECs

may be involved 1n causing thrombosis in SLE patients,




185
CHAPTER VII

GENERAL DISCUSSION AND FUTURE PERSPECTIVES

The present thesis describes our studies on the characterization
of reactivities of SLE and normal-derived human hybraidoma lupus
anticoagulant, anti-phospholipid and anti1-dDNA autoantibodies with
platelets and endothelial cells. This work was based on the hypothe-
sis that autoantibodies might play a role 1n hemostatic disturbances
which are frequently seen in SLE pataents (249-251). Although 1t has
been known for some time that hybradoma antibodies with autoreacti-
vities can be derived frocai both SLE and normal 1individuals, few
studies have examined the differences between the epitopes recognized
by SLE and normal-derived antibodilies and i1n the functional effects of
these antibodies on «c¢ells., It was also not clear what, 1f any,
relationship exists between the multiple reactavities (anti-DNA,
anti-PL, LA, anti-platelet and anti-EC), or polyspecificity, of these
autoantibodies and whether specific epitopes on platelets and ECs are
recognized by these polyspecific antibodies.

The four main appro~ches emploved in our studies were: 1) the
production of human hybridoma autoantibodies from fusions of GM 4672
human lymphoblastoid cells with peripheral blood lymphocytes from SLE
patients and normal individuals; 2) an examination of the binding
reactivities of these antibodies by solid phase 1mmunoassays and
Western blotting analysias, and of thear functional activities by APTT
assay and chromium-51 release cytotoxicity assays; 3) a statistical

analysis of the relationship between different individual
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reactivities (e.g. lupus anticoagulant and anti-platelet
reactivities), examined by analyzing SLE and normal-derived hybridoma
antibodies both together and as separate groups; and 4) an
investigation of the epitopes recognized by an interestang SLE-
derived platelet-binding autoant.bedy which reacted with ADP-
activated but not with resting plateleis.

In the first part of our studies (Chapter III), a panel of
hybridoma autcantibodies derived from normal individuals and SLE
patients was tested and analyzed for LA, anti-PL, anti-dDNA, and
anti-platelet reactivities. Since the direct binding reactivities
were tested at an early stage of hybridoma production and only
limited amounts of supernatant were available from most hybridomas,
we were unable to evaluate and adjust the Ig concentrations prior to
screening on the different antigens., However, most direct binding and
cytotoxicity assays using affinity~purified hybridoma Ig at
equivalent concentrations showed consistent results with the
supernatant studies. The data suggested that anti-platelet antibodies
may recognize different epitopes on the platelet membrane. Anti-
platelet reactivity of these antibodies was correlated with INA and
PL-binding activities, but not with LA actaivaty. Thus, many anti-PL
antibodies bound directly to platelets 1in vitro, vhile most LA
antibodies did not.

In the above-mentioned studies, SLE and normal-derived hybridoma
antibadies were analyzed as part of the same group. There was a
positive correlation seen between anti-dDNA and anti-platelet

activities (Figure 2 of Chapter 1I1II). However, when hybridoma
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antibodies were grouped according to their origin, from either SLE
patient or normal donor, the correlation analyses revealed diffevent
findings. Among the normal-derived antibodies, there was a strong
positive correlation seen between anti-platelet and anti~-dDNA
activities, but among SLE-derived antibodies, there was no
correlation between these two reactivities (Figure 1 of Chapter 1V),
These results suggested that normal and SLE-derived antibodirs may
differ and led to the second part of our studies (Chapter IV), 1u
which the binding and functional activities of SLE and normal-derived
hybridoma antibodies were compared. The data demonstrated that
hybridoma platelet-binding autoantibodies derived from SLE patients
exhibited greater antigen specaficity and functional activity than
samilar antibodies derived from normal individuals, suggesting that
SLE and normal-derived polyspecific platelet-binding hybridoma
antibodies may bind to different eprtopes on platelets o1 bind to
platelets via different mechanisms.

