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IgG or cells had been shown to induce unresponsiveness in mice. A significant proliferation index was induced in SLE
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In Vitro Nucleoside Specific Immune Response by

Lymphocytes from Systemic Lupus Erythematosus

CHIKAO MORIMOTO,ALFRED D. STEINBERG, STUARTF. SCHLOSSMAN,and
YVES BOREL, Division of Tumor Immunology, Sidney Farber Cancer
Institute, Children's Hospital Medical Center, Department of Medicine and
Pediatrics, Harvard Medical School, Boston, Massachusetts 02115; Arthritis
Branch, National Institute of Arthritis, Diabetes, Digestive and Kidney
Diseases, National Institutes of Health, Bethesda, Maryland 20205

A B S T R A C T The in vitro immune response of sys-
temic lupus erythematosus (SLE) lymphocytes to nu-
cleosides conjugated to keyhole limpet hemocyanin
(KLH) (A,G,C,T-KLH) was investigated. The nucleo-
sides were chosen not only because they are a part of
nucleic acid antigen and involved in autoimmunity,
but also because nucleoside covalently bound to either
soluble IgG or cells had been shown to induce unre-
sponsiveness in mice. A significant proliferation index
was induced in SLE lymphocytes, as compared with
normal or rheumatoid arthritis (RA) lymphocytes in
vitro [in (A,G,C,T)-KLH, 1 ,ug/ml; stimulation index
= M±SE, SLE 2.10±0.26, RA 1.06±0.14, normal
1.12±0.12 P < 0.05]. Lymphocytes from SLE patients
responded specifically to low doses of (A,G,C,T)-KLH
and not to the protein carrier KLH alone. A solid-phase
radioimmunoassay was developed to detect nucleo-
side-specific antibody. SLE lymphocytes sponta-
neously produced high levels of anti-A,G,C,T anti-
body. This was further increased by antigenic stimu-
lation, but not with pokeweed mitogen (PWM)
stimulation. In contrast normal lymphocytes failed to
produce anti-A,G,C,T antibody either spontaneously
or in response to antigen. However, normal lympho-
cytes produced antibody after stimulation with PWM.

More importantly, anti-A,G,C,T antibody produc-
tion by SLE lymphocytes was suppressed by prein-
cubation with A,G,C,T-IgG (A,G,C,T-HGG). The an-
tigen-specific unresponsiveness caused by A,G,C,T-
HGG was demonstrated by the observation that
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preincubation with A,G,C,T-HGG did not affect the
production of anti-dinitrophenyl antibody response.
The ability to manipulate the altered response of SLE
lymphocytes to nucleic acid antigens may have ther-
apeutic implications in these patients.

INTRODUCTION

Systemic lupus erythematosus (SLE)' has long been
considered a prototypic autoimmune disease because
of its multisystem involvement and the production of
multiple antibodies. A typical lupus serum can react
with nucleic acid (native or denatured DNA, RNA)
nucleoprotein (Sm and RNPantigens; ribosomes; nu-
cleohistones) and cell surface antigens (1). Antibodies
to nucleic acids are particularly significant since the
deposition of immune complexes of antinucleic acid
antibodies with nucleic acid antigens is considered
to be an important pathogenetic mechanism in
SLE (2-5).

Previous studies have suggested that some of these
immune abnormalities found in patients with active
SLE may result from loss of suppressor T cells and/or
abnormalities in their function (6-10). However, those

