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Abstract
Objective

Systemic lupus erythematosus is an autoimmune disease characterized by the production of anti-dsDNA antibody.
Because the titer of anti-dsDNA antibody is correlated with disease severity, especially in lupus nephritis, controlling

anti-dsDNA antibody production is important in the treatment of SLE. There are many regulatory mechanisms of
autoantibody production; one of these is the interaction between idiotype and anti-idiotype antibody (anti-Id). The 

purpose of the present study was to assess the effect of anti-Id on anti-dsDNA antibody production and apoptosis and
to study the mechanism of anti-Id induced apoptosis.

Methods
After anti-dsDNA antibody producing hybridomas were treated with anti-Id, we checked the amount of anti-dsDNA
antibody production, the rate of transcription, cellular proliferation, and apoptosis. Also, after treatment with anti-

oxidant (N-acetyl-Lcysteine), phorbol esters with calcium ionophore and corticosteroids, we compared their effect on
apoptosis with anti-Id.

Results
Two types of anti-dsDNA antibody producing hybridomas (G1-2, and chains; M2-10, and chains) were 

treated with anti-Id and it was found that: (1) the amount of anti-dsDNA antibody production decreased; (2) the rate
of transcription and cellular proliferation did not decrease; and (3) the level of apoptosis increased. The two cells

expressed Fas and Fas-ligand, and the Fas of G1-2 was functional but that of M2-10 was not. The treatment of these
cells with anti-Id resulted in no change in Fas-ligand and Bax expression, but the expression of Bcl-2 was decreased.
In addition, treatment with antioxidant (N-acetyl-L-cysteine) inhibited anti-Id-induced apoptosis in G1-2 and M2-10.

Phorbol esters with calcium ionophore also inhibited anti-Id induced apoptosis in M2-10. Corticosteroids induced
apoptosis in both cells and showed similar results with anti-Id induced apoptosis.

Conclusion 
The anti-Id suppressed the production of anti-dsDNA antibody in two cells by inducing apoptosis, as did 

prednisolone. Furthermore, Bcl-2, oxygen-free radicals and protein kinase C might be involved in the induction of
apoptosis by anti-Id.
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Introduction
Systemic lupus erythematosus (SLE) is
an autoimmune disease ch a ra c t e ri ze d
by the production of various autoanti-
bodies. Antibodies to ds-DNA play an
important role in the diagnosis of SLE.
The titer of anti-dsDNA antibody is
f re q u e n t ly associated with incre a s e d
disease activ i t y, e s p e c i a l ly in lupus
nephritis (1-3). 
Anti-idiotypic antibodies (anti-Id) rec-
ognizing the variable regions of anti-
body may regulate the expression of
idiotypic determinants on B cell sur-
faces and could thus play a key role in
the induction of self-tolerance (4, 5 ) .
Thus, interest has focused on anti-Id
for the treatment of autoimmune dis-
ease. There are some reports that des-
c ribe the successful manipulation of
autoantibody production by anti-Id in
several autoimmune diseases. Especial-
ly in animal model of SLE, treatment
with monoclonal anti-Id showed a
reduction of the titer of anti-dsDNA
antibody and diminished clinical mani-
festations (6-9). Anti-Id may be thus
helpful in the treatment of SLE, but its
mechanism has not been fully clarified.
Binding of B cell receptor (BCR) to
a n t i - i m mu n og l o bulin (anti-Ig) anti-
body is thought to show the same ef-
fects as anti-Id. When the IgM antigen
re c eptor was cro s s l i n ked with poly-
clonal anti-IgM antibody in mouse B
lymphocytes, the amount of antibody
p roduction decre a s e d. These B ly m-
phocytes did not show reduced prolif-
eration but progressed toward apopto-
sis (10), Furthermore, when B lympho-
cytes in Peyer’s patches in sheep were
treated with anti-Ig antibodies, apopto-
sis was increased (11). 
Th u s , anti-Ig antibody is thought to
play an important role in the induction
of apoptosis. Unlike necrosis, which is
associated with increasing permeability
of the plasma membrane, apoptosis is
characterized by DNA fragmentation,
m e m b rane bl ebb i n g, and ch ro m at i n
c o n d e n s ation (12). Apoptosis can be
induced actively through the ligation of
specific receptors such as Fas, or pas-
sively through the lack of essential sur-
vival signals such as IL-2 and interfer-
on-3, which act by upregulating the ex-
p ression of antiapoptotic molecules