An 1nteresting SLE-derived hybridoma antibody, 9604, was noted
in these latter studies., In coatrast to most other hybridoma
antibodies, which displayed consistent reactions 1i1n direct binding
assays on live platelets (by RIA) and on glutaraldehyde-fixed
platelets (by ELISA), antibody 9604 did not bhind to fixed intact
platelets in ELISA, but did react wath live platelets i1n RIA, [t was
also strongly cytotoxic to platelets 1in vitro. We postulated that
antibody 9604 might react with an antigen(s) which 15 normally not
expressed on resting platelets, Further experiments (Chapter V) to

identify the 9604 reactive epitopels) demonstrated that antibody 9604
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did not bind to fixed 1intact resting platelets, but reacted with
freeze-thawed lysed platelets and with fixed ADP-activated platelets
in ELISA, Western blotting analysis 1dentified specific 9604 reactive
epitopes on reducible polypeptades of approximately 200,000 and
32,000 M.W. The finding that antibody 9604 binds to proteins present
on activated but not on resting platelets suggests that additional
factors may be required to explain the pathogenetic role of this kind
of lupus autoantibody. These addational factors could include other
autoantibodies or serum factors which induce platelet activation and
thus permit the binding of 9604-1like antibodies to actaivated
platelets, and possibly, immune damage by these antibodies.

The objective of the fourth part of our studies was to examlne
the effects of SLE autoantibodies on ECs and on the anteractions
between ECs and platelets (Chapter VI). Usaing the same panel of
hybridoma antibodies as was studied for platelet reactivity, fewer
antibodies were found to bind to ECs than to platelets by ELISA and
Western blotting analysis. Experiments examining the effects of these
antibodies on the adherence of platelets to ECs and the cytotoxicaty
of these antibodies to ECs were repeated numerous times using
different procedures., However, no consistent positive results have
been obtained to date. This may reflect a true lack of functional
effects of these hybridoma antibodies on ECs, or altermatively, may
be due to the differences between ECs present in arteries, veins and
capillaries, and to certain methodological problems which arise in
working with cultured ECs.

Several general conclusions may be drawn from all of the data
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obtained in the above studies: 1) The direct banding and
cytotoxicity of SLE-derived hybridoma autoantibodies to platelets
suggest that these antaibodies may play a darect role 1n vivo 1in
causing some disturbances of hemostasis in SLE patients, 2) Western
blotting studies and statistical analysis of antibody bdinding
reactivities suggest that SLE-derived platelet-binding antibodies mav
react with different epitopes on platelets or band to platelets via
different mechanisms than normal-derived antibodies. Furthermore,
SLE-derived antibodies exhibited more specific binding and preatex
functional actavity than normal-derived platelet-binding antibodies.
3) The characterization of an SLE-derived platelet-binding antibody,
9604, demonstrated that some SLE-deraived autoantibodies are able to
distinguish between resting and activated platelets. Taken together,
these data suggest that several kinds of autoantibodies may be
involved in causing hemostatic daisorders in SLE patients. Although
our studies provide some isight into  the 1nvolvement of
autoantibodies 1n hemostatic abnormalities seen in SLE patients, much
work remains to be done 1n determining the precise epltopes
responsible for the binding of these antibodies to platelets.

There 1s no doubt that platelet-binding antibodies can he
detected 1n both sera (55-59) and hybridoma autoantibodies (76
derived from SLE patients. Efforts have been made to 1identify the
epitopes on platelets responsible for autoantibody binding (53,3%9).
Platelet target antigens of approximately 108,000 and 66,000 M.W,
(58) and 120,000 and 80,000 M.W. (59) were found for some 5LE scra.

In our studies (Chapter V and VI), we have demounstrated that SLE-
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derived autoantibodies can baind to certain epitopes on platelets and
ECs. One antibody, 9604, reacted wath a 32,000 M.W. polypeptide on
platelets and a 200,000 M.W. protean present on both platelets and
ECs, while another antaibody, 9500, was reactive with a group of
proteins in ECs with relative mobilities similar to actin
(approximately 45,000 M.W.). Antibody 9604 was able to distinguish
between resting and activated platelets, suggesting that the reactive
epltopes may be present on activated platelets, but not on resting
platelets, and may be related to platelet activation antigens, some
of which are analogous to VLA family of proteins (222,227). Further
1dentification and characterization of the platelet and EC proteins
reactive with these hybridoma autoantibodies may provide a better
understanding of the biological functions and significance of these
proteins. Furthermore, the i1n vivo effects of these autoantibodies on
these proteins may help to explain the mechanisms which result in
hemostatic abnormalities 1in SLE patients. Production of mouse
monoclonal antibodies  which mimic the binding and functional
properties of these human hybridoma autoantibodies could provide
useful antibody probes and would help to overcome the technical
difficulties 1nherent 1n producing large gquantaties of haighly
purified human hybridoma antibodaes.

