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Abstract

Splenic B cells from normal and autoimmune mice were trans-
ferred to MHC-compatible xid recipients. Monoclonal anti-
bodies were secreted by the transferred B cells in splenic frag-
ment cultures. These antibodies were evaluated for reactivity
and cross-readtivity against a panel of six autoantdgens and two
conventional antigens using an ELISA assay. The autoantibod-
ies and conventional antibodits produced in splenic fragment
cultures by normal DBA/2 and autoimmune NZBB cells ex-
pressed similar degrees of antigenic cross-reactivity.

Previous studies have demonstrated that ELISA assays of
splenic fragment culture supernatants detect antibodies with
affinities of 5 X 106 M' or greater. Wetherefore also analyzed
the cross-reactivitywof monoclonal antibodies derived from hy-
bridomas. This permitted an assessment of antibodies with
lower binding affinities. Cross-reactivity was detected more
frequently among these hybridomas. Consistent with our ear-
lier observations, hybridoma antibodies specific for conven-
tional antigens exhibited cross-reactivity with a frequency sim-
ilar to that of antibodies specific for autoantigens.

Introduction

Systemic lupus erythematosus (SLE) in humans and animals is
characterized by the presence of elevated levels of serum anti-
bodies reactive with a variety of self-antigens, including cell
membrane molecules, cytoplasmic proteins, and nuclear de-
terminants (1, 2). Two divergent models have been proposed
to explain the diversity of autoantibodies produced in SLE.
The first holds that many different B cells are activated and
that each B cell produces antibodies reactive with a single
self-antigen. The other model holds that far fewer B cell clones
are activated, but that these cells produce antibodies that are
highly cross-reactive.

In the first model, autoantibodies and conventional anti-
bodies are viewed as having similar levels of cross-reactivity
and as arising from a commonpool of B cells. This differs from
the second model, where unique subsets of B cells (such as
those expressing the Lyl surface marker or utilizing unmu-
tated germline Ig genes) are believed responsible for most au-
toantibody production (3-5). Differentiating between these al-
ternatives has major implications concerning the etiopatho-
genesis and treatment of SLE. Evidence supporting the second
model includes (a) isolation of B cell hybridomas capable of

Address reprint requests to Dr. Klinman, Bldg. 36, Rm. 5D 06, Na-
tional Institutes of Health, Bethesda, MD20892.

Received for publication 19 March 1987 and in revised form 9
February 1988.

The Journal of Clinical Investigation, Inc.
Volume 82, August 1988, 652-657

secreting highly cross-reactive autoantibodies (6-9), (b) detec-
tion of cross-reactive autoantibodies in the serum of autoim-
mune animals (10), (c) preferential utilization of 3' IgVh region
genes by autoantibody-producing hybridomas (5) and (d)
identification of Ly 1 + B cells and determining that they con-
tribute disproportionately to the production of autoantibodies
(3, 4). In contrast, it has also been demonstrated that autoanti-
bodies are similar to conventional antibodies, in that both (a)
undergo isotype and affinity maturation (11-13), (b) arise
from a variety of IgVh region genes (14), (c) are acted upon by
somatic mutation (15) and (d) are expressed at equivalent
frequencies in the repertoires of normal and autoimmune
mice ( 16).

We recently demonstrated that natural autoantibodies
could be analyzed at the clonal level using a splenic fragment
transfer system (17, 18). B cells from normal DBA/2 and au-
toimmune NZB mice were transferred to MHC-compatible
xid recipients where they engrafted and proliferated (17, 18).
Native B cells of the xid recipient did not produce detectable
levels of autoantibody due to the effect of the X-linked immu-
nodeficiency gene on endogenous B cell function. A sensitive
ELISA assay facilitated the detection of antibodies produced
by donor B cells in fragment cultures. Previous work indicated
that antibodies with an affinity of 5 X 106 M-I or greater could
be detected in such a system (19). The antibodies present in
these culture supernatants were monoclonal, as demonstrated
by their expression of a single Ig heavy and light chain isotype
(17-23).