'Abbreviations used in this paper: A, adenosine; BPO-
HGG, benzyl penicilloyl linked to human -y-globulin; BPO-
KLH, benzyl penicilloyl linked to keyhole limpet hemocy-
anin; (A,G,C,T)-BSA, all four nucleosides conjugated to bo-
vine serum albumin; C, cytidine; DNP-BSA, dinitrophenyl
linked to bovine serum albumin; DNP-KLH, dinitrophenyl
linked to keyhole limpet hemocyanin; FCS, fetal calf serum;
G, guanosine; HGG, human 'y-globulin; (A,G,C,T)-HGG, all
four nucleosides conjugated to human y-globulin; (A,G,C,T)-
KLH, a conjugate in which all four nucleosides are coupled
simultaneously keyhole limpet hemocyanin (KLH); RA,
rheumatoid arthritis; PWM,pokeweed mitogen; SI, stimu-
lation index; SLE, systemic lupus erythematosus; T, ribothy-
midine.
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studies did not examine regulation of antibodies spe-
cific for nucleic acid determinants. In the present
study, we investigated the in vitro response of SLE
lymphocytes to nucleoside conjugated to keyhole lim-
pet hemocyanin (KLH) (A,G,C,T-KLH). The nucleo-
sides were chosen not only because they were part of
nucleic acid antigens and involved in autoimmunity,
but also because nucleoside covalently bound to either
soluble IgG or cells had been shown to induce unre-
sponsiveness in experimental animals (11, 12). The re-
sults described herein demonstrate that SLE lympho-
cytes proliferate in response to nucleoside carrier con-
jugate, make nucleoside-specific antibody, and can be
rendered tolerant with regard to nucleoside antibody
formation in vitro with (A,G,C,T) human gammaglob-
ulin (HGG) (the nucleosides conjugated to human
y-globulin).

METHODS
Antigens. HGGwas isolated from the pooled sera over

a DEAE-column using a 0.01 M, pH 6.8 phosphate-eluting
buffer. KLH was obtained from Calbiochem-Behring Corp.,
Div. American Hoechst Corp., San Diego, CA, and was pre-
pared as described elsewhere (13). Nucleoside was conju-
gated to HGG, bovine serum albumin (BSA), or KLH by the
procedure of Erlanger and Beiser as described previously
(14). The hapten-carrier conjugates used in this experiment
are the following: (A,G,C,T)49-KLH, (A,G,C,T)14-HGG,
(A,G,C,T)14-BSA, DNP257-KLH, DNP15-BSA, BPO11-HGG
and BPO,%-KLH. In each case, the subscript indicates the
total molar ratio of hapten substitution on the carrier protein.

Isolation of lymphoid populations. Human peripheral
blood mononuclear cells were isolated from heparinized ve-
nous blood by Ficoll-Hypaque (Pharmacia Fine Chemicals,
Inc., Piscataway, NJ) density centrifugation.

Patients. 36 patients with SLE satisfying the diagnostic
criteria of the American Rheumatism Association and seven
patients with a classic or definite RA were studied. Blood
was also obtained from 10 normal volunteers of similar age
and sex. All patients were monitored at the Children's Hos-
pital Medical Center in Boston and at the Arthritis Branch
of the National Institute of Arthritis, Diabetes, Digestive and
Kidney Disease in Bethesda. Clinical activity was assessed
at the time of blood drawing by the physicians on the basis
of signs and symptoms (active rash, serositis, arthritis, active
central nervous system disease, and active renal disease).
Patients lacking these symptoms or detectable signs of ac-
tivity were categorized as inactive. The active patients in
this study had at least two of the above criteria of activity.
When the in vitro studies were done, the disease activity was
not informed.

Proliferative studies. Cell suspensions were cultured at
a final concentration of 1 X 106 cells/ml in RPMI 1640 sup-
plemented with 10% AB serum, 200 mML-glutamine, 25
mMHepes buffer, 0.5% sodium bicarbonate, and 1% peni-
cillin-streptomycin. 0.2-ml aliquots of cell suspensions con-
taining the indicated doses of antigens were distributed into
the wells of round-bottomed microtiter plates (Falcon Lab-
ware, Div. Becton, Dickinson Co., Oxnard, CA). Cultures
were made in triplicate, incubated at 370C in a humid at-
mosphere of 5% CO2 in air for 5 d, pulsed with 0.2 MCi
[3H]thymidine (1.9 Ci/mM sp act) (Schwartz/Mann Div.,

Becton, Dickinson Co., Orangeburg, NY) and harvested 18
h later on a MASHII apparatus (Microbiological Associates,
Bethesda, MD). Results were expressed as stimulation in-
dexes (SI) where: SI = (count per minute incorporated by
antigen-stimulated culture)/(counts per minute incorpo-
rated by control-unstimulated culture).