Platelet aclivataion results not only 1in changes i1n surface
protein antigens (173-185), but also in a rearrangement of platelet
membrane PLs. In particular, PE 1s exposed on the activated but not
on the resting platelet surface, as detected by trinitrobenzene-

sulfonate (TNBS) labeling (125), It will be important to examine
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whether antibodies reactive wath PE (located mainly on the inside ot
the platelet membrane 1n restang platelets) or waith other PLs, and
which do not bind to intact resting platelets, are able to bind to
actaivated platelets.

As dascussed above, 9604~11ke antibodies or other antibodies
which bind to activated but not to resting platelets may require the
action of additional antibodies or factors on platelets to permit
their banding and subsequent effects., Further exploration of the
individual and cooperative role of these antibodies 1n 1mmune patho-
genesis 1n SLE may reveal a kind of autoantibody cascade mechanism.

Althovgh some authors have proposed that LA may inhibit the
production and/or release of PGI,, and thus promote thrombosis, most
of these observations have been made 1n vitro using antibodies
derived from plasma or serum (150,268,278-280). Furthermore, 1
controversy exists as to whether LA antibodies affect PGI_, production
(282,283). The discrepancy between the results from difterent
laboratories may result from the use of ECs from difterent tissue
sources (vascular tissues compared with cultured human umbilical vein
ECs) or to the presence of autoantibodies other than LA 1n SLE sera,
These 1ssues can be directly addressed by examining the influence ot
monoclonal hybridoma autoantibodies with defined reactivities on PGI,
production by ECs and on TXA, production by platelets,

The use of human hybridoma autoantibodies from SLE patients and
patients with other autoimmune hemostatic ahnomalities should
provide a valuable approach to elucidate the mechamsms by which

autoantibodies result in various disturbances of hemostasis.




CHAPTER VI1I

STATEMENT OF ORIGINALITY

~ The platelet and endothelial cell-binding properties of a
panel of human hybridoma lupus anticoagulant, anti-phospholipid and
ant1-DNA autoantibodies were assessed and the relationship between

these different reactivities was analyzed.

Chromium-51 release assays were developed to test the
cytotoxic cffects of hybridoma antibodies on platelets and

endothelial cells,

The direct binding reactivities and functional characteristics
tcytotoxicaty to platelets and endothelial cells, and lupus
anticoagnlant  actavitv) of SLE-derived hybridoma antibodies were

compared with normal -derived antibodies.

~ A technique using the parental human lymphoblastoid GM 4672
cells as a feeder layer was developed and successfully employed in

cloning the hvbridomas,

A procedure for 1soelectiic focusing of human hybridoma IgM
was developed to 1dentify the monoclonalaty of the hybridoma

antibodies,

~ An SLE-derived human hvbridoma autoantibody, 9604, was shown
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to react with reducible polypeptides which were preseut ou ADP-
activated platelets, but not on the cell swmrface of resting
platelets. These 9b04-reactive platelet polypeptides have been

1solated and partially characterized.
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Legend to Table 1

~ The *!'(r-release assay procedure 1s described in Chaptexr VI,

" Freshly reconstituted rabbat serum (GIBCO, Grand Island, NY)) was
used as the complement source,

¢ Fach value represents the mean of duplicate samples,

* The values shownr n bhold praint represent positive ryeactions,

“ N = not done.

¥ The cut-oft value, above which a result was considered positive,
wias  calculated trom the wean plus 2 SD of 4 contiol samples,
inelud i, S.R. (spoutaneous 1elease), HigM (humaa IgM), PBS-A
butter and HT medium, and was 18.3 for hybridoma supernatants and
7.2 1oy affimty-pmatied antibodies.

