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Abstract
Objective-To analyse the phospholipid
binding specificity, functional character-
istics and idiotype expression of human
hybridoma derived monoclonal autoanti-
bodies (MAb) derived from the spleens of
two patients with active systemic lupus
erythematosus (SLE).
Methods-The IgM MAbs binding to
phospholipids were generated from spleen
celis of two patients (RSP and RT) with
active SLE and their specificity ofbinding
to neutral phospholipids (phosphatidyl
ethanolamine, phosphatidyl choline,
platelet activating factor, sphingomyelin)
and negatively charged phospholipids
(phosphatidyl glycerol, phosphatidyl
serine, phosphatidic acid, phosphatidyl
inositol and cardiolipin (CL)) analysed.
Binding specificity of cross reactive
antibodies (those binding to CL and DNA)
was confirmed by fluid phase inhibition
assays. Lupus anticoagulant activity and
f2-glycoprotein-l (I2 GP-1) requirement
for the antigen binding of these MAbs
were detected using the modified dilute
Russell's viper venom test and modified
anti-CL enzyme linked immunosorbent
assay (ELISA), respectively. Expression
of idiotypes (Id) Id RT-84 and Id H3 was
analysed using rabbit polyclonal and
murine monoclonal anti-idiotype re-
agents, respectively.
Results-Twelve clones from the patient
RSP and eight clones from patient RT
were reactive with phospholipids. Marked
differences in phospholipid binding of
these MAbs were noted, varying from
truly polyreactive (RT-72 bound to most
phospholipids tested) to monospecific
(RT-84 bound only to CL). Furthermore,
MAbs RT-84, RT-129, and RSP-57 had
lupus anticoagulant activity and required
P2GP-l for CL binding. It was found that
75% of phospholipid binding antibodies
from RT clones expressed RT-84 Id, but
none from RSP clones did so, and that Id
H3 was expressed only by the RT-83
antibody.
Conclusion-These results show that
human anti-phospholipid MAbs are
heterogeneous with respect to phospho-

lipid binding, functional characteristics,
and Id expression.

(Ann Rheum Dis 1995; 54: 471-476)

Systemic lupus erythematosus (SLE) is an
autoimmune rheumatic disease characterised
serologically by the presence of a variety
of autoantibodies. Antiphospholipid (aPL)
antibodies are associated with a clotting
tendency and recurrent fetal loss in a subset of
SLE patients.'"5 aPL antibodies can be
detected in plasma or serum by solid phase
immunoassays in which negatively charged
phospholipids, most commonly cardiolipin
(CL), are used as the antigen." The question
if the sera of individuals with aPL antibodies
contain a multiplicity of antibodies with
different monospecific reactivities, or if the
antibodies from these individuals are poly-
reactive has not been addressed in studies of
MAbs derived from hybridomas obtained from
human tissues. Limitations in the production
of human hybridoma derived phospholipid
binding MAbs from SLE patients have
restricted such studies in humans. We reported
a detailed analysis of the antigen binding
profile of 19 human MAbs from a selection of
245 clones derived from the spleens of two
patients with SLE.10 We have now extended
this study and analysed the binding specificity
of these aPL antibodies to a variety of
negatively charged and neutral phospholipids,
and examined their functional effects in
anticoagulation assays.
Three independent groups have reported

that the CL binding of anti-CL (aCL) anti-
bodies in the sera from patients with SLE
was dependent on the presence of the 50 kDa
serum glycoprotein, P2-glycoprotein-1 (12-
GP-1) (aCL cofactor)."'3 aCL antibodies
found in the sera of patients with various
infectious diseases bound to CL without
P2-GP-l 14 15 We have confirmed the 2-GP-1
requirement of these MAb for the CL binding
in a modified CL binding enzyme linked
immunosorbent assay (ELISA). The ex-
pression of idiotypes (Id) RT-84 and H3,
which are commonly expressed in the sera of
patients with SLE, was also analysed in these
aPL antibodies.
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Materials and methods
HUMAN SPLEEN CELLS

Cells were obtained from the spleens of
a 13 year old girl (T) and 29 year old woman
(SP), both with active SLE and both of
whom required splenectomy for severe
thrombocytopenia.