Anti-A,G,C,T antibody formation in vitro. Culture con-
ditions for anti-A,G,C,T antibody formation were the same
as previously described (15) for the anti-DNP antibody re-
sponse. Briefly, peripheral blood lymphocytes were cultured
for 5 d with the indicated concentration of antigens or with
PWMin a total volume of 200 Ml per well in flat-bottomed
microtiter plates (Falcon Labware) in RPMI 1640 supple-
mented with 20% fetal calf serum (FCS) (Grand Island Bio-
logical Co., Grand Island, NY), 200 mM L-glutamine,
25 mMHepes buffer, 0.5% sodium bicarbonate, and 1% pen-
icillin-streptomycin at 370C in a humid atmosphere
containing 5% CO2.

At the completion of the culture period, the cells were
washed three times to remove antigen, resuspended in the
same media, and incubated for 5 additional d at 370C. Cul-
ture supernatants from five individual wells were pooled and
stored at -20'C until assayed for anti-A,G,C,T antibody.

Tolerance induction in vitro. Peripheral blood lympho-
cytes (PBL) (4 X 106/ml), resuspended in the supplemented
RPMI 1640 media described above were incubated with or
without 10 Mg/ml of (A,G,C,T)-HGG or 10 Mg of control
antigens as indicated in Linbro 24-flat-bottomed wells (Flow
Laboratories, Maler, VA) at 370C in 5% CO2 for 18 h. Cells
were then harvested, washed three times and resuspended
in the supplemented media. PBL (4 X 106/ml), precultured
with (A,G,C,T)-HGG were subsequently cultured with 1
Mug/ml (A,G,C,T)-KLH in a total volume of 200 Ml per well
in flat-bottomed microtiter plates for the production of anti-
A,G,C,T antibody as described above.

Radioimmunoassay for anti-A,G,C,T antibody. The ra-
dioimmunoassay (RIA) used for measurement of anti-A,G,C,T
antibody in culture media was a solid phase RIA technique
as described previously (15, 16). Briefly, (A,G,C,T)-BSA was
absorbed onto flexible polyvinyl plates (Cooke Laboratory
Products, Alexandria, VA) at a concentration of 1 mg/ml
for 2 h at 4°C. After excess (A,G,C,T)-BSA was removed,
the wells were thoroughly washed and any further nonspe-
cific binding sites were blocked by incubation with 1% BSA
in phosphate-buffered saline. After additional washing, 50
Ml of culture supernatants were added to each well, incu-
bated for 3 h at 4°C and washed three times.

Finally, 25 Mul containing 105 cpm of 125I-labeled (chlo-
ramine T method) affinity purified, rabbit anti-human
F(ab')2 were added to each well. The plates were incubated
overnight at 4°C. Unbound 1251 was removed by extensive
washing, the plates were cut with scissors, and each well was
counted for bound radioactivity in a gammacounter. Anti-
A,G,C,T antibody production secreted into culture super-
natants was assayed in triplicate. Background values deter-
mined by replacing the second layer culture supernatants
with 20% FCS in RPMI 1640, were usually <200 cpm and
were subtracted from experimental values.

Determination of Ig classes of anti-A,G,C,T antibody.
The monospecific anti-human IgM and anti-human IgG sera
were purchased from Miles Laboratories, Inc., Elkhart, IN,
and further purified by elution from appropriate immu-
noabsorbent columns. These antisera were then coupled to
BrCN activated Sepharose 4B as outlined by the manufac-
turer (Pharmacia Fine Chemicals). To determine the Ig
classes of the anti-A,G,C,T antibodies, a culture supernatant
aliquot was passed through a column of Sepharose 4B cou-
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pled with one of another antiserum, and subsequently, the
anti-A,G,C,T antibody activity of the eluate was compared
to the anti-A,G,C,T activity of an aliquot of culture super-
natant that was passed through a column of uncoupled, un-
activated Sepharose 4B.

