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Abstract

0-81 and NE-I idiotypes (Id) of human nephritogenic anti-
DNAantibodies are interspecies Id expressed also in NZB/W
F1 mice. Wetried to manipulate the synthesis of spontaneously
occurring anti-DNA antibody using monoclonal anti-Id anti-
bodies (D1E2 and 1F5) conjugated with a cytotoxic agent,
neocarzinostatin (NCS). In vivo administration of anti-Id anti-
bodies conjugated with NCSbrought about an improvement in
the survival rate of female NZB/WF1 mice. It also caused a

retardation of development of lupus nephritis and decreased
the numbers of anti-DNA-producing cells. The suppression of
anti-DNA antibody synthesis was specific and Id-mediated.
The results indicate that the use of a limited number of anti-Id
antibodies in combination with a cytotoxic agent may be appli-
cable therapeutically to autoimmune diseases. (J. Clin. Invest.
1990. 86:769-776.) Key words: anti-DNA antibodies * anti-
idiotype - neocarzinostatin * systemic lupus erythematosus

Introduction

Autoantibodies are closely associated with the pathogenesis of
autoimmune diseases. For example, antibodies to the acetyl-
choline receptor cause myasthenia gravis (1), and Coomb's
antibodies are responsible for autoimmune hemolytic anemia
(2). This led us to speculate that specific manipulation of au-

toantibody production might lead to a new therapy for au-

toimmune diseases (3-5).
Anti-idiotypic antibodies have the ability to regulate the

production of relevant idiotype (Id)-positive antibodies in vivo
as well as in vitro (6-8). The antibodies may also make it
possible to control pathogenetic antibody synthesis in autoim-
mune states. Along this line, several studies have demonstrated
the suppressive ability of anti-Id antibodies on the synthesis of
autoantibodies in vitro (3, 4, 9-12). Anti-Id immunity, how-
ever, is not a simple matter in the case of immune responses in
vivo: for example, the administration of low doses of anti-Id
antibodies has been shown to cause an enhanced response to
dinitrophenyl (DNP) (13, 14). Furthermore, anti-Id antibod-
ies with internal image (Ab 2,B activity) have also elicited the
production of antithyroglobulins when administered in C3H/
He mice (15). In vivo administration of anti-Id antibodies in
NZB/W F. mice has induced the transient suppression of
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anti-DNA synthesis, which is, however, replaced by Id-nega-
tive anti-DNA production (16). A similar trial had no effect
on MRL/lpr mice (17). This may be attributed to the com-
plexity of anti-Id immunity in vivo; anti-Id antibodies might
work not only on clones with regulatory ability, but also on
those with an enhancing capacity in the immune network sys-
tem, resulting in dual effects on immune responses in vivo (16,
18). Another problem is in the choice of anti-Id antibodies,
which should have the ability to target specific pathogenetic
anti-DNA antibodies among numerous antibodies. Thus,
therapeutic application of anti-Id immunity to autoimmune
disease has been hampered because of the problems above
mentioned.

Wedeveloped a new way to manipulate anti-DNA synthe-
sis using anti-Id antibodies in combination with a cytotoxic
agent, neocarzinostatin (NCS)' (19). Anti-Id antibodies desig-
nated as DIE2 or IF5 were directed to anti-DNA antibodies
that were nephritogenic in patients with systemic lupus ery-
thematosus (SLE) (20). This procedure was capable of manip-
ulating anti-DNA responses through the specific elimination
of Id-positive cells in a human in vitro system (21). It was,
however, unknown as to what would be evoked by this proce-
dure in vivo. In this paper, we present a successful treatment of
NZB/WF1 mice disease by using anti-Id-conjugated NCS.

Methods

Animals. NZB and NZWmice were purchased from the Shizuoka
Laboratory Animal Center (Shizuoka, Japan), and maintained by
brother-sister mating at the Institute for Experimental Animals, To-
hoku University.

Reagents. Calf thymus DNAwas obtained from Worthington Bio-
chemicals, Freehold, NJ. The DNAwas further purified into double-
stranded (ds) and single-stranded (ss) DNA(22). Humanmonoclonal
anti-DNA antibodies (0-81 and NE-1) were obtained from B cell
clones established by Epstein-Barr virus (EBV) transformation
methods (23). 0-81 antibody binds preferentially to ss-homopolymer
with pyrimidine bases; NE- I reacts not only with ssDNA but also with
dsDNA, RNA, and cardiolipin (24). Two types of monoclonal anti-Id
antibody (DIE2 and 1F5) to human monoclonal anti-DNA antibody
(0-81 and NE-1) were obtained from mouse hybridoma using cells
immunized with 0-81 or NE-1 (25). DIE2 (IgG 1) binds to Id including
the antigen-binding site of 0-81 and inhibits the binding of 0-81 to
ssDNA but not reacts with NE-1. 1F5 (IgG 1) specifically reacts with
NE-1 but never with 0-81 (26). F(ab')2 fragments of anti-Id antibodies
(DIE2 and IF5) were produced by the standard method.