HUMAN HYBRIDOMA FUSION

The hybridomas were produced from the
spleen cells of SLE patients using the human
lymphoblastoid cell line GM4672 (Cell
Repository, Institute of Medical Research,
Camden, NJ) as the fusion partner. Generation
and characterisation of RSP and RT MAbs
were described in detail in our previous
paper. 10

PURIFICATION OF IgM MONOCLONAL
ANTIBODIES

Culture supernatants were centrifuged to
remove cells and concentrated using a stirred
cell concentrator and YM30 membrane
(Amicon, Stonehouse, Glos). Monoclonal
antibodies were purified from the concentrate
on a goat antihuman IgM-Sepharose 4B
affinity column (Pharmacia, Milton Keynes,
Bucks) and the eluate reconcentrated using the
cell concentrator.

ANTIPHOSPHOLIPID ANTIBODY DETECTION

We used the direct binding ELISA described
by Loizou et a16 to determine the reactivity of
MAbs to CL, phosphatidyl choline (PC),
phosphatidyl ethanolamine (PE), sphingo-
myelin (SM), platelet activating factor (PAF),
phosphatidyl glycerol (PG), phosphatidyl
serine (PS), phosphatidic acid (PA), and phos-
phatidyl inositol (PI) (Sigma, approximate
purity 95-99%). Briefly, half the plate was
coated with phospholipids (100 ,ug/ml) in
ethanol (Sigma) while the other half was incu-
bated with ethanol alone and evaporated over-
night at 4°C. Plates were blocked with 10%
fetal calf serum (FCS) in phosphate buffered
saline (PBS) for two hours at room tempera-
ture, then washed in PBS. Culture super-
natants from hybridoma clones were diluted
in 10% FCS in PBS and incubated for two
hours at room temperature. The plates were
washed three times with PBS and goat
antihuman IgM alkaline phosphatase conju-
gate (Sigma) at a dilution of 1 :1000 was
added, followed by substrate (paranitrophenyl
phosphate (Sigma) at 1 mg/ml in carbonate
buffer, pH 9-6). Plates were read at 405 nm
using a Dynatech MR4000 ELISA plate
reader. Final optical density (OD) values
were determined by subtracting the mean of
triplicate readings obtained in the uncoated
half of the plate from the corresponding
mean values obtained when the plates were
coated with antigens. Reactivity of the MAbs
(OD values) to each of the antigens was
graded: OD value 0-0 2 = -; 0 21-0.4 = +/-;
0-41-0-06 = +; 0-61-0-8 = ++; 0-81 and
greater = +++.

MODIFIED CARDIOLIPIN BINDING ASSAY

The standard phospholipid ELISA described
above was modified as follows. Skimmed milk
powder (1%) (Tesco stores Ltd, Herts)/0-3%
gelatin (Sigma)/PBS was used for the blocking
step. Affinity purified MAbs were diluted in
0.3% gelatine/PBS, and antihuman IgM
alkaline phosphatase conjugate was diluted
in 1% BSA (Sigma)/PBS instead of 10%
FCS. Other details remained as described
above.

ANTIGEN COMPETITIVE INHIBITION ASSAY

The concentration of MAb giving 70%
maximum binding to various phospholipids
(CL, PS, PI, and PC) in the direct binding
ELISA was established. Equal volumes of
MAbs and a range of concentrations of
inhibitors from 1 to 100 pug/ml were incubated
together for two hours at room temperature
and transferred to the wells of phospholipid
coated plates. Single and double stranded
DNA (calf thymus, Sigma), CL, PS, PC, and
PI in PBS emulsion were used as inhibitors.
The assays were completed as for the direct
binding ELISA.

PRODUCTION AND PURIFICATION OF ANTI-

IDIOTYPE RT-84
A New Zealand white rabbit was immunised by
multiple intradermal injection with a total dose
of 100 ,ug affinity purified MAb RT-84
emulsified in incomplete Freund's adjuvant. A
control rabbit received only adjuvant. Booster
doses of immunogen in incomplete Freund's
adjuvant were given on days 30 and 40. Sera
were obtained on day 55 and tested for
reactivity against MAb RT-84 and human IgM
in a direct binding ELISA.