RESULTS

Antigen-induced proliferation of PBL in vitro.
(A,G,C,T)-KLH induced proliferation by PBL from
patients with SLE and RAand from normal individuals
was studied. Significantly greater stimulation of SLE
PBL was observed at low doses of antigen (Fig. 1). The
mean±SE, SI at 1 ,ug/ml were SLE 2.10±0.26, RA
1.06±0.14, normal 1.12±0.12 (P < 0.05). The differ-
ences were also significant at 0.1 ,ug/ml, however they
were not at 10 ,ug/ml. Lymphocytes from SLE patients
responded specifically to low doses of (A,G,C,T)-KLH
and not to the protein carrier KLH alone (Fig. 1). 10
,gg/ml of either (A,G,C,T)-KLH or KLH led to good
responses in normals and RA patients, as well as in
SLE patients.

In vitro A,G,C, T antibody response of patients with
SLE. To determine the optimal conditions for anti-
A,G,C,T antibody production, varying amounts of
(A,G,C,T)-KLH were added to 0.2 ml of media con-
taining 8 X 105 PBL. SLE lymphocytes produced high
levels of anti-A,G,C,T antibody without stimulation,
the maximal antibody response was observed at an
antigen concentration of 0.1 or 1 ug per ml. Lympho-
cytes from normal individuals failed to produce anti-
A,G,C,T antibody (anti-A,G,C,T antibody ranges of
10 normal individuals are shown in the shaded area
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FIGURE 1 (A,G,C,T)-KLH induced proliferation by PBL
from patients with SLE, RA, and normals. SI, counts per

minute incorporated by antigen stimulated culture/counts
per minute incorporated by control unstimulated culture.
0, normal; *, SLE; A, RA.

in Fig. 2) either spontaneously or in response to an-
tigen. Thus, whereas normal lymphocytes could pro-
liferate in regard to high doses of (A,G,C,T)-KLH, they
could not produce antibody in response to that antigen.

PWMstimulated A,G,C,T responses of normal and
SLE lymphocytes. Fig. 3 compares the high sponta-
neous anti-A,G,C,T responses that were observed from
SLE lymphocytes (7,020±850 cpm) with the minimal
response by normal lymphocytes (268±80 cpm). After
stimulation with PWM,the anti-A,G,C,T response by
SLE lymphocytes was decreased to 4,210±542 cpm.
In contrast, an increased amount of anti-A,G,C,T an-
tibody was secreted by the normal lymphocytes
(2,240±356 cpm).

Relationship between nucleoside specific immune
response and disease activity of SLE. Furthermore,
the relationship between nucleoside specific immune
response and disease activity of SLE was examined.
As shown in Table I, the patients with active SLE had
both a higher stimulation index of antigen induced
lymphocyte proliferation and higher spontaneous anti-
A,G,C,T antibody production than patients with in-
active SLE.

Specificity of the anti-A,G,C,T antibody produced.
Weinvestigated the ability of soluble (A,G,C,T), DNP-
BSA, or OA to inhibit anti-A,G,C,T antibody binding
to AGCT-coated plates. After in vitro culture,
(A,G,C,T), DNP-BSA, or OAwere added to the culture
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FIGURE 2 Optimal antigen concentration for anti-A,G,C,T
antibody production. PBL (8 X 105/culture) were cultured
with different concentrations of A,G,C,T)-KLH. Results are
representative experiments from different donors. Values are
expressed as mean of triplicate samples. Standard errors are
within 10%. Anti-A,G,C,T antibody ranges of 10 normal in-
dividuals are shown in the shaded area.
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FIGURE 3 Spontaneous and PWM-stimulated A,G,C,T re-
sponses of lymphocytes from patients with SLE and normals.
The means are indicated by the short horizontal lines. Values
are the mean±SE.

supernatants before their addition to plastic plates pre-
viously coated with (A,G,C,T)-BSA. The supernatants
were removed and the plates were washed several
times before the addition of '25I-labeled rabbit anti-
human F(ab')2. As shown in Table II, addition of
(A,G,C,T) to the culture supernatant resulted in a
marked decrease in antibody binding while the ad-
dition of DNP-BSA or OA resulted in only minimal
inhibition of anti-A,G,C,T antibody binding. These
results suggest that the antibody produced was A,G,C,T-
specific.