Preparation of anti-Id-conjugated NCS. Purified NCS (5 mg/ml,
Kayaku Antibiotics Research Co. Ltd., Tokyo) or anti-Id antibodies
(DIE2, 1F5) were first incubated with a fourfold molar excess of N-
succinimidyl 3-(2-pyridyldithio) propionate (Pharmacia Fine Chemi-
cals, Uppsala, Sweden) in a 0.1 Mphosphate buffer, pH 6.5, at 250C

1. Abbreviations used in this paper: IEF, isoelectric forusing; NCS,
neocarzinostatin; PFC, plaque-forming cell; SLE, systemic lupus ery-
thematosus; ssDNA and dsDNA, single- and double-stranded DNA.
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for 30 min. The 342-pyridyldithio)-propionylated NCSwas reduced
with 10 mMdithiothreitol (Wako Pure Chemicals Industries, Tokyo)
in a 0.1 Macetate buffer, pH 4.5, at 250C for 30 min. The resulting
NCSthat contained the thiol groups was immediately passed through a
Sephadex G-25 column. Anti-Id antibody to anti-DNA antibody (2.8
mg/ml) or control mouse IgG was incubated with a 10-fold molar
excess of N-succinimidyl 3-(2-pyridyldithio) propionate in a 0.1 M
phosphate buffer, pH 6.5, at 250C for 30 min, and 342-pyridyldithio)
propionate antibody was purified by gel filtration on a Sephadex G-25
column. Finally, 3-(2-pyridyldiothio) propionylate antibody was
mixed with a sixfold molar excess of N-succinimidyl 3-(2-pyridyl-
dithio)-propionate-linked NCS, and allowed to stand at 250C over-
night in the dark. The mixture was then applied to a Sephacryl S-200
column equilibrated with PBS (pH 6.0) and eluted with the same
buffer. The second peak fractions were pooled, concentrated, and used
as anti-Id-NCS. NCSactivity of the conjugated preparation was mea-
sured by an agar dilution method by using Micrococcus luteus (ATCC
9341, American Type Culture Collection, Rockville, MD) as the sen-
sitive microorganism and expressed as units per milliliter (27). The
extent of substitution in this preparation was -1 mol of NCSper mol
of IgG (28).

Experimental protocols. In preliminary studies, dose-response re-
lationships were checked for Id-NCS and peritoneal injections of 10 U
of NCS/kg were confirmed to be nontoxic to NZB/WF. mice because
of undisturbed increase in weight or immune responses to dinitro-
phenyl-key hole limpet (DNP-KLH). At the first series of the experi-
ments, female NZB/W F. mice were divided into three groups of
18-20 mice and given DlE2-NCS or NCSconjugated with IgG from
BALB/c mice (mouse Ig-NCS) intraperitoneally at 10 U/kg of NCS
beginning at 4 moof age. In the other series, female NZB/WF. mice at
4 mo of age were also divided into three groups of 20-25 mice and
administered the mixture solution including DlE2-NCS plus lF5-
NCS(10 U/kg of NCS), or that of mouse Ig-NCS. This treatment was
repeated at 2-wk intervals for 7 mo. All mice were killed at 11 moof
age to study antibody synthesis.

Urinalysis and light microscopy in kidney section. Freshly voided
urine samples were tested by a method described by Knight et al. (29).
The degree of proteinuria was evaluated based on the following scor-
ing: 0, urinary protein < 37 mg/dl; 1, _ 37 mg/dl; 2, _ 111 mg/dl; 3,
_ 333 mg/dl.

The kidney sections (2.5 lm thick) from each mice at 11 moof age
were stained with hematoxylin and eosin (H & E), periodic acid-Schiff
(PAS), and Azan-Mallory. The glomerular injury in each case was
evaluated using activity index and chronicity index introduced by
Austin et al. (30). Namely, the activity index was defined as the sum of
individual scores of the following items: glomerular proliferation, leu-
kocyte exudation, karyorrhexis/fibrinoid necrosis (X2), cellular cres-
cent (X2), hyaline deposits, and interstitial inflammation. The chro-
nicity index was expressed as the sum of the scores for the following
items: glomerular sclerosis, fibrous crescents, tubular atrophy, and
interstitial fibrosis.