such as Bcl-2 (13,14). The study of
Renschler et al. (15), which was con-
ducted using lymphoma cells, was until
recently the only report on apoptosis
re l ating to anti-Id. Since these ly m-
phoma cells go through spontaneous
apoptosis in vitro, their study attempted
to verify apoptosis due to anti-Id by
m e a s u ring ex t racellular acidifi c at i o n
under laboratory conditions. Corticos-
t e roids (CS) are immu n o s u p p re s s ive
drugs that are widely used to treat SLE
and decrease anti-dsDNA antibody titer
(16). It is known that apoptosis can be
induced by CS. The mechanism of
apoptosis induced by CS is not clear,
but many biochemical and molecular
changes have been shown to occur in
lymphocytes in response to CS (17-19).
We produced two anti-dsDNA anti-
b o dy producing hy b ridoma from the
MRL-lpr/lpr (MRL/lpr) mouse, an ani-
mal model of SLE, that naturally pro-
duces several autoantibodies including
a n t i - d s D NA antibody (20, 2 1 ) , a n d
studied the effect of anti-Id on antibody
p roduction and apoptosis. We also
determined the CS effect on these cells.

Materials and methods
Monoclonal anti-dsDNA antibody 
producing cells
We obtained hybridoma cells from the
fusion of SP2/0 myeloma cells and
spleen cells of a 26-week-old MRL/lpr
mouse with 50% polyethylene glycol
4000 (Gibco BRL, Gaithersburg, MD)
solution. The hy b ridoma cells we re
cultured in HAT medium supplemented
with 20% fetal bovine serum (FBS)
(Gibco BRL, Gaithersburg, MD), 100
U/ml penicillin and 100 mg/ml strepto-
mycin at 37°C under a 5% CO2 envi-
ronment. Supern atants of hy b ri d o m a
c u l t u re fluid we re screened for anti-
dsDNA by ELISA as described previ-
ously (22, 23). We selected cells which
p roduced anti-dsDNA antibodies and
cloned them twice by limiting dilution
with DMEM (Sigma, St. Louis, MO)
containing 10% FBS. We used an iso-
typing kit (Pierc e, R o ck fo rd, IL) to
determine the isotypes of anti-dsDNA
monoclonal antibody producing cells,
which were G1-2 (γ and κ chain pro-
duction) and M2-10 (µ and κ ch a i n
production) cells. After bulk culture of
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these cells, we purified monoclonal an-
tibodies using affinity chromatography
with a DNA aga rose column (Gibco
BRL, Gaithersburg, MD). The concen-
tration of antibodies was measured by
absorbance at 280 nm using a specto-
photometer (Bio-Rad, Hercules, CA).
P u ri fied antibodies we re detected by
SDS-PAGE and western blotting.

Anti-Id production
The same amount of purified anti-ds
DNA antibody (1 mg/ml) from G1-2
cells culture supernatants and complete
Fre u n d ’s adjuvant (Sigma, St. Louis,
MO) were mixed and inoculated into a
rabbit and those of M2-10 cells into
another rabbit. Rabbits received boost-
er shots in the same manner 3 weeks
later, and then twice afterwards at one-
week interva l s , and we re bled one we e k
after the last boosting. Sera collected
from blood were tested with ELISA for
the documentation of re a c t ivity with
a n t i - d s D NA antibody. The immu n o-
globulin fraction of the sera that was
prepared with 50% ammonium sulfate
was verified by western blotting, and
affinity purified on an agarose column
conjugated with normal mouse-IgG (or
C N B r- S ep h a rose column conjugat e d
with normal mouse-IgM in M2-10) for
removal of fraction that bind with Fc
p o rtion of mouse immu n og l o bu l i n
(24). Anti-Id to IgG (or IgM) anti-DNA
a n t i b o dy we re obtained by passage
through a protein A column (or anti-
rabbit IgM agarose column in M2-10)
of puri fied immu n og l o bulin. A n t i - I d
from the sera of rabbits were verified
for specificity to with ELISA and used
in the present study. For the contro l
group, Ig separated from the extracted
pre-inoculation serum was used.