Characterization of anti-A,G,C,T antibody class.
To determine the class of anti-A,G,C,T antibody-pro-

TABLE I
Relationship between Nucleoside-specific Immune Response

and Disease Activity of SLE

Stimulation Anti-A,G,C,T
index antibody

A Antigen-induced proliferation
(A,G,C,T-KLH = 1 gg/ml)

Active SLE (17)' 2.89±0.36t
Inactive SLE (16) 1.22±0.17

B Spontaneous anti-A,G,C,T response
Active SLE (6) 8,850±981§
Inactive SLE (4) 4,575+879

Parentheses show the number of patients studied.
I Results are mean±SE. P < 0.001.
§ Results are mean counts per minute/culture±SE. P < 0.05.

TABLE II
Specificity of the Anti-A,G,C,T Antibody Produced'

Exp.
no. Media (control) A,G,C,T OA DNP-BSA

1 8,500±570t 1,100±100 8,200±400 7,400±550
2 11,000±880 1,200±90 10,500±740 9,900±670
3 7,900±400 900±80 8,000+570 7,500±490
4 9,400±730 1,050±130 9,200±780 8,400±420

e After in vitro culture, 25 gl of A,G,C,T (1 mg/ml), DNP-BSA
(1 mg/ml), or OA (1 mg/ml) were added to the 50 ;J of culture
supernatants before their addition to plastic plates previously coated
with (A,G,C,T)-BSA. As a control, 25 gl of Hanks' buffer were
added to the culture supernatants.
t Values are expressed as the mean counts per minute/culture±SE
of triplicate samples.

duced culture supernatants were passed through both
anti-human IgM and anti-IgG conjugated Sepharose
4B columns and the eluate was examined for residual
anti-A,G,C,T antibody activity by RIA. As a control,
the culture supernatants were also passed through an
unconjugated Sepharose 4B column. SLE supernatants
were from A,G,C,T-stimulated cultures. Normals did
not produce enough antibody following (A,G,C,T)-
KLH stimulation for such an analysis. Therefore,
PWM-induced antibody from normals was studied.
Table III shows that in PWM-stimulated normal cul-
ture supernatants, an anti-IgM column could remove
>80% of the anti-A,G,C,T antibody binding activity,
whereas an anti-IgG column had a minimal effect. In
contrast, in A,G,C,T stimulated culture supernatants
of SLE, an anti-IgG column could remove >60% of
the anti-A,G,C,T antibody binding activity, whereas
the anti-IgM column removed less anti-A,G,C,T an-
tibody binding activity. These results demonstrate that
anti-A,G,C,T antibody produced by SLE lymphocytes
was predominantly of the IgG isotype and that anti-
A,G,C,T antibody produced by normals after stimu-
lation with PWMwas primarily of the IgM isotype.

A,G,C,T-specific inhibition of antibody production
by preincubation with A,G,C,T-HGG conjugates.
The effect of in vitro incubation of lymphocytes with
various conjugates on the anti-A,G,C,T antibody re-
sponse was assessed in the SLE patients whose lym-
phocytes produced a large amount of anti-A,G,C,T an-
tibody. As shown in Fig. 4, lymphocytes preincubated
without antigen produced 12,000±900 cpm of anti-
A,G,C,T antibody. In contrast, preincubation with
(A,G,C,T)-HGG (line 6) resulted in significant (66%)
suppression of the anti-A,G,C,T response (4,100+600
cpm). Preincubation with unconjugated HGG or
A,G,C,T or (A,G,C,T)-KLH or BPO-HGGor BPO-
KLH failed to inhibit anti-A,G,C,T antibody response.