In this report, limiting numbers of donor B cells were
transferred to xid recipients and the degree of cross-reactivity
of the monoclonal antibodies produced by such cells exam-
ined. Over 1200 splenic fragment supernatants were analyzed
for reactivity against a large panel of autoantigens and con-
ventional antigens. Findings from these studies were cbrrelated
to observations made using hybridoma antibody panels. Our
results indicate that antibodies produced by B cells from au-
toimmune NZBmice were not more cross-reactive than those
from normal DBA/2 mice, and that autoantibodies were not
significantly more cross-reactive than antibodies of conven-
tional antigenic specificity.

Methods

Animals. DBA/2 mice were obtained from The Jackson Laboratory,
Bar Harbor, ME, while NZB and (DBA/2.xid/xid X NZB.xid)Fl
(hereafter F1 . xid) mice were bred and raised in our animal colony.
Females from 4 to 6 moof age were used in all experiments. Sera from
donors and recipients were tested for total Ig and autoantibody levels
before use. Total antibody levels in F. * xid and DBA/2 mice were at
least 15 times lower than those in NZBmice.

Splenic fragment culture system. The methodology for in vitro B
cell cloning has been described previously (17-22). Briefly, a single cell
suspension made from the spleens of two to four donor mice was
treated twice with anti-Thy 1.2 plus complement (resulting in < 2%T
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Table L Cross-reactivity of Hybridoma Autoantibodies

Antibody C.R. Myo Act BrMRBC T cell Trans TNP-KLH Ova

2G8 Lo 0 0 0 + 0 0 0
4B12 Lo 0 0 0 + 0 0 0
6C1 Lo + 0 0 0 0 0 0
1OD3 Lo 0 + + 0 0 0 0
8F1 Hi 0 + 0 + 0 + 0
6C4 Hi + + + + + + +
6E3 Hi + + + + + + 0
9G1 Hi + + + + + + +

C.R. These hybridoma cell lines were originally detected by screening on a minimum of 6 autoantigens using an antigen-coated bead assay
(Hartman, A. B., C. P. Mallett, J. Srinivasappa, B. S. Prabhakar, A. L. Notkins, and S. J. Smith-Gill. Manuscript submitted for publication.)
Antibody-containing supernatants reacted with either 0-2 (Lo) or 3-6 (Hi) antigens from this panel. Supernatants from the same hybridomas
were then tested for reactivity on our antigen panel by ELISA assay. Positive results are shown by a (+). Two additional autoantibody panels
(gifts of Dr. C. Bona and P. Rousseau) were also examined with similarly concordant results (data not shown).

cell contamination as assessed by flow cytometry). The B cells were
injected intravenously into unimmunized, unirradiated F. * xid recipi-
ents. Spleens from recipient mice were removed 20 h later and diced
into 48 equal-sized fragments. Each fragment was sterilely cultured for
1 wk in a microtiter well in medium consisting of RPMI 1640 supple-
mented with 10% fetal calf serum, 2 mML-glutamine, 5 X lo0- M
2-mercaptoethanol, 10 mMHepes, 0.1 1 mg/ml sodium pyruvate, and
penicillin (100 U/ml) and streptomycin (100 Mg/ml). Fresh media was
added after 4 d.

Detection of antibodies by ELISA assay. 50 Ml of supernatant col-
lected from splenic fragments cultured for 1 wk or from hybridoma
supernatants containing 10 Mg/ml of monoclonal antibody were ana-
lyzed for antibodies reactive with a panel of six autoantigens (single-
stranded DNA, T cell surface antigens, bromelain-treated mouse red
blood cells (BrMRBC),' myosin, actin, and transferrin) and two con-
ventional antigens (TNP-KLH and ovalbumin) as described (16-18,
24). For the anti-DNA assay, Immulon I microtiter plates were coated
with 10 ug/ml methylated bovine gamma-globulin to which was ad-
sorbed heat-denatured single-stranded DNA(10 ,g/ml). The specific
recognition of DNAby antibodies in culture supernatants was detected
using phosphatase-labeled goat antibody to total mouse Ig (Kirke-
gaard-Perry, Bethesda, MD[17]). The anti-T cell and anti-BrMRBC
assays were similar, except that glutaraldehyde-fixed cells were used to
coat the Immulon plates. Assays for protein antigens involved the
direct adsorption of antigens (2-10 ,ug/ml in carbonate buffer, pH 9.5)
onto the microtiter plates, which were then used to detect the presence
of antigen-reactive antibodies, as above (5).