Polyclonal anti-Id serum was rendered Id
specific by repeated passage through an
immunoaffinity absorbent column containing
pooled human Ig linked to Sepharose 4B and
further positive purification on an RT-84
MAb-Sepharose 4B column, eluting the bound
anti-Id antibodies with 0 1 molJl glycine
hydrochloride (pH 2 3). The rabbit anti-Id
reagent was shown to be Id specific using a
direct binding ELISA.'6

DETECTION OF LUPUS ANTICOAGULANT

ACTIVITY
The ability of MAbs to prolong phospholipid
coagulation tests (lupus anticoagulant activity)
was determined using the modified dilute
Russell's viper venom time test (DRVVT). 7 In
brief, 0*1 ml of the cell culture supernatant, or
RPMI, was mixed with 0-1 ml normal plasma
and 0-1 ml dilute phospholipid reagent (or
freeze-thawed platelets); 0-1 ml Russell's viper
venom was added and after incubation for 30
seconds clotting was initiated by the addition
of 01 ml 0-025 mol/l calcium chloride. The
presence of lupus anticoagulant activity was
characterised by a ratio of test to control
clotting time of > 1 1, which should decrease by
greater than 10% or to within normal limits
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when freezed-thawed platelets are used instead
of the phospholipid reagent.

DETECTION OF IDIOTYPE RT-84

Halfthe wells ofthe immunoplates were coated
with rabbit anti-RT-84 Id (2-5 .ig/ml)
overnight at 4°C and the remaining wells were

coated with immunoglobulins (Ig) purified
from control rabbit sera, at an equal
concentration. Non-specific binding was

blocked with 2% BSA in bicarbonate buffer.
Samples of human sera at a dilution of 1:100
in PBS-Tween-1% BSA were added in
duplicate to wells in both halves of the plate
and incubated for one hour at 37°C. Bound
human Ig was detected using goat anti-human
IgM Fab2 alkaline phosphatase conjugate
(1:500) (Sigma) followed by addition of
substrate (1 mg/ml di-nitrophenyl phosphate
(Sigma)) in carbonate buffer, pH 9-6. Plates
were read at 405 nm using a Dynatech
MR4000 ELISA plate reader. The OD values
obtained on the rabbit IgG control side were

subtracted from those obtained on the anti-Id
side.

DETECTION OF THE H3 IDIOTYPE

ELISA plates were coated with purified Ig
preparations of the mouse monoclonal anti-H3
Id, S2.918 or a negative control FMC8;'9 both
are IgG2b class antibodies. Coating was

achieved overnight at 4°C at a concentration of
2 ,ughml. Culture supernatants from the human
hybridomas were applied to these plates and
the binding of human IgM detected with
alkaline phosphatase labelled anti-human IgM
(Silenus, Hawthorn, Victoria). H3, a human
hybridoma antibody reacting with CL20 was

used as a positive control. This IgM carries an

SLE associated idiotype defined by the S2.9
monoclonal antibody.'8

Results
The frequency of clones obtained from two
human-human hybridoma fusion experiments,
RSP and RT, and the nature of the
immunoglobulins secreted by those clones
have been described elsewhere.'0 Monoclonal
antibodies from both fusions bound to
negatively charged (PA, PI, PG, PS and CL)
and neutral (PE, PC, PAF and SM)
phospholipids (table 1). Some MAbs bound to
all the phospholipid antigens (for example
RT-72), whereas others reacted with a

restricted number of phospholipids (for
example RT-84). Monoclonal antibodies
RT-84, RT-129, RT-79, RT-72, and RT-115
had previously been shown to react with either
ssDNA or dsDNA in addition to CL.'0

Figure 1 shows representative examples of
the direct phospholipid binding profiles of the
MAbs which were confirmed by the fluid phase
inhibition assays.

Binding of RT MAbs to CL in the ELISA
was not affected (fig 2) when these antibodies
were preincubated with either ssDNA or

dsDNA in the fluid phase. The same was true
for RSP MAbs which did not react with
ssDNA or dsDNA in the direct binding
ELISA.
The affinity purified MAbs RT-84, RT-129

and RSP-57 all bound poorly to CL in the
modified aCL ELISA (fig 3). However, when
10% FCS was used as diluent of antibodies, all
three purified MAbs bound to CL.
When the functional characteristics of

these antibodies were analysed using phospho-
lipid DRVVT and platelet DRVVT, three
MAbs, RT-84, RT-129 and RSP-57, were

found to have lupus anticoagulant activity
(table 2).
With the exception of RT-83 and RT-72, all

the other phospholipid binding antibodies
(75%) derived from the RT fusion expressed
the RT-84 Id, which was originally identified
on MAb RT-84. In contrast, none of the RSP
antibodies expressed Id RT-84. The antibodies
screened with the mouse monoclonal anti-H3
Id antibody (S2.9) failed to show any binding
above background, except for RT-83 for which
the OD value of 1X65, compared with the
background of 0 05, was regarded as positive.
In the same assay, H3 positive control gave an

OD of 1-26 against the background control
of 0-05.