Elution of immunoglobulins from kidneys. The renal tissues from
six mice of each group were chopped into small pieces, respectively
suspended in 0.15 MPBS, pH 7.2, and then homogenized in a chilled
blender (Waring Products Div., New Hartford, CT). Then the renal
glomeruli were obtained by a sieving method. The glomeruli obtained
were washed repeatedly with PBSby centrifugation at 2,000 g, until the
optical density of the supernatant fell below OD0.05 at 280 nm. The
pellets were then suspended in 0.1 Mcitrate buffer, pH 3.2, and incu-
bated at 37°C for 1 h with continuous shaking. After centrifugation at
2,000 g 4°C for 15 min, the supernatants were pooled and dialyzed
against water for 2 h, then against 0.02 MPBS, pH 7.2, for 24 h. The
eluates were concentrated - 25-fold with a filter (Amicon Corp.,
Danvers, MA) and stored at -70°C until use.

In vitro culture. Spleen cell suspensions were prepared by teasing
the tissue in cold RPMI 1640 and allowing larger particles to settle. The
suspended cells were washed three times and the cells (1 X 106 per well)
were cultured with or without DNP-KLH (10 ug/ml) in 2.0 ml of

RPMI 1640 containing 10% heat-inactivated pooled human sera, 5
X l0-5 M/ml 2-mercaptoethanol, penicillin (100 U/ml), and strepto-
mycin (100 qg/ml) in 96-well U plate microplate (no. 9586, Costar
Data Packaging Corp., Cambridge, MA). The triplicate or quadrupli-
cate cultures were assayed individually on day 5 of the culture.

Measurement of antibody activity. Anti-DNA or anti-DNP anti-
body activity was measured mainly with an enzyme-linked immuno-
sorbent assay (ELISA) (24). For ELISA of anti-DNA assay, wells were
first treated with protamine (1 ,ug/ml) for 90 min at room temperature
and then coated with DNA. The serum sample at 1:500 dilution was
allowed to react with DNAor DNP-BSAcoated in the wells for 90 min
at 370C. After the wells were washed with PBS containing 0.05%
Tween 20 and 0.2% bovine serum albumin, affinity-purified anti-
mouse -y goat F(ab')2 or anti-mouse u goat F(ab')2 conjugated with
peroxidase (Jackson Laboratories) was added. After incubation at
room temperature for 90 min, the wells were washed five times and
treated in the dark for 10 min with o-phenylenediamine (100 ,l per
well) and absorbance was measured at 492 nm. Quantitative immuno-
assay for the total IgG and IgM in each sample was also performed in
microplates with ELISA. A 50-Mg sample was incubated at 370C for 90
min with 50 Al of peroxidase anti-mouse y goat Ig F(ab')2 or with
peroxidase anti-mouse u goat Ig F(ab')2 in a well that had been coated
with mouse IgG (0.5 ug/ml) or with mouse IgM (0.5 tg/ml). Each well
was washed three times with PBSand the ELISA was then performed
as described above. For each assay a 15-point standard calibration
curve was prepared for IgG and IgM (0.1-50 jig). Natural thymotoxic
activity was also determined as follows: each sample at the appropriate
dilutions was first mixed with the thymocytes from BALB/c mice and
incubated at 4°C for 60 min. After washing with 0.15 MPBS, pH 7.2,
containing 1% BSA, the cells were mixed with 1:20 diluted rabbit sera
(Cedarlane, CA) and again incubated for 60 min at room temperature.
The cytotoxity was then determined by a dye exclusion test.

Measurement of anti-DNA-Id activity. Anti-DNA idiotypic activ-
ity was determined by absorption of anti-DNA-binding capacity using
anti-Id antibody-conjugated affinity column. Each sample was first
passed through a Dl E2- or a 1F5-coupled Sepharose 4B column, and
then the DNA-binding ability of the effluent was compared with those
from mouse Ig-coupled Sepharose 4B columns.

Measurement of antibody-producing or Id-positive cells. Sheep red
blood cells were coupled with ssDNA, dsDNA, or BSA, using CrCI3-
6H20 as described in other papers (22). The number of plaque-forming
cells (PFC) against ssDNA or dsDNA was determined by subtracting
the PFC to background sheep erythrocytes from those to ssDNA or
dsDNA. The specificities of PFC to DNAwere checked by inhibition
studies in PFCassays in which the appropriate free ssDNA, dsDNA,
D1E2, or I F5 was added to the agar slide (22).