In all assays, a fragment supernatant was scored as positive if the
concentration of specific antibodies was more than three standard
deviations above the mean of similarly cultured splenic fragments
from unmanipulated F. * xid mice. Whenxid or B cell depleted spleen
cells were transferred to F. * xid recipients, < 1% of splenic fragments
scored positive for autoantibody production under identical condi-
tions.

Hybridoma antibodies. Four panels of hybridoma antibodies were
utilized in this work. The methodology for their production and clon-
ing has been described elsewhere in detail (5, 25).

Statistical analysis. The observed distribution of antibodies was
compared with the expected distribution (which assumed indepen-
dence) using chi-square analysis. Pairs of relative frequencies were
compared using the Fisher exact test (26), while multiple comparisons
of means were carried out using the Scheffe test (27).

1. Abbreviations used in this paper: BrMRBC, bromelain-treated
mouse red blood cells; C.R., cross reactivity; Ags, antigens; myo, myo-
sin; act, actin; trans, transferrin, ova, ovalbumin.

Results

Low-affinity cross-reactions involving hybridoma antibodies.
To establish that our assay system could detect and differen-
tiate between B cell clones producing mono-reactive and
cross-reactive antibodies, a panel of monoclonal autoantibod-
ies of known specificity was examined. Our ELISA assay de-
tected the cross-reactive members of this panel as readily as did
the original screening technique (Table I). Members of the
antibody panel (selected at random) were grown in microtiter
plates and analyzed under conditions identical to those used in
the splenic fragment assay system. The reactivity and cross-re-

activity of these monoclonal antibodies with antigens used in
this study was determined with 97% accuracy. In addition to
the hybridomas shown in Table I, results from 27 more are

included in Table VI.
We further verified the specificity of our ELISA assays

using a panel of monoclonal antibodies kindly provided by Dr.
C. Bona (5, 25). Following the method of Monestier et al.,
cross-reactivity was studied using antibody concentrations of
3-10 ug/ml. Such high concentrations of antibody permitted
the detection of antigen-antibody interactions with affinities as

low as 2 X 104 M' (25). Cross-reactivity was detected in half
of the autoantibodies studied by this method (see Table I).

A panel of hybridoma antibodies specific for the non-au-

toantigen phosphorylcholine (kind gift of Dr. P. Gearhart [28])
was then analyzed. Under conditions identical to those used
above, 44% of these antibodies reacted with two or more

members of the antigen panel (Table II). Thus, cross-reactivity
was common among hybridoma antibodies specific for con-

ventional antigens as well as autoantigens when tested at high
antibody concentrations.

Antibodies produced by B cells from autoimmune NZBand
normal DBA/2 mice show similar degrees of cross-reactivity.
Antibodies produced by hybridomas may not reflect the nor-

mal B cell repertoire (29). Moreover, hybridoma panels gener-

ated under one set of conditions in one laboratory may differ
from those generated under different conditions in another
laboratory. We therefore used the splenic fragment transfer
system to study the specificity and cross-reactivity of mono-

clonal antibodies derived from different types of donor B cells
raised under identical conditions. Limiting numbers of B cells
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Table II. Cross-reactivity of Anti-phosphorylcholine Antibodies

Antibody Anti-PC Myo Act BrMRBC T cell Trans TNP-KLH Ova

HPCG23 + 0 0 0 0 0 0 0
HPCG28 + 0 0 0 0 0 0 0
M5 11 + 0 0 0 0 0 0 0
HPCG20 + 0 0 0 0 0 0 0
HPCG15 + 0 0 0 0 0 0 0
HPCG24 + 0 0 0 0 0 0 0
HPCG32 + 0 0 0 0 0 0 0
M167 + 0 0 0 + 0 0 0