Objective and Conclusion:

This experimment  was pervformed to exawine whether 1ncreased
hybridoma  aut thodv—1nduced *!'Cr release from platelets was due to
ant thodv~dependent complement-mediated cytotoxicity or Lo complement-
independent mechanisme, such as 1elease of platelet granule contents.

The results demonstirate that the etfects of the antibodies on
platelets occuried onlv 1n the presence ot complement, indicating
that the ncreased "0 1elease was caused by complement-mediated
cvitotexice ettects ol these antibodies,
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Table 1. Hybradoma Antibody Induced Chromium-51 Reliease from

Platelets an the Absence and Prescnce of Complement®

sicr-Release from Platelets (%)

Hybridoma Supernatants Purifred Antibodies
complement® Comp lement
+ -— t -

3200 25,7<-4 1.1 12.1 6.9
9604 27.5 14.b 14.2 7.2
9700 28.9 14,9 11.1 6.0
9703 19.7 Ib.) ND~ ND
9705 28.4 15.8 5.4 6.9
960) 20.1 13.9 7.9 .5
9500 ND ND 13.3 6.2
9502 18,1 16.5 15.9 7.0
1200 18.3 15.9 ND ND
B3123 fb.9 14.5 7.} 6.0
B109 Ib.3 14.5 b4 b
B110 17.1 15.4 0,7 6.7
Blll 17.1 16.3 b8 hoH
10031 ND ND h.1 6.l
S.R. 18.3 14.2 .8 hao2
PBS-A ND ND b, Y 6.8
HT medium 1b.4 15.3 ND ND
HlgM 15.0 15.5 h,6h 6.5

Mean * 2 SD* Ib.6 ¢ 1.7 b, 2 1.1
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Legend to Table 2

» Platelets were solubilized 1n SDS sample buffer containing 2-
mercaptoethanol and run under reducing conditions 1n an 8-12%
gradient SDS  PAGE. The procedure for Western blotting was the same
ds that descrihed 1n Chapter V], The antibodies used 1n these
experiments  were  diluted according to instructions provided with
the purchased antibodies or suggestions from thear laboratories of
Ooripn,

Y Relative mobilities were calculated from a standard curve of hagh
ad low moleculdar welght standards (Bio  Rad, Richmond, CA) run 1n
the same gel, The letters following the mobiliaties represent the
streupth ot the bands: s for stiong, m for medium. and w for weak,

CAntabhodies were kindly proviaded by Dr. J.-L. Senecal,

* Autabodies and lectins were purchased from Sigma (St, lLouis, MO),
The  oytoskeletal proteins used as antigens to preparve  these
anti1bodies were 1solated from chickens,

e Antibody was kindly provided by D, P. Bockenstedt,
' Antibody was purchased trom Serotec (Blackthoru, England:s.
" Autarbodies were Kindly provided by Drs. K ' Crae and D, Cines,

" When platelet  proteains were run  under non-reducing conditions,
teact ive bands were seen with approxaimate MW, of 80,000 (s) and

120,000 tm),

Objectave aud Conelusion:

Western blottoag analvses wers pertormed using various
antithodies ot known  speciticities w11 order to 1dentafy platelet
moterns with mobihities simitar to  those reactive with the human
hvb rdoma autoantibodies,

The jesults show that most ot the defined platelet protein bands
were not similar to the hybridoma antibody reactive protein bands,
with the exception ol actin, to which wmanv of the hybridoma
aut thodires bound.
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Table 2., Reactivities of Antibodies with Defined Specificities

with Platelet Proteins

Defined Specific
Antibodies/Reagents

Anti-Cytoskeletal Proteins:

Mouse anti-actin< 1:1000
Mouse anti-tubulin® 1:250
Mouse anti-vimentin< 1:150
Guinea pig anti-vimentin® 1:250
Mouse anti-cvtokeratin 1:75
Mouse anti-desmin< 1:100
Human anti-m:cirofilament®
Rabbat anti-actin? 1:50
Rabbit anti-troponyosin® 1:200
Rabbat anti-a-actinin? 1:500
Rabbit anti-spectrin? 1:400
Goat anti-tilamin® 1:100