Anti-DNA antibody-producing or anti-DNA-Id-positive cells
were also determined by a modified enzyme-linked immunospot
(ELISPOT) assay (31). Namely, 24-well plates (no. 3024, Falcon Lab-
ware, Oxnard, CA) were incubated with I ml of ssDNA (10 gg),
dsDNA (10 jig), or DNP-BSA(2 ,g) in 0.15 MPBS, pH 7.2, overnight
at 4°C. For DNA-coating, plates were precoated with protamine (1
mg/ml). Each well was washed and nonspecific binding sites were then
blocked by incubation of 3%BSA-Tris-buffered saline for 1 h at 37°C.
After the plates were washed three times with Tris-buffered saline,
spleen cells (1 X 106 in 1 ml of Dulbecco's modified Eagle's medium)
were plated to the well and incubated for 4 h in a 5%CO2at 37°C. The
cells were then removed from each well and biotinated anti-mouse
IgG or IgM (Jackson Laboratories) were added and incubated for 1 h at
37°C. Plates were again washed with Tris-buffered saline-0.05% Tween
20, and streptavidin alkaline phosphatase was added and incubated for
I h at 37°C. Then 0.6% agarose in the development buffer including
5-bromo, 3-chloro indylyl phosphate (Sigma Chemical Co., St. Louis,
MO) was added and incubated for 1 h, followed for 16 h at 4°C.
Finally, the spots were counted using an inverted microscope.

Isoelectric focusing (IEF) and immunoblotting. Flat-bed IEF was
carried out in a 5%polyacrylamide gel (10 X 20 X 0.1 cm) containing
6.3% pharmalytes, pH 3-11 (Pharmacia), 13% glycerol, and 6 Murea
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using a Pharmacia FBE-3000 system. The gel was prefocused at 8 W
for 20 min at 40C (21). Each sample, diluted to a final volume of 60 til
containing 6 Murea, was applied to the gel surface using no. 1 filter
paper wicks (Whatman Inc., Clifton, NJ). The gel was then focused at
30 Wto a maximum of 3,000 V/h at 40C. The pH gradient was
measured using a flat membrane pH electrode or IEF calibration kit.
The focused gel was placed in a gel transfer holder, and blotted electro-
phoretically onto a nitrocellulose membrane in 0.7% acetic acid solu-

tion at 40C for 30 min at 30 V, and then for an additional 30 min at
150 V. After blotting, free binding sites on the membrane were blocked
by incubation in 100 ml of 1.5% BSA in PBS containing 0.1% Tween
20 for 1 h at 370C on a rocker platform. The membrane was rinsed
three times with PBScontaining 1.5% BSAand 0.1% Tween 20 (wash-
ing buffer), overlayed with '25I-labeled probe (DIE2, IF5, or mouse Ig)

and then incubated for 90 min at room temperature on the rocker. The
membrane was rinsed with several changes of washing buffer with
rocking for 15 h at room temperature, then dried and exposed to X-ray
film (X-Omat, Eastman Kodak Co., Rochester, NY) at -70'C.

Statistical analysis. The data were analyzed using Student's t test
and results with a P value of < 0.05 were considered to be statistically
significant.

Results

Effect on survival. The survival rates in each group are shown
in Fig. 1. Renal disease seemed the final cause of death among
NZB/W F. mice because the mice died soon after showing
massive proteinuria (> 333 mg/dl). In the first series of the
experiments, 20% of the mice in the Ig-NCS group were alive
at 11 mo of age and 38% in the 1F5-NCS group. Only the
DIE2-NCS group differed significantly in survival (10½/2 mo; P
<0.05). In the second series, both control and Ig-NCS groups
had died after 7 or 8 mo of age. In contrast, all mice termed
anti-Id-NCS in Fig. 1 B, which were treated with DIE2-NCS
plus lF5-NCS, were living at 9 mo of age. The prolonged
survival time in this group was evident since 95% of mice were
still alive at 11 mo of age, compared with 45% in the other
groups (101/2 mo; P < 0.01).

Urinalysis and glomerular injuries. Serial urinalysis was
used to monitor the development of renal injuries in NZB/W
F. mice. As demonstrated in Fig. 2, half of Ig-NCS-treated or
untreated mice had significant proteinuria (> 111 mg/dl) at
8½/2 moof age. The positive frequency of massive proteinuria in
DIE2-NCS group was low compared with that in mouse Ig-
NCS group (10 mo; P < 0.005). Most of the Ig-NCS and
untreated groups in the second series became positive for mas-
sive proteinuria (> 333 mg/dl), followed by death. In contrast,
treatment with DlE2-NCS plus lF5-NCS (anti-Id-NCS) pre-
vented more significantly an early development of proteinuria
(9 mo; P < 0.005). Massive proteinuria was observed in only
14% of this group by the beginning of the 10th mo of age.
However, 67%of the mice had significant proteinuria at 1I1 mo
of age.