HPCM3 + 0 0 + 0 0 0 +
HPCG21 + 0 0 + + 0 0 0
HPCG22 + 0 0 + + 0 0 0
HPCM25 + 0 0 + + 0 0 0
MCPC603 + + 0 + + 0 0 0
TECP 15 + + + + + 0 + 0

C.R. Antiphosphoryicholine secreting hybridoma cell lines (25) were analyzed for cross-reactivity with our panel of six autoantigens and two
conventional antigens. Purified monoclonal antibodies at 3-10 ,g/ml were used in this analysis.

from NZBand DBA/2 donors were transferred to MHC-com-
patible F1 * xid recipients. To compensate for the greater num-
ber of activated B cells in NZBmice (18), sevenfold fewer NZB
than DBA/2 B cells were transferred. The spleens of the recipi-
ent animals were removed one day later and cultured as frag-
ments in vitro. Under these conditions, a majority of splenic
fragments contained either zero or one autoantibody-secreting
donor B cell. Autoantibody was absent from supernatants of
splenic fragments devoid of donor B cells, since host (xid)
lymphocytes secreted no detectable autoantibody (Table III).

Culture supernatants of fragments that contained donor
cells were analyzed for the presence of antibodies specific for
the autoantigens DNA, BrMRBCor T cell surface determi-
nants. In some cases, supernatants contained antibodies reac-
tive with more than one antigen (Fig. 1). These represented
either cross-reactive antibodies or the seeding of two donor B
cells into a single splenic fragment. The frequency of mono-
reactive and cross-reactive supernatants was compared in re-
cipients of NZBand DBA/2 B cells. There was as much cross-
reactivity in the fragment supernatants derived from DBA/2 as
from NZBdonor B cells (Table III). To rule out the possibility
that this result was influenced by use of an F. host, DBA/2 and
NZBB cells were transferred to DBA/2 * xid recipients. Again,
no significant difference in the frequency of cross-reactive su-
pernatants was found when cells from normal and autoim-
mune donors were compared (Table III). The reactivity of
NZB and DBA/2 lymphocytes was then examined against a
larger panel of six autoantigens and two conventional anti-
gens. Results of that study (Fig. 2 and Table IV) confirmed the
similarity in antigenic reactivity of autoimmune NZB and
normal DBA/2 B cells.

Natural autoantibodies and conventional antibodies show
similar degrees of cross-reactivity. Weanalyzed whether au-
toantibody-containing supernatants reacted with additional
autoantigens more frequently than supernatants containing
antibodies of conventional antigenic specificity. 25.8% of su-
pernatants reactive with the conventional antigens ovalbumin
or TNP-KLH also reacted with at least one additional antigen.
22.5% of supernatants reactive only with autoantigens bound
to an additional autoantigen. Statistical analysis of these find-

ings, and of individual experiments in which DBA/2 and NZB
B cells were transferred to NZB* xid or DBA/2 * xid recipients
(Fig. 3), yielded similar results: there was no significant differ-
ence in the cross-reactivity of autoantibodies when compared
to antibodies of conventional antigenic specificity.

To investigate whether antibodies which bound to particu-

Table III. Comparison of the Cross-reactivity of Donor NZB
and DBA/2 B Cells Passaged through Xid Recipients: Studies
with Three Antigens

No. of splenic fragment
supernatants with indicated

reactivity

F. * xid recipient
(Exp. 1)

Ags Bound
None
One
Two
Three

NZB
48
39

7
2

DBA/2
53
34

9
0

DBA/2 * xid recipient
(Exp. 2)