Discussion
In our previous paper'0 we demonstrated that
the antigen binding specificity of two sets of
MAbs (RT and RSP) reflected the serum

antibody specificity of those patients from
whom the spleens were obtained. Briefly the
serological profile of patient RSP (weak
positive ANA, negative anti-dsDNA, strong
positive aCL antibody) was reflected in the
clones derived from her splenic lymphocytes
as, in those clones (RSP), aPL antibody
producers were relatively common, but none

bound to DNA. In contrast, the antibodies
derived from patient RT bound to nuclear

Table 1 Phospholipid binding specificities ofsome selected monoclonal autoantibodiesfrom RT and RSPfusions

Phospholipids Human hybridoma derived monoclonal antibodies

RT-16 RT-55 RT-72 RT-79 RT-83 RT-84 RT-115 RT-129 RSP-3 RSP-6 RSP-13 RSP-18 RSP-57

Neutral
Phosphatidyl ethanolamine +++- - - - - - - -
Phosphatidyl choline + - +++ + - - + + - +
Platelet activating factor - - + - - - +
Sphingomyelin - + + + _ +

Negatively charged
Phosphatidyl glycerol + - - - + - - - + ++ + ++ +
Phosphatidyl serine - - + - - - - - + ++ - +
Phosphatidic acid - - + + - - - - + ++ - ++ +
Phosphatidyl inositol + - ++ - + - - + ++ - ++ +
Cardiolipin - ++ + +/- ++ + + ++ +++ +++ +++ +++
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Figure 1 Inhibition of monoclonal antibodies by phospholipids in the fluid phase antigen inhibition assay. RT-57, RT-72,
RT-84, RT-129, RSP-18, RSP-57 = monoclonal antibodies ofpatients T and SP; PBS = phosphate buffered saline;
PS = phosphatidyl serine; PC = phosphatidyl choline; PI = phosphatidyl inositol; CL = cardiolipin.

components and phospholipids and the same

profile was found in her serum. In this study
we have further analysed the fine specificity of
phospholipid binding, and the functional
characteristics and Id expression of the two sets
of aPL antibodies.
These antibodies are mainly of the IgM

isotype and many IgMs produced from human
tissues are polyreactive immunoglobulins.2' 22
Although some of the IgM antibodies
described do react with several phospholipids
(table 1), what is far more impressive is the
restriction observed in the antibody binding
profiles. Thus some monoclonals (for example

ds DNA;

ss DNA

RT-84, RT-55) recognised a single phospho-
lipid antigen, others (RT-16, RT-129) recog-
nised just two or three, while a third group of
antibodies (RT-72, RSP-6) bound to most of
the phospholipid antigens.

Studies using an array of phospholipid
antigens have shown that autoantibodies in
patient sera are serologically polymorphic.23 24

In the present study using several hybridoma
derived human MAbs, we have shown that
human phospholipid binding MAbs are also
serologically polymorphic with respect to their

1.5 RT-84 + FCS

I* RT-129 + FCS
A RSP-57 + FCS

E -u
C

LO
0

0

o)0.5-

0 20 40 60 80

Inhibition (%)
Figure 2 Competitive inhibition assay. Binding ofhuman
monoclonal antibodies RT-84 (U), RSP-57 (O), and
RT-72 (LI) to cardiolipin attached to the plate was
inhibited by 50 p,g/ml cardiolipin (CL) but not by 50 ,ug/ml
ssDNA or dsDNA in the fluid phase.