Anti-dsDNA antibody EL ISA
Anti-Id or normal Ig was added to the
G1-2 and M2-10 cells (1 ml of 5 x 104

cells/ml) at dilutions of 5, 10, 100, and
1,000-fold. After culturing for 24, 48
and 72 hrs in 24-well plates, ELISA
was performed. In 96-well plates coat-
ed with calf thymus dsDNA (Sigma, St.
Louis, MO), 0.1 ml of each cell culture
supernatant was added. Alkaline phos-
p h atase conjugated rabbit anti-mouse
IgG (Sigma, St. Louis, MO) at a dilu-

tion of 1:10,000 was applied to the
plate, and then p-nitrophenyl phosphate
(Sigma, St. Louis, MO) was added as
substrate. The plates were read at 405
nm using ELISA plate reader (Bio-
R a d, H e rc u l e s , Ca). Optical density
(OD) values we re determined as the
mean of triplicate readings.

Measurement of cell proliferation
G1-2 and M2-10 cells (0.1 ml of 5 x 104

cells/ml) we re placed in 96-well ro u n d
bottom plates and tre ated with anti-Id or
n o rmal Ig for 30 hrs. One micro c u rie of
3[H] thymidine (6.7 Ci/miMole, N ew
England Nucl e a r, B o s t o n , MA) wa s
a dded to each well. The cells we re har-
vested onto glass-fiber fi l t e rs after an
a dditional 18 hours of culture. The lev-
els of cell pro l i fe ration we re determ i n e d
by measuring ra d i o a c t ivity with a scin-
t i l l ation counter (Pharmacia LKB, U p p-
s a l a , S we d e n ) .

Northern blot
In order to compare the transcription
rates, anti-Id diluted 10-fold was added
to GI-2 and M2-10 cells (20 ml of 5 x
104 cells/ml) and cultured for 48 hrs.
Total RNA was sep a rated using an
RNeasy Mini Kit (Qiage n , H i l d e n ,
G e rm a ny) and electro p h o re s e d. Th e
R NA bands we re moved to a ny l o n
membrane and hybridization with Cγ,
Cµ, and Cκ p robes we re perfo rm e d.
After washing, the bands were exposed
for several hours on an imaging plate
( BAS-MP 2040S, F u j i , K a n agawa ,
Japan) and the intensity of each band
was measured with a phosphor imager
( BA S - 2 5 0 0 , F u j i , K a n agawa , Jap a n ) .
The band’s intensity was compare d
with the control group after performing
internal standardization with the inten-
sity of the β-actin band.

Flow cytometric analysis
Fas and FasL. One ml of G1-2 or M2-
10 cells (5 x 104 cells/ml) was cultured
in a 24-well plate for 3 hrs,and then the
cells were collected. After adding FITC
c o n j u gated anti-mouse Fas antibody
(mouse, monoclonal IgG, Pharmingen,
San Diego, CA) at a concentration of 1
µg/106 cells, the cells were left in the
d a rk at 4°C for 30 hours. The cells
were washed again with PBS and ana-

ly zed using a FACStar Plus (Becton
Dickinson, Mountain View, CA).
For FasL, the G1-2 and M2-10 cells
were cultured with anti-Id or predni-
solone for 2, 4, 6, 14 and 22 hrs and R-
p hy c o e ry t h rin conjugated anti-mouse
FasL antibody (mouse, m o n o cl o n a l
IgG, Pharmingen, San Diego, CA) was
added at 4 µg/106 cells.
Measurement of apoptosis. After plac-
ing 3 ml of G1-2 and M2-10 cells in a
6-well plate and adding anti-Id or nor-
mal Ig diluted 10-fold, the plates were
cultured for 2, 4, 6, 8, 24 and 48 hours.
After collecting the cells, annexin V-
FITC incubation reagent (10 x binding
bu ffe r, p ropidium iodide, a n n exin V-
F I T C , Trev i ge n , G a i t h e rs bu rg, M D )
was added and the wells were stored at
room temperature in the dark. After 15
minutes, binding buffer was added and
a n a ly zed with FACStar Plus. A f t e r
treating with anti-mouse Fas antibody
(Jo-2, hamster, monoclonal IgG, Phar-
m i n ge n , San Diego , CA) at va ri o u s
concentrations (0.01 – 50 µg/ml) for 3,
5,7 and 22 hrs,the cells were analyzed.
To determine whether apoptosis wa s
induced by CS, various concentrations
of prednisolone (Upjohn, H wa s u n g,
Korea) were added to the cells and cul-
tured for 3 and 22 hrs. The cells were
analyzed with FACStar Plus.
To evaluate the role of oxygen-free rad-
icals and protein kinase C in apoptosis
induced by anti-Id or prednisolone, N-
a c e t y l - L - cysteine (Sigma, St. Louis,
MO) or calcium ionophore A2187 (Sig-
ma, St. Louis, MO) and phorbol myris-
t ate acetate (Sigma, St. Louis, M O )
was added to each anti-Id or predniso-
lone treatment. The cells were cultured
for 4 and 22 hrs and analy ze d. Th e
results were compared with those of
anti-Id alone or prednisolone alone.