Ags Bound
None
One
Two
Three

NZB
69
22

5
0

DBA/2
68
20

6
2

Experiments were performed as described in the legend to Fig. 1.
Different donqr cells were used in the two experiments. In 65% of
multiply positive supernatants, antibodies reactive with each cross-
reactive antigen were present at the same concentration and ex-
pressed identical heavy and light chain isotypes. The remaining su-
pernatants apparently reflected the random seeding of two different
donor B cells in the same splenic fragment. There was no significant
difference in the cross-reactivity of NZBversus DBA/2 donor cells:
chi square (three degrees of freedom) for F1 * xid recipient was = 2.8,
P > 0.4; for DBA/2". xid recipient was 2.27 P > 0.5.
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Figure 1. Anti-Thy 1.2 plus com-
plement-treated spleen cells (10

ICIFICITY PATTERN X 106 NZBor 50 X 106 DBA/2)
za OBA/2 NO &SC' were transferred to F1 - xid mice.
LLS CELLS CELLS &<&- Splenic fragment cultures were es-

COC tablished 20 h later in 96 well mi-
48 53 94 BlI crotiter plates. Supernatants from

these cultures were analyzed for

158 1 the presence of antibodies reactive

17 6 10 with ssDNA, T cell surface anti-
7 20 1 gens or bromelain-treated mouse

red blood cells (BrMRBC). The
number of supernatants contain-

6 1 0 7 ing antibodies reactive with one or
0 5 0 more antigens (black boxes) is
1 3 0 shown. Each supernatant is

counted only once. Results from
control xid mice that received no

2 0 0 cells are also shown.

lar members of the antigen panel were unusually cross-reac-

tive, larger numbers of NZB donor cells were transferred to
F. * xid recipients. Under these transfer conditions, most
splenic fragments contained antibody-secreting donor B cells.
This provided enough antibody-containing culture superna-

# FRAGMENi
SPECIFICITY

NZB
CELLS

48

DBA/2
CELLS

42

2 0

2 3 0

5 7 0

1 2 0
2 3 1
2 2 0

22 24 1

I 0

o 0

1 0

o o

o 0

o 0

0

o 0

3 0
1 0
o 0

1 0

2 0

rs PER
PATTERN A.- I

NO
CELLS

93 1

o 1 0

o 0

o 1 0

TOTAL: 96 96 96

Figure 2. Anti-Thy 1.2 plus complement-treated spleen cells (5 X 106
NZBand 35 X 106 DBA/2) were transferred to F. * xid mice. Splenic
fragment culture supernatants were analyzed for antibodies reactive
with a panel of conventional (TNP-KLH or ovalbumin) and autoan-
tigens. The reactivity pattern of each supernatant (black box) is
shown. Please note: due to differences in the expressed B cell reper-
toires of individual donor mice, the number of antibodies reactive
with particular antigens varied between experiments. Such variability
(up to fivefold for particular antigens) has been detected in a variety
of other single-cell assays ( 16, 18, 31).

Table IV. Comparison of the Cross-reactivity of NZBand DBA/2
B Cells-Study of Eight Antigens

No. of splenic fragment
supernatants with indicated

No. of Ags recognized reactivity

NZB* DBA/2*
None 48 42
One 36 41
Two 12 10
Three or more 0 3

* Source of donor cells.
Experiments performed as described in the legend to Fig. 2. There
was no significant difference in the reactivity of NZB versus DBA/2
donor cells: chi-square 3.67, P > 0.25 (three degrees of freedom).

tants to allow a meaningful comparison between B cells of
each antigenic specificity. In all cases, the mean number of
additional antigens bound by autoreactive supernatants was
similar to the number of additional antigens bound by super-
natants reactive with conventional antigens (Table V). More-
over, antibodies specific for particular autoantigens (such as
DNA) were no more cross-reactive than antibodies that bound
to other antigens.

Discussion

The cross-reactivity of naturally occurring autoantibodies was
studied using a splenic fragment culture system and sensitive
ELISA assays. Antibodies produced by normal DBA/2 and
autoimmune NZB B cells exhibited similar degrees of anti-
genic cross-reactivity when raised under identical conditions.
Furthermore, the autoantibodies secreted by NZBB cells were
no more cross-reactive than the conventional antibodies pro-
duced by normal DBA/2 B cells. In studies of low-affinity
cross-reactions involving hybridoma cell lines, we again found
that autoantibodies and conventional antibodies exhibited
similar degrees of cross-reactivity.