Nucleoside-specific Suppression 1405

0

0

0

o o

o o

0o o

o o
o _~~
IO b



TABLE III
Characterization of Anti-A,G,C,T Antibody

Culture supernatant' Sepharose 4B absorbed IgM absorbed IgG absorbed

A PWM-stimulated normal
lymphocytes

1 4,640±150 510±30 4,150±180
2 3,430±130 750±50 3,350±110
3 4,100±240 680±50 3,920±190

B AGCT-KLH-triggered SLE
lymphocytes

1 8,490±490 4,950±180 3,420±260
2 7,740±340 6,140+270 2,850±120
3 9,470±450 5,900+340 3,370±310

Culture supernatants were passed through affinity purified goat anti-human IgM and anti-
IgG conjugated Sepharose 4B columns. As a control, culture supernatants were passed through
a Sepharose 4B column.
Values are expressed as the mean counts per minute/culture±SE of triplicate samples.

In addition to this, preincubation with A,G,C,T-human
serum albumin did not show any suppression of anti-
A,G,C,T response (Table IV). These results suggest that
preincubation with (A,G,C,T)-HGG can induce hapten
(A,G,C,T)-specific tolerance in vitro. To determine
whether (A,G,C,T)-HGG causes specific unresponsive-
ness, the anti-DNP response of these tolerizing cells
was also examined (Fig. 5). Although preincubation
with (A,G,C,T)-HGG did not affect the production of
anti-DNP antibody response, the anti-A,G,C,T anti-
body response was inhibited. As expected, preincu-

bation with (A,G,C,T)-KLH or BPO-HGGdid not af-
fect either the anti-A,G,C,T response or the anti-DNP
response. These results demonstrate that the suppres-
sion of the anti-A,G,C,T response was antigen specific.

DISCUSSION

In the present study, spontaneous nucleoside specific
antibody production by SLE lymphocytes was ob-
served. The quantity of antibody secreted was in-
creased by antigenic stimulation with a nucleoside car-

First CulturelSecond Culture

AGCT-KLH

HGG

AGCT
HGG

HGG
AGCT-KLH
AGCT-KLH

AGCT-HGG

BPO-KLH

BPO-HGG

AGCT-KLH

AGCT-KLH

AGCT-KLH

AGCT-KLH

AGCT-KLH

AGCT-KLH

AGCT-KLH

Anti-AGCT Antibody (CPMx1O-3) / Culture
l 5 10 15

FIGURE 4 Hapten-specific tolerance induction in vitro. PBL from patients with SLE prein-
cubated with (A,G,C,T)-HGG or indicated antigens were cultured with (A,G,C,T)-KLH for
anti-A,G,C,T response. Results are representative of four individual experiments performed.
Values are expressed as mean counts per minute/culture±SE of triplicate samples.
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TABLE IV
Human IgG -dependent Tolerance Induction In Vitro

Lymphocytes preincubated with' Exp. I Exp. 2

6,500±340t 8,700±650
A,G,C,T-HGG 3,800±190 4,800±410
A,G,C,T-HSA 6,100±310 8,900±710

Lymphocytes from SLE preincubated with indicated antigens or
media were cultured with (A,G,C,T)-KLH for anti-A,G,C,T re-
sponse.
t Values are expressed as mean counts per minute/culture±SE of
triplicate samples.

rier conjugate, (A,G,C,T)-KLH. Furthermore, anti-
A,G,C,T-specific antibody production by lymphocytes
from SLE was suppressed by preincubation with
A,G,C,T IgG (A,G,C,T-HGG). The antigen-specific
unresponsiveness caused by (A,G,C,T)-HGG was dem-
onstrated by the observation that preincubation with
(A,G,C,T)-HGG did not affect the production of anti-
DNP antibody response. SLE lymphocytes, but not
normal and RA lymphocytes, proliferated in response
to stimulation by low doses (0.1 or 1.0 tig/ml) of
(A,G,C,T)-KLH. This result is consistent with studies
demonstrating that SLE lymphocytes had sensitized
to nuclear antigen (17, 18). In other studies, SLE lym-
phocytes cultured with native DNAproduced a mac-
rophage migration inhibitory factor that also suggests
that there are circulating DNA-sensitized lympho-
cytes (19).