Mouse anti-vinculin® 1:100

1:40

Mouse anti-myosin (Fast)® 1:500
Mouse anti-myosin
(L chain)? 1:400

Anti-Platelet—Associated Proteins:

Goat anti-Protein 5= 1:1000
Mouse anti-GPIb (MCA226)f 1:200
Mouse anti-GPILb (B1B5)® 1:400
Mouse anti-GPl1Ila (SSA-6)= 1:20
Wheat Germ Agglutinin® 1:100
Concanavalin A9 1:100

1n Western Blotting Analvsis®

Mobilities of Reactive Bands®

45,000(s)
47,500(w) .,
64,000(w), 97,000(w}, 120,000(m),
170,000(n), >200,000(w)

54,500 - 65,000

120,000tw), 170,000(w)

No visible band

No visible band

53,000 - 62,000tm)

31,000 - 41,5000m)

97 .,000(w)

No visible
39,000(m)

78,500tw),
115,000(s)
No visible

55,000(m)

band

86,500(s), 34,0000w)

hand

No visible band

55,000(w), 105,000(w)
25,000(s8),
27.,000(s),
No visible hand”™
No visihle band

80,000(s), K2,0000(m)

5H,000(5),
120,000 (m)
25,0001 %)
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Legend to Table 3

" The assay was performed on live endothelial cell monolavers and the
procedure 15 described 1n Method 2 of the Appendices.

¥ Rabbit anti-Factor VI antiserum was Kindly provided by David Bell
and . H. Goldsmith,

“ The procedure for preparing human umbilacal EC and faibroblast
monolavers in miciotiter plates 1s described in Chapter VI. The
fibroblast cell Piue, GMIO-TS, from fetal skin was kindly provided
by Di. E. Golds,

Y Each value represents the mean of duplicate samples.

Objective and cConclusion:

This binding assay was performed to demonstrate that ECs and not
otheyr adherent cells were coated to the plate 1n our EC ELISA. Factor
VITE antipen 1s present oulv on ECs, platelets, and megakaryocytes.

The 1esults demonstrate that the cells prepared from human
umbilical veirns and used to coat the ELLISA plates 1n these
experiments are ECs., Rabbit anti-Factor VIII antibodies bound to ECs
- a dose—-dependent manner, but did not bind to the fibroblast
control cells, The normal rabbit serum contiol did not react with
cither ol these ¢ells,




Table 3. Binding of Rabbit Anti-Factor VIII Antibodies to

Human Endothelial Cells and Fibroblasts=

Serun® Binding to Cells (OD4,10)

Dilution Endothelial Cells® Fibroblasts:

Rabbit Anti-Factor VIII

1:20 0,21 0.04
1:40 0.l6 0
1:80 0.1 0
1:160 0.01 0
1:320 0.01 0
1:640 0 0
1:1280 0 0

Normal Rabbit Serum

1:20 - 1:1280 0 0

PBS Buffer 0 0

0.5% BSA 1n RPMI 1640 0 ¢
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Legend to Table 4

~ JTmmulou=2 plates (Dynatech, Alexandria, Virginia) were coated with
fibrinogen (5 wg/ml) 1n 0.0% M sodium borate buffer, pH 8.6 for 18
hours at 4°C, The assay was pertormed using the same procedure as
that described for the platelet-binding ELISA (Chapter VI),

" lach value represents the mean of duplicate samples.

* All of the samples were hybridomd culture supernatants, except for
9604 1pM, which was affainity purafied antibody.

Objective and Conclusion:

This experiment was performed to exclude the possibilaty that the
platelet-binding activity of the hybridoma antibodies, in particular,
9604, was due to with reactivity with tibrinogen, which binds to
activated platelets,

The data -hows that nost antibodies, 1ncluding 9604, did not react
with tibiiogen tn 4 dirvect binding ELISA.