The kidneys in each mice at 11 mo of age were examined
microscopically for lesions, and the glomerular injury was
evaluated by activity index and chronicity index. The results
showed that the degree of glomerular damage was mild in the
anti-Id-NCS group, when compared with that in the Ig-NCS
or in the nontreated group (Table I).

Levels of anti-DNA autoantibodies in sera. Treatment of
NZB/WF1 mice with anti-Id-NCS also prevented the develop-
ment of high titers of antibodies to dsDNAas well as to ssDNA
(Fig. 3). Small amounts of anti-DNA antibodies were detected
at 8 moof age in each group. The titers of anti-DNA antibod-
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Figure 1. Comparison of survival time. (A) Each group of 18 female
NZB/W F. mice was intraperitoneally administered with DIE2-
NCS, IF5-NCS, or with mouse Ig-NCS from 4 moof age. (B) 16 and
20 mice were also given the mixture of Dl E2-NCS plus I F5-NCS,
termed as anti-Id-NCS, or mouse Ig-NCS as described in Methods.
23 mice were not treated.

ies were significantly lower in anti-Id-NCS treated mice than
in controls at age 11 mo. The geometric mean titers of IgG-
anti-dsDNA or IgG-anti-ssDNA antibody were 0.21±0.09 or
0.20±0.08 OD in mice treated with anti-Id-NCS, but
0.41±0.19 or 0.29±0.17 in mice treated with Ig-NCS, and
0.39±0.17 or 0.31±0.13 in untreated mice (P < 0.05 com-
pared with either control group; Student's t test). The decrease
of anti-DNA antibody production does not reflect generalized
suppression of the production of antibodies to foreign antigens
or other autoantibody. The levels of anti-DNP antibodies or
of natural thymotoxic antibody in anti-Id-NCS treated mice
were similar to those in the other groups (Table II). There was
also no significant difference in the amounts of mean serum
IgG among the groups.

Anti-DNA-Id activity in sera and in glomerular eluates.
The quantities of anti-DNA-Id were first studied by absorp-
tion tests using anti-Id (DlE2 and 1F5)-coupled activity in
sera. Fig. 3 shows that the treatment of anti-Id-NCS caused a
significant decrease of Id-positive antibodies, when the ab-
sorption of anti-ssDNA antibodies was compared with those
in mouse Ig-NCS and in the nontreated group (P < 0.02 and
<0.01). Id in anti-dsDNA antibodies were also low in anti-
Id-NCS groups (P < 0.05 and <0.01). Thus, the reduction of
anti-DNA antibodies in sera of anti-Id-NCS-treated mice
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Figure 2. Frequency of proteinuria. Urinary protein
in (upper panel) DlE2-NCS (I-a), IF5-NCS (1-b),
mouse Ig-NCS (1-c), and (lower panel) DlE2-NCS
plus IF5-NCS (2-a), mouse Ig-NCS (2-b), or the un-

treated (2-c) group was determined according to the
method of Knight et al. (29). Percentages reflect the
current incidence of proteinuria in the surviving
mice. (o) < 37 mg/dl; (EB) 37 mg/dl; (m) _ 111

mg/dl; (m) ' 333 mg/dl.

may be mainly attributed to a decrease of anti-DNA-Id-posi-
tive antibodies, which were targeted by anti-Id antibodies. It
was also noted that the amounts of anti-dsDNA antibodies
with irrelevant idiotypes decreased to 51% of those in mouse
Ig-NCS treated mice or to 75% in untreated mice. Similarly,
those of anti-ssDNA antibodies were 65% and 87% in the
controls. A decreased expression of 0-81 and NE- I Id in serum
anti-DNA antibodies was also confirmed by an IEF analysis as
demonstrated in Fig. 4. The studies revealed that 56% or 64%
in anti-Id-NCS-treated mice resulted in negative tests for
0-81-Id or NE-Id in sera.

Table I. Effect of Anti-Id-NCS on the Light Microscopy
Histology Score

Group Anti-ld-NCS Mouse Ig-NCS Nontreated

Activity index 6.6 (1-14)* 9.75 (4-14) 10.0 (2-22)
L.| . P < 0.05 -

P < 0.02
Chronicity index 0.4 (0.2) 1.75 (1-5) 4 (1-7)

P < 0.05 . _

P < 0.02

Only data of the subgroup of surviving mice of which renal histology
is available are given.
* Mean (range).