SLE lymphocytes spontaneously produced high lev-
els of anti-A,G,C,T antibody. This was further in-
creased by antigenic stimulation, but not PWMstim-
ulation. In contrast, normal lymphocytes produced
antibody only after stimulation with PWM.The spon-

taneous high production of anti-A,G,C,T by SLE lym-
phocytes is consistent with studies demonstrating that
lymphocytes from active SLE produced spontaneously
large quantities of immunoglobulin in vitro and an
increased number of B cells defined by monoclonal
anti-Bi (20-22). These include autoantibodies, such
as DNA, and antibodies to specificities thought to be
unrelated to self antigens such as trinitrophenyl (23-
26). It is also reported that lymphocytes from SLE
patients had a markedly depressed in vitro response
to PWMwith regad to Ig synthesis (21, 27). Similarly,
the A,G,C,T-specific antibody response by SLE lym-
phocytes was decreased following stimulation with
PWM.This greater stimulation index of SLE lympho-
cytes as well as the spontaneous high levels of anti-
A,G,C,T antibody by SLE lymphocytes were correlated
well with disease activity.

After polyclonal stimulation by PWM,an increased
amount of anti-A,G,C,T antibody was obtained from
cultures of normal lymphocytes. The immunoglobulin
class of the anti-A,G,C,T antibody produced by normal
lymphocytes belongs mainly to the IgM class, anti-
A,G,C,T antibody produced by SLE lymphocytes was
predominantly IgG. In this regard, Bankhurst et al.
showed that normal individuals had DNA binding
lymphocytes but that they occurred in smaller num-
bers than in SLE (23). More recently, it has been re-
ported that after Epstein-Barr virus transformation,
normal B cells can produce DNAantibody although
these lymphocytes did not produce such antibody
spontaneously (28). Our results suggest that normal
lymphocytes contain precursors of B cells capable of
producing anti-nucleoside antibody. Further studies
are needed to define the fine specificity of the anti-
nucleoside antibody in the culture supernatant utiliz-
ing either isolated nucleosides, polynucleosides, or sin-
gle-stranded DNA.

r! Anti AGCT Response Anti DN
Lymphocytes (CPMx103/Ctulture) (CPMx 1

Preincubated With 5 10 3
I

1 ----- --

12 AGCT-HGG
:

3 AGCT-KLH

4 BPO-HlGG

zi

qP Response
10-3 /Culture)

6 9
T -

-4-

FIGURE 5 Antigen specificity of hapten-specific tolerance. To determine whether (A,G,C,T)-
HGGcauses specific unresponsiveness, the anti-DNP response of lymphocytes preincubated
with (A,G,C,T)-HGG was also examined. Results are representative of four individual exper-
iments performed. Values are expressed as mean counts per minute/culture±SE of triplicate
samples.
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Nucleoside-specific tolerance could be induced in
vitro by incubating SLE lymphocytes with (A,G,C,T)-
HGG. Preincubation with A,G,C,T conjugated to HSA
did not result in the suppression of anti-A,G,C,T re-
sponse, indicating that not all conjugates of A,G,C,T
to self antigens were necessarily tolerogenic. These
results extended the observations on DNPspecific tol-
erance induced by DNP-HGGto antigenic determi-
nants relevant to autoimmunity in humans.2 Initially,
in experimental animals, tolerance was induced in
(NZB X NZW) F1 mice by the administration of a
synthetic nucleic acid plus cyclophosphamide (29).
Subsequently, Borel et al. induced tolerance to DNA
by treating (NZB X NZW) F. mice with conjugates of
nucleoside coupled to isologous IgG (11). The pro-
longed administration of denatured DNA noncova-
lently complexed to poly D-lysine also prevented the
appearance of antibody to denatured DNA(28). Sim-
ilarly, successful induction of tolerance to nucleic acid
determinants was induced by administration of nu-
cleoside conjugates of D-GL (31).

It appears that the suppression of SLE antibody to
nucleic acid antigens can now be achieved in vitro by
inducing tolerance with nucleic acid linked to human
IgG in cultured lymphocytes sensitized to nucleic acid
antigen. Although DNAantigenic determinants larger
than nucleosides are required to induce tolerance to
DNA in SLE patients (32), the data suggests that an
ongoing immune response can be influenced in vitro
by inducing tolerance with nucleic acid linked to hu-
man IgG.
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