0.1 1 10

Monoclonal antibody concn (,ug/ml)

Figure 3 Binding of monoclonal antibodies (RT-84, RT-129,
RSP-57) to cardiolipin in the presence and absence offetal
calf serum (FCS), assayed by standard and modified
cardiolipin ELISAs. Gel = Gelatine; OD = optical density.
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Table 2 Lupus anticoagulant activity ofmonoclonal
antibodies (MAb). RT-84, RT-129, and RSP-57 all
demonstrated activity (DRVVT ratio >1 1)

MAb PhospholipidDRVVT Platelet DRVVT
ratio ratio

RT-55 1 00 NT
RT-72 1-06 NT
RT-79 0 97 NT
RT-83 1-03 NT
RT-84 1-34 1-21
RT-115 1.00 NT
RT-129 1-39 1-22
RSP-3 1-03 NT
RSP-6 1-06 NT
RSP-13 1-03 NT
RSP-18 100 NT
RSP-57 1-42 1-17

DRVVT = Dilute Russell's viper venom test; NT = not tested.

capacity to react with a wide diversity of
different phospholipids.

Antibodies binding to negatively charged or

non-bilayer phospholipids are associated with
the immunopathogenesis of autoimmune
diseases such as SLE2"28 and antibodies
binding only to neutral phospholipids are
mostly detected in infectious diseases.29
Among our selection of antibodies, some

bound only to negatively charged phospholipid
antigens, including MAbs RT-84 and RSP-57
which bound to CL only or to CL, PI, PA, PS,
and PG, respectively. Other MAbs reacted
with both negatively charged and neutral
phospholipid antigens: these antibodies may be
recognising common epitopes on different
phospholipids. This finding also excludes the
possibility that IgM aPL antibodies bind non-

specifically to various charged molecules.
The modified CL binding ELISA showed

a requirement for 10% FCS (a source of
P2-GP-1) for the binding of purified MAbs
RT-84, RT-129, and RSP-57 to CL in the
solid phase. This suggests that these antibodies
are representative of serum aCL antibodies
from SLE patients which require the co-factor
32-GP-1 for antigen binding. '1-13
Most of the RT MAbs studied bound to

both DNA and phospholipids.'0 This type of
IgM antiDNA antibody is regarded as being
cross reactive, by binding non-specifically to
charged molecules. Inhibition of antibody
binding to phospholipids, attributable to
phospholipids present in the fluid phase in
the competitive inhibition assays, further
confirmed the phospholipid binding specificity
of these antibodies. However, in the cross

antigen competitive inhibition assay, the DNA
in the fluid phase did not affect the binding of
these antibodies to CL. This finding suggests
that the functional affinity of these antibodies
to phospholipids is greater than that to DNA.
Although all RSP antibodies but one bound
exclusively to negatively charged phospholipids
and most of the RT antibodies bound to both
negatively and positively charged phospho-
lipids, there was no marked difference between
these two sets of antibodies regarding
phospholipid binding.
The expression of lupus anticoagulant

activity by the MAbs RT-84, RT-129, and
RSP-57 emphasises the point that IgM aPL
antibodies do not merely bind to phospho-

lipids, but they also have functional anticoagu-
lant properties.
We further analysed the expression of two

Ids, Id RT-84 and Id H3, originally identified
on MAbs RT-84 and H3, respectively. The H3
Id is defined by a mouse MAb S2.9.'8 Among
the selection of aPL antibodies we studied,
one, MAb RT-83, expressed H3 Id.
Interestingly, both MAbs H3 and RT-83 have
IgM X light chains, suggesting that this is where
H3 Id is likely to be located. H3 Id is
commonly found in patients with SLE, in
whom it is correlated with the amount of aCL
antibodies.30 No correlation between the
amount of aCL antibody and H3 Id was found
in patients with infective diseases (for example
syphilis). Expression of Id H3 on a
phospholipid binding MAb derived from
another SLE patient further supports the view
that this Id is related to SLE. RT-84 is a DNA
binding antibody'0 with aCL activity. Id RT-84
is defined by polyclonal rabbit anti-RT-84 sera
and this Id is expressed in 40% of SLE
patients.3' Using anti-RT-84 reagent, it was
found that 75% of aPL antibodies from RT
fusion expressed Id RT-84, but none from the
RSP fusion did so. This finding suggests that,
although these two sets of antibodies (RT and
RSP) bind to the phospholipid antigens, they
differ in their idiotype markers.
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