The quantities of anti-DNA idiotypes in the glomerular
eluates were also studied by an absorption test (Table III). 0-81
and NE- 1-Id-positive anti-DNA antibodies shared with
24-42% of total anti-DNA antibodies in the renal eluates from
the untreated lupus mice. In the eluates from anti-Id-NCS
group, the amounts of anti-DNA antibodies, which mainly
expressed irrelevant Id, were lower than those in both control
groups.

Anti-DNA PFCin spleen. The numbers of PFCspecific for
DNAdeterminants were variable when spleen cells were used
in the 11th mo. As shown in Fig. 5, all mice in control groups

had above 3 X I03 anti-DNA PFC in the spleen, whereas some

in the anti-Id-NCS group had markedly decreased PFC (P
< 0.01). When2 ,eg of free anti-Id antibodies (D 1 E2 and I F5)
was added to spleen cells during PFC assay (blocking test),
there were only half as many anti-DNA PFC as those when
mouse Ig was added. However, in anti-Id-NCS group, the
numbers of anti-DNA-PFC were the same whether mouse Ig
or anti-Id was added (data not shown).

In vitro studies. The spleen cells were also tested for anti-
DNAand anti-DNP antibody-producing ability in vitro. The
cultures using the spleen cells from mouse Ig-NCS or the un-

treated group had 21.4±1.2 or 20.8±0.9 dsDNA PFC and
19.7±1.8 or 20.2±1.8 ssDNA PFC per 1 X 106 spleen cells,
whereas those from the anti-Id NCSgroup had 7.4±1.1
dsDNA PFCand 4.6±0.4 ssDNA PFC (P < 0.02). The elimi-
nation of Id-positive cells in anti-Id-NCS group was clearly
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Figure 3. Anti-dsDNA and anti-ssDNA antibodies and their idio-
type expression in sera at 11 mo of age. Each serum sample at 1:500
dilution was applied to a mouse Ig-Sepharose column or to a column
of the mixture including DI E2-Sepharose and 1F5-Sepharose. (A)
Anti-dsDNA antibody and (B) anti-ssDNA antibody activity in each
sample was determined before or after passing through the column
by ELISA as described in Methods (mean OD±SE). The numbers of
mice in each group: DlE2-NCS plus lF5-NCS, termed anti-Id-NCS
(n = 14), mouse Ig-NCS (n = 5), the untreated (n = 10). (ii) Idiotype-
positive portions of the total IgG anti-DNA antibodies expressed as
DNA-binding of the effluent from mouse Ig Sepharose column
minus that from anti-Id (D1E2 plus lF5)-coupled Sepharose col-
umn. (o) Idiotype-negative portions of the total IgG anti-DNA anti-
bodies.

shown when Dl E2- or 1 F5-binding cells were directly counted
by an ELISPOT assay (Table IV). Anti-DNP responses after
the stimulation of DNP-KLH in vitro were similar among the
untreated, Ig-NCS, and anti-Id-NCS groups.

Discussion

In the present study, we demonstrated a successful manipula-
tion of the production of spontaneously occurring anti-DNA
antibodies in autoimmune NZB/W F. mice through anti-Id
immunity. Anti-Id antibodies used were originally developed
against Id of human monoclonal anti-DNA antibodies. Dl E2
recognized Id in antigen binding sites of anti-ssDNA antibod-
ies, 0-81. 1F5 specifically reacts with Id in paratopes of anti-
dsDNA antibodies, NE- 1. Both Id were commonly expressed
on anti-DNA autoantibodies or surface immunoglobulins of

b, b2 al 1a2 a3 c2 c3b b2ola203 Cl C2 c3
Figure 4. Idiotype expression in sera. The sera were obtained from
(a) Ig-NCS-treated mice, (b) anti-Id-NCS-treated, and (c) the un-
treated at 11 moof age. Spectrotypic patterns were then analyzed by
IEF using '251-labeled (A) lF5, (B) DlE2, or (C) mouse anti-y as
probes.

B cells from patients with SLE, especially with active lupus
nephritis (21). Wehave also observed that 0-81 and NE- 1 Id
were associated with renal lesions of SLE, based on the deposi-
tion in renal glomeruli of active lupus patients and the specific
detection of circulating immune complexes involving 0-81 Id
in patients with renal lesions (20). Thus, 0-81 and NE- 1 Id are
markers of nephritogenic antibodies in human SLE, and anti-
DNAantibodies expressing these Id may play an important
role in the pathogenesis of lupus nephritis. We then proved
that 0-81 and NE- 1 Id were interspecies Id, distributed in mu-
rine anti-DNA antibodies as well as in humans (32). These Id
were also expressed on anti-DNA autoantibodies in NZB/W
F1 mice as shown in Fig. 5. Based on the above mentioned
data, we tried to achieve selective suppression of anti-DNA
antibody production in NZB/W F. mice by using D1E2
and lF5.