Wehave previously demonstrated that antibodies pro-

NZB DONOR DBA/2 DONOR

NUMBERREACTIVE WITH

CONVENTIONALANTIGEN

NUMBERSIMULTANEOUSLYREACTIVE

WITH AUTOANTIGEN

NUMBERREACTIVE WITH

ONLY AUTOANTIGEN

NUMBERSIMULTANEOUSLYREACTIVE WITH

ANOTHERAUTOANTIGEN

.,I ., ., .L .,I .,I .,
0 0o 20 30 0 to 20 30

NUMBEROF SUPERNATANTS

Figure 3. Supernatants containing "conventional" antibodies and
those containing autoantibodies from the experiment describe in Fig.
2 were analyzed for their ability to bind to an additional antigen.
Among these two populations, the proportion of supernatants reac-

tive with more than one antigen was equivalent.
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Table V. Comparative Cross-reactivity
of Antigen-specific Antibodies

Number of supernatants Average number
with antibodies against of other antibodies

Antigen listed antigen in well

Conventional 30 2.37±0.27
Myosin 10 2.10±0.52
Actin 49 2.38±0.18
BrMRBC 46 2.17±0.19
T cell 28 2.57±0.27
ssDNA 47 2.21±0.19

25 X 106 anti-Thy 1.2 plus complement-treated NZBspleen cells
were transferred to F. * xid recipients. Splenic fragment cultures were
established 20 h later in 96-well microtiter plates. The number of su-
pernatants from these fragments which contained antibodies reactive
with each of the test antigens is shown, as is the number of addi-
tional antigens recognized by those supernatants. Wells containing
antibodies of conventional specificity showed the same degree of
multiple binding as did wells containing autoantibodies (Scheffe
multiple comparison test for means, P > 0.10).

duced in F,1 xid and DBA/2 . xid fragment cultures are of
donor origin. It has been shown that: (a) the number of au-
toantibody-secreting fragments correlates directly with the
number of transferred donor lymphocytes (17, 18), (b) donor B
cells are necessary and sufficient to transfer autoantibody pro-
duction (17, 18) and (c) antibodies produced in xid recipients
reflect the Ig isotype and antigenic repertoire of the donor B
cells ( 17).

When limiting numbers of donor B cells were transferred
to xid recipients, a majority of splenic fragments contained
either zero or one autoantibody-secreting lymphocyte. Under
the experimental conditions used to generate the data in
Tables III and IV, - 10% (5-13/96) of the splenic fragment
supernatants reacted with two or more antigens. Approxi-
mately 35% of these multiply-reactive supernatants resulted
from the seeding of two or more donor lymphocytes into a
single splenic fragment. This conclusion was reached on the
following evidence: (a) in detailed studies of multiply-reactive
culture supernatants, 35% of the antibodies binding to one
antigen were of a different heavy or light chain isotype, or
present at a different concentration, than antibodies from the

same supernatant which bound to another antigen (Table III
legend and (17)), and (b) this probability (35%) of two donor B
cells seeding a single fragment was consistent with the fre-
quency predicted by Poisson analysis of the number of trans-
ferred B cells.

There was a marked difference in the amount of cross-reac-
tivity among monoclonal antibodies raised in splenic fragment
cultures when compared to monoclonal hybridoma antibodies
as detected in our assays and those from other laboratories
(Table VI). Such disparate results reflect differences in how
these antibodies were generated and the affinity of the interac-
tions involved. Antibodies produced in short-term splenic
fragment cultures mirror the repertoire of B cells normally
expressed by donor mice (16-22). Hybridomas arise from the
fusion of donor B cells in a very specific stage of activation and
differentiation. Thus, hybridomas may not reflect the normal
immune repertoire (29).