Table 4. Banding of Hybradoma Antibodies to

Fibrinogen bv ELISA®

Hybridoma Binding to Fibrinogen (0D4,0)
Buffer 0.01%
B109 0.01
B11C 0.01
B105 0.1}
B122-2 0.12
4003 0.71
134 0.10
600 0.0l
1104 0.0}
1200 0.05
1305 Q.24
1407 0.02
1420 0.04
4603 0.02
Y004 0.02
9604 1gM= 0.02
9702 0.01
3703 0.06
9705 0.02
3706 0.03
B3123 0.02

B3700 0.02
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Figme |, Spontaneous Release of Chromium-51 from Platelets and
Fndothelial Cells
tibjective and Conclusion:

These are vesults of prelaminary experiments done prior to
testig the cvtotosicaty of the hybridoma antibodies to platelets and
ECs. These experiments were performed tu determine the optimal
ncubat ron tme tor "'Cr-irelease assavs on platelets and FCs. The
“er-release assay procedures on platelets and ECs are described 1in
Chapters 1V and VI, respectively.

The r1esults show that the optimal incubation period was between
1 to ! homs tor both platelets and ECs, as the spontaneous 5Cr-
telease did not sipniticantly ancrease during this time. Spontaneous
“tCr=release was much gireater and increased more rapidly for ECs than
platelets at all time points,
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Figure 2, Time-Dependent Binding of Hybridoma Antibodies to Lave
Platelets
Objective and Conclusion:

The platelet-binding RIA was performed on live platelets and e
described 1n Chapter II1.

The results of this experiment demonstrate that different
hybridoma antibodies showed different kinetics of binding to live
platelets, Nomplatelet-binding antibodies BIIQ and 1000 did uot bhaind
to live platelets after any length of incubation, Platelet—-hinding
antibody 9500 showed highest binding to live platelets between 1-17
minutes and 9703 showed highest hinding during the first nrante, and
both showed a4 slight decrease thereaftter, while antibody 9604 <howed
a time-dependent increase 1n binding between =15 minmites,




Figpure 3, Western Blotting Analvsis of Platelet Proteins using 9604
Hybridoma Supernatants of Cells Kept in Culture for
Difterent Periods of Time

SDS PAGE was run under reducing conditious and the procedure for
Western blotting was the same as that described 1n Chapter V1, Lanes
I and 2 MW, standards and whole platelet proteins, respectively,
stamed with amido black; Lanes 3 to 18: whole platelet proteins
hlotted with hyvbridoma 9604 culture supernatants harvested from cells
kept 1o culture for ditterent periods of time,

Objective and Conc lusion:

The  biaduy,  properties of 9004 supernatants harvested from
hvbrtdoma cells atter being kept in cultwe tor different periods of
time were examined by Western blotting in order to attempt to explain
the ancreased polvspeciticity of some 9604 hvbridoma supernatants.

The results demonstirate that the binding chdaracteristics ot the
ant 1body secveted by hybridoma 9604 did become more polvspecific with
time 1o cultuwre,  An aliquot  of the original 9604 cells frozen in
1980, was thawed 1n October, 1488, and that supernatant (10/21/88)
showed  comparable  binding  properties (o the early supernatants
hairvested tn 1486,
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Fipture 4. Western Blotting Analvsis of Isolated Platelet Proteins and
kndothelial Cell Proteins with Antibody 9604

Flatelet proteins were isolated by an electroelution procedure
whirh 1s described 1n Chapter V., Briefly, platelet proteins were
separated by SDS PAGE. Gel bands with mobilities of M.W. 200,000,
12,000 and 31,000 (1.e. those bands with which antibodv 9604 might be
teactive) were  cut and  electiveluted. The electrveluted materials
were dialyeed  apainst PBS  and concentrated., Then, the coucentrated
protern solutions were centiafuged at 9,990 » g and the precipitates
tinsoluble components) and  supernatants  (soluble  components) were
used 1 this experiment.