Table II. Level of Serum Antibodies in Mice at 11 moofAge

Group No. of mice IgG anti-DNP Ab* IgM anti-DNP Ab* Total IgGt NTA§

Anti-Id-NCS 9 0.343±0.079 0.281±0.079 5.43±0.30 6.25±0.42
Mouse Ig-NCS 5 0.362±0.165 0.282±0.139 4.94±0.22 5.84±1.03
(-) 9 0.357±0.114 0.273±0.087 5.14±0.14 6.43±0.72

* Spontaneously occurring anti-DNP antibody activity in 1: 100 diluted serum was measured by ELISA as described in Methods. Anti-DNP
activity was expressed as total binding to DNP-BSAminus that to BSA (mean OD±SE). t Mean±SE (mg/ml). § Natural thymocytoxic anti-
body titers were expressed as the maximum dilutions (log 2) of serum for cytoxic activity to BALB/c thymocytes.
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Table III. Anti-DNA and Id Activity in Glomerular Eluates

Group Preabsorption Anti-ssDNA Ab Anti-dsDNA Ab

Anti-Id-NCS Mouse Ig 0.236* 0.284*
DlE2 +1F5 0.211 0.274
DNA 0.051 0.037

Mouse Ig-NCS Mouse Ig 0.542 0.431
DlE2 + iF5 0.317 0.303
DNA 0.075 0.060

Nontreated Mouse Ig 0.508 0.423
DlE2 + iF5 0.403 0.289
DNA 0.048 0.072

The glomerular eluates at 1:50 dilution were first passed through an
equal volume of the indicated reagent-coupled Sepharose column,
and then tested for direct binding ability to ssDNA or to dsDNA by
ELISA.
* Value in OD492.

An important point in our strategy is the use of anti-Id
antibodies in combination with a cytotoxic agent, NCS, which
would directly eliminate relevant Id-positive clones in vivo.
Generally, cytotoxic agents with low molecular weights may
lose their cytotoxicity during the coupling process, whereas
toxins with large molecular weights may have difficulty in
entering target cells and mediating a cytodestructive effect. In
addition, even after binding to the corresponding cells, anti-Id
antibodies covalently conjugated with cytotoxic agents seem
unsuited to deliver toxins into the cytoplasma because the
antibody complexes can be endocytosed only with difficulty.
The reason for our choice of NCSis that it has theoretical and
practical advantages over other immunotoxins or cytotoxic
agents for eliminating the target clones. The apoprotein that is
not the active part of NCS, is responsible for binding to anti-Id
antibodies through its reaction with the coupling agent SPDP
(33). Therefore, the chromophore, another component of
NCS, can retain its pharmacological activity in an intact form
after the coupling procedure (28). After binding to Id determi-
nants on the cell surface, the chromophore, or the active part

of NCS(34, 35), can be dissociated and easily enter the target
cells and act effectively (33). Another merit is that NCShas
been widely used for cancer therapy in Japan, suggesting the
possibility of clinical application. Precise information on the
preparation and its merits have been given elsewhere (28).

The administration of anti-Id-NCS was effective in sup-
pressing lupus nephritis (Fig. 2) and in prolonging survival
rates (Fig. 1) in NZB/W F1 mice. Decreased response was
specific to anti-DNA responses since the levels of anti-DNP
antibodies and total amounts of Ig molecules were similar
among all groups (Table I). The reduction in anti-DNA anti-
body synthesis seems to be mainly attributable to Id-mediated
suppression as shown in Fig. 4, where the quantities of 0-81
and NE- I Id-positive anti-DNA antibodies were markedly de-
creased in anti-Id-NCS-treated mice. The question arises
whether suppression of anti-DNA antibodies expressing some
Id may evoke an enhanced synthesis of irrelevant Id-positive
antibodies in vivo. This possibility seems to be unlikely in the
present system because the amounts of 0-81 and NE- l-Id-neg-
ative anti-DNA antibodies were decreased, compared to those
in control mice (Fig. 4). The targets by anti-Id-NCS treatment
may be B cells because the numbers of anti-DNA PFCin the
spleen were decreased in half in the anti-Id-treated mice at 11
months of age. The cells from this group also had a diminished
ability to produce anti-DNA PFCin vitro. DI E2-NCS directly
killed 0-81 Id-positive B cells in human in vitro system (19,
21). Thus, the reduction may be mainly due to the elimination
of Id-positive antibody-producing cells. The suppression, how-
ever, could not be explained solely by the elimination of Id-
positive B cells, since Id-negative anti-DNA antibodies were
also decreased in the treated mice. This is interesting from the
view point of Id-related T cell regulation. Anti-Id antibodies
are capable of evoking an activation of T cells with helper or,
with suppressor activity (36). Anti-Id-NCS would eliminate T
cells directly responsive to anti-Id antibodies through the cy-
totoxic action of NCS. Recent works have also demonstrated
that Id-specific T cells could be generated through interacting
with Id-positive B cells and then modify specific immune re-
sponses. The induced T cells may have the ability to work to a
wide range of B cell repertoires. The procedure in this paper