It is also possible that the large amounts of Ig produced by
hybridomas facilitate the detection of low-affinity antigen-an-
tibody complexes. In this context, Monestier et al. recently
analyzed the affinity of antibodies produced by autoreactive
hybridomas (25). They found that the Ka for these interactions
ranged from 8 X 103 to 7 X 1O' MW.This raises two important
questions: Do such low-affinity interactions have physiological
relevance (antigen-induced serum antibody responses and hy-
bridomas of conventional antigenic specificity have K.'s on the
order of 106 M-' or greater, [30])? and, Do conventional anti-
bodies show similar degrees of cross-reactivity when assayed
under similarly nonstringent conditions?

Weanalyzed a panel of 14 antiphosphorylcholine (PC)
binding antibodies. These antibodies bound to PC with an
average Ka of 107 M-' (Gearhart, P., personal communica-
tion). Whentested at high concentration on our antigen panel,
44% cross-reacted with at least two other antigens (all bound
PC). By comparison, Monestier found that 45%of monoclonal
autoantibodies cross-reacted with conventional antigens (an
observation we have since verified using many of the same
antibodies). Thus, autoreactive and conventional antibodies
produced by hybridomas can exhibit similar degrees of cross-
reactivity.

To detect low-affinity interactions (l10 M` or less), anti-
bodies concentrated to 10 ,ug/ml must be used. Splenic frag-

Table VI. Percent Monoclonal Antibody Cross-reactivity

Splenic fragment assay Monoclonal antibody panels

No. of Ags NZB DBA/2 A B C D E

One 78.9 83.3 13.6 17.4 37.5 22.2 12.5
Two 19.5 14.5 18.2 30.4 0 0 20.8
Three 1.6 4.7 9.1 47.8 50.0 0 54.2
Four 0 0 31.8 4.4 0 44.4 12.5
> Four 0 0 27.3 0 12.5 33.3 0

Calculations for NZBand DBA/2 mice include results from eight experiments in which no greater than 5 X 106 NZBor 35 X 106 DBA/2 B
cells were transferred to xid recipients. Note that only antibody-containing supernatants were included in this analysis. (A) ELISA analysis of
the monoclonal antibody panel shown in Table I and an additional 27 for which the data are not shown in Table I (Hartman et al., manuscript
submitted). (B) A panel of 23 monoclonal antibodies, generated from 6-d-old LPS-stimulated BALB/c spleen cells, gave this distribution when
tested for reactivity against a series of five autoantigens (6). (C) Eight monoclonal antibodies, generated from adult BALB/c and SJL/J mice,
gave this distribution when tested for reactivity against six tissue sections. Note: tissue sections express multiple autoantigens, and different tis-
sues may share the same autoantigens (8). (D) Nine monoclonal autoantibodies generated from patients with autoimmune diseases gave this
distribution when assayed as in Cabove (8). (E) 24 monoclonal anti-DNA antibodies, generated from six patients with SLE, gave this distri-
bution when tested for cross-reactivity against three other autoantigens (9).

656 Klinman, Banks, Hartman, and Steinberg



ments produce only 1-3 gg of monoclonal Ig/culture and
therefore have been used to analyze physiologically relevant
antibodies (i.e., those with affinities of 5 X 106 M-' or greater
[19]). The utility of the fragment culture system for this pur-
pose was demonstrated by its ability to detect the antigenic
cross-reactivity of hemagglutinin proteins expressed by influ-
enza viruses (22) and the idiotypic cross-reactivity of anti-
phosphorylcholine responses (21).

Our data support the intuitive expectation that antibody
cross-reactivity increases as the affinity of the interactions ex-
amined decreases. More important, we found that autoanti-
bodies and conventional antibodies express similar degrees of
antigenic cross-reactivity when analyzed under similar condi-
tions. Such a result is consistent with previous findings from
our laboratory, which indicated that B cells which produced
autoantibodies had functional properties similar to those of B
cells that produced antibodies of conventional antigenic speci-
ficity. Taken together, these data suggest that a commonpool
of B cells may be responsible for the production of both auto-
antibodies and conventional antibodies.
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