In this  expermment, SDS  PAGE was run undey reducing conditions
and We«tern blotting analvsis wdas perfoimed as in Chapter V.,
Lane 1 MW, «taudards staimmed with amido black: lLanes 2 to 7 were
all blotted with antibody 9604, In lanes 2 and 3, supernitant and
precipitate, yespectaively, of the electroeluted preparation with a
mohility of  approximately 200.000 M.W,; Lanes 4 and 5: supernatant
apl precipitate, respectivelv, of the electroeluted preparation with
d umobirlity ot approximately 32,000 M.W.; Lane 6 and 7: supernatant
and proecapttate, respectively, of the electroeluted preparation with
a mobiiity  of appronimately 31,000 M.W.: Lane S: whole EC prolelns

biotted with antibody 9604,

Objective and Conclusion:

The  identatication and  1solaton of  9604-reactive platelet
proteius was  done to turther characterize the brological function of
these protemns and the precise etfect of antibody 9604 on platelets,

The data obtained here contiim that these 9604-reactave platelet
coumponents were  successtully 1solated and retained their reactivaty
atter electioelution. The Y9604-reactive polvpeptide of 200,000 MW,
1~ miesent i the precipitated traction tinsculuble an PBS), and the
polvpept ide ot 32,000 MW, 1n the supernatant (soluble 1n PBS). No
tedactivity was seen with the 31,000 M. W, baud.
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Figure 4
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Method 1. Preparation of Hybradoma aAntibody Affiniaty Columns

Aft tnitty columis were prepared for the 1solation of platelet
proteins reactive with hybridoma autonantibodies,

1) Humanu hybridoma 18M, purified on an affinity column of CNBr-
actvated  Sepharose 4% (Pharmacla, Uppsala, Sweden) conjugated to
vabbit anti-human IgM. was dialyzed against «coupling buffer (0,1 M
Nallco,, .5 M Nacl, pil 8.3),

2y (NBr-activated Sepharose 4R gel was swollen in 0,001 M HCL and
then washed with distilled water and coupling bufter,

31 he pel was mixed with hyvbyadoma IgM (5 mg protein per ul ot
el an coupling, butter 11 a 50 ml plastic tube and 1incubated on an
end-over-cud 1otator tor 2 hours at room tempexrature.

it Atter centritupation for 10 minutes at 1500 x g, the
supernatant was removed and the residual protein in the supernatant
wis determined by ODe .

4 The pel was then tucubated with 1 M glvcaine, pH 8,0 on an end-
over-cud rotator tor Is hours at 4°C.

6 The pel was then washed twice with 0,01 M PBS, pH 7.3 by
centittugation at 1,500 x g, packed 1nto 4 column, and washed with
PBS untl the (Dagq ot the butfey wash was zero.

7)) rhe  column was  eluted with 0.1 M glycine-HCl, pH 2.3 and then
washed with PBS unttl the 0D, ot the effluent was zero,

Sy The elution and wash steps were repeated once and the column

was kept at GB°C until needed,
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Method 2. Detection of the Binding of Hvbridoma Autoantibodies o
Rabbit Anti-Factor V111 Antibodies to Live Human

Endothelial Cells bv ELISA

1) EC monolayers were grown In microtiter plates as descyibed n
Chapter VI and cultured human fetal fibroblast monolavers weire prown
under similar conditions as the EUs.

2) The c¢ell monolavers werve geutlv washed 3 Cimes with 37 BSA
RPMI 1640 medium ¢BSA~-RPMI).

3} The cells were i1ncubated with 0.5% B5SA an RPMI 1040 medium toq
1 hour at 37°C and the mediun was discarded,

4) The cells were then 1ncubated with 79 pi/well of hvbordoma
antibody to be tested or rabbi1t anti=Factor V1L anUiserun cdiluated
serizally 1n EC medium' tor 2 homs at 37°C,

5} The cell monolayers were washed 5 tines with BSA-RIMI.

b) The cells were then 1ncubated with  atkaline phoaphatase-
conjugated goat anti-human Ig or goat anti-rabbit Ip antibody ditated

1in EC medium (100 pl/well) for 90 minutes at 37°C,

L

7) The cell monolayers were washed 5 times with BSA-RPMI.
&) One hundred microliters of  substrate  coluatiron (1 wp/wl p-
nitrophenyl phosphate disodium in 0.05 M NaCO, bhuiter, pH 9.5 was

added to each well and 1ncubated for 30 minutes al room temperature

and the plates were read at 0OD,.o uUsing a Dynatech MRAOO FIISA reader,

- o
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Method 3. Cloning of Hybridomas Using the GM4672 Cells as Feeder
Feeder Cells
The GM4672 human lymphoblastoid cell line, obtained from the
NIGMS Human Genetic Mutant Cell Repository (Camden, New Jersey), was
used as feeder. The cells were grown 1n RPMI 1640 medium containing
107 fetal calf serum.