Numbers of anti-dsDNA-PFC per spleen

<102 103 1o4

A Anti-ld-NCS *

B Mouse lg-NCS * 00

C Untreated 000

Nuntws of anti-ssDNA-PFC per spleen
< 102 103 104

A Anti-Id-NCS * * 0 0

B Mouse l9-NCS **

C Untreated 0 0 0*
Figure 5. Anti-DNA PFC in spleen.
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Table IV. In Vitro Study

No. of antibody-producing cells

Group ssDNA dsDNA DIE2 1F5 DNP*

Anti-Id-NCS (n = 5) 4.6±0.14$ 7.4±1.1* 0.1±0.1§ 0§ 149.2±7.1$
Mouse Ig-NCS (n = 5) 19.7±1.8 21.4±1.1 4.8±0.6 4.6±0.5 146.1±4.9
Untreated (n = 5) 20.2±1.8 20.8±0.9 ND ND 143.0±2.9

Spleen cells (I x 106) were incubated without any antigens for 5 d in 5%CO2at 370C and then tested for ELISPOT assay as described in
Methods. ND, not determined. * Spleen cells (1 X 106) from each group were stimulated with DNP-KLH (10 ,g/ml) in vitro, cultured in 5%
CO2at 370C, and washed 48 h later. Then the cells were again cultured in 5%CO2at 370C for 5 d and tested for ELISPOT assay. * Average
number of IgG-type antibody-producing cells per 106 spleen cells ± SE. § Average number of IgM-type antibody-producing cells per 106 spleen
cells ± SE.

will inhibit the expansion of Id-specific T cells by blocking
their interaction with Id-positive B cells, which are eliminated
by anti-Id-NCS (21). This may result in a diminished anti-
DNAsynthesis in vivo. This mechanism is theoretically dif-
ferent from that related to the administration of anti-Id anti-
body alone, and may be partly responsible for decreased anti-
DNAantibody synthesis in vivo with anti-Id-NCS treatment.

A problem still remains concerning the application of
anti-Id immunity for the therapy of autoimmune diseases.
Anti-Id antibodies have the ability to strictly discriminate Id-
positive clones from many irrelevant cells. Autoantibodies,
however, are heterogenous and, therefore it may be asked
whether anti-Id antibodies are capable of bringing about a
sufficient suppression of in vivo autoantibody synthesis. There
are at least two ways of overcoming this problem. One is to
obtain anti-Id antibodies with Ab 2a or Ab 2'y activity, which
are able to react with Id common among a wide range of
autoantibodies. Another is the use of anti-Id antibodies recog-
nizing pathogenic autoantibodies. This is based on the hy-
pothesis that a selective manipulation of pathogenic antibodies
may result in blocking of development of tissue injuries
through the autoimmune process. Werecently obtained data
that the numbers of nephritogenic anti-DNA antibodies are
restricted in human SLE although serum anti-DNA antibod-
ies are markedly heterogenous (20). This indicates the possibil-
ity of controlling pathogenic antibody synthesis by a limited
number of anti-Id antibodies. In fact, the above-mentioned
idea is supported by the present paper, which showed that the
mixture of two monoclonal anti-Id antibodies conjugated
with NCShas the ability to bring about an improvement in the
survival rate of NZB/WF1 mice. Wefailed to completely in-
hibit the development of lupus nephritis in NZB/WF. mice.
Previous studies have demonstrated that the viral envelope
glycoprotein (gp) 70-associated immune complexes are the
other major factors responsible for the renal injuries in
NZB/WF1 mice (36). Anti-Id antibodies used in this experi-
ments may not be reactive to anti-gp 70 antibodies so that the
administration of anti-Id-NCS might be unable to suppress
the production of gp 70-associated immune complexes. Thus,
gp 70 immune complexes might be at least partly responsible
for the development of immune complexes nephritis in anti-
Id-NCS groups.

Taken together, the presented data suggest the feasibility of
employing anti-Id immunity for the therapy of autoimmune
diseases. Further studies to obtain human monoclonal anti-Id
antibodies are in progress.
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