GCM4672 Cell Conditioned Medium

The supernatants of GM4672 cells were harvested at log growth
phase (4-8 x 105 cells/ml) and used as cell conditioned medium. The
supernatant was filtered through a 0.45um Millapore filter unat
(Nalge, Rochester, New York) to remove cells and cell debris, kept at
4°C and used undiluted within two weeks,

Endothelial Cell Growth Supplement (ECGS)

ECGS was purchased from Collaborative Research Inc. (Lexington,
Massachusetts). The 1lyophilized ECGS powder was dissolved in HAT
medium  at a concentration of 5mg/ml, frozen 1in 0.5ml aliquots at
-20°C, and thawed only once. The ECGS solution was added to the

medium at 100, 125 or 150ug/ml 1mmediately prior to use.

Cioming of Hybridoma Cells

The humau-human hybridoma cells, obtained from fusions of GM4672
cells and human peripheral blood lymphocytes from 5 patients with
svstemic lupus erythematosus and 2 normal 1individuals as previously
described (22), were diluted 1in HAT medium and seeded at 1, 2 or 5
cells per well in microtiter wells (Costar, Cambridge, MA) containing
5 x 107 GM4672 cells 1n O0.1lml of HAT medaum, 0.1 ml of GM4672 cell

conditioned medium, O0.1ml of ECGS at a final concentration of 100,
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125 or 150ug/ml or O.Im! of HAT medium as control. The cells were
incubated at 37°C 1n 5% CO, and fed once a week with HAT medium, HAT
medium with GM4672 conditioned medium, or HAT medium with ECGS,
depending on the feeder layer used. In most 1nstances. giowth of

i

clones was apparent at 2 to 3 weeks, but plates weire kept tor G-5

weeks.
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Table 5. Cloning Efficiencies of Human Hybridoma Cells
Using GM4672 Cells or ECGS as Feeder Layer
Hybridoma Cell Number Subclone Number Cloning
Cells Feeder Per Well Per 96 Wells Efficiency(%)
9700 CM4672= 5 26 27.1
1 11 11.5
ECGS® 5 14 l4.6
1 3 3.1
B122 GM467?2 5 3 3.1
i 0 0
ECGS® 5 3 3.1
1 0 0
9601 GM4672 2 39 40.6
ECGS< 2 0 0
1420 GM4672 2 11 11.5
ECGS= 2 0 0
3502 CM4672 2 2 2.0
ECGS<= 2 0 0
97006 GM4672 2 1 1.0
ECGS< 2 0 0

GM4672 cells at 5x10%/ml.

b ECGS at 100ug/ml.

n

ECGS at 125ug/ml.




Table 6., Comparaison of Cloning Efficiencies Using GM4672 Cells

or GM4672 Cell Conditioned Medium as Feeder Layer

Hybridoma Cell Number Subclone Number Cloning
Cells Feeder Per Well Per 48 Wells Efficiency(®)
9703 GM4672= 5 12 25.0
2 6 12.5
GCM® 5 0 0
2 0 0
3700 GM4672 5 21 43.8
2 16 33.}
GCM 5 0 0
2 0 0
9703-5 GM4672 5 8 16.7
2 5 10.4
GCM 5 0 0
2 0 0
medium 5 0 0
2 0 0
4003 GM4672 5 11 22.9
2 9 18.8
GCM 5 0 0
2 0 0
medium 5 0 0
2 0 0
9604 GM467?2 5 21 41.8
2 12 25,0
GCM 5 0 0
2 0 0
medium 5 0 0
2 0 0
& GM4672 cells at 5x104/ml.
® GCM = GM4672 cell conditioned medium at 100ul/well.