DNA electrophoresis
S even ml of G1-2 and M2-10 cells
were placed in a 25 cm2 flask and anti-
Id or prednisolone was add e d. Th i s
mixture was cultured for 5 and 7 hrs
and the cells were collected. To the cell
p re c i p i t at e, TE bu ffer (10 mM Tri s -
HCl, 1 mM EDTA, pH 8.0) and lysis
bu ffer (5 mM Tri s , 20 mM EDTA ,
0.5% Triton X-100, pH 8.0) were add-
ed and left for 30 minutes at 4°C. After
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centrifuging at 13,000 rpm for 15 min-
utes, the supernatant was collected and
a dded with ethyl alcohol and 5 M NaCl,
and the mixture was left over-night at
-20°C. After centrifugation, TE buffer
and RNAse were added to react at 37°C
for 1 hour. Protein kinase was added
and incubated at 37°C for more than 2
h o u rs and electro p h o resed on 1.8%
agarose gel. The bands were compared
with the control.

Western blot
Cell culture and protein preparation.
Anti-Id was added to 7 ml of G1-2 and
M2-10 cells at a ratio of 1: 10 in a 25
cm2 flask and the cells were cultured
a c c o rding to the time sch e d u l e. Th e
cells were mixed with 50 µl lysis buffer
(70 mM β- g ly c e ro p h o s p h ate pH 7.2,
0.1 mM Na-Vanavate, 2 mM MgCl2 1
mM EDTA, 1 mM DTT, 0.5% Triton
X-100, and 0.2 mM phenylmethylsul-
fo ny fl u o ride) and left on ice for 30
minutes. The protein obtained from the
s u p e rn atant after centri f u gation at
13,000 rpm at 4°C for 10 minutes was
quantified by the method of Bradford
using a spectrophotometer (UV- 1 6 0 1
PC, Shimazu, Japan) at 595 nm.
Poly (ADP-ribose) polymerase (PARP).
Fifty mg of protein denatured on 9%
SDS-polyacrylamide gel (30% acryla-
mide, 1.5 M Tris, 10% SDS, 10% APS,
TEMED, 0.5M Tris) were electrophor-
esed and then transferred to a nitrocel-
lulose membrane using a Hoefer trans-
fer kit (Hoefer Scientific Instruments,
San Francisco, CA). The nitrocellulose
membrane was blocked with 5% non-
fat dry milk/TNE-T bu ffer (10 mM
Tri s - C l , 0.1 M NaCl, 1 mM EDTA ,
0.05% Tween 20) and reacted with
anti-PARP antibody (rabbit, polyclon-
al, Upstate Biotechnology, Lake Placid,
NY) for 3 hours at room temperature.
Anti-rabbit IgG-horseradish peroxidase
(Santa Cruz Biotech n o l ogy, S a n t a
Cruz, CA) was reacted for 90 minutes.
The band was ve ri fied using ECL
hyperfilm (Amersham Pharmacia Bio-
t e ch , B u ck i n g h a m s h i re, UK) and a
developer (Fuji Photo Film,Fuji, Kana-
gawa, Japan).
Bcl-2 family. In order to determine the
ch a n ges in the Bcl-2 ex p re s s i o n , t h e
p rotein (50 µg) denat u red on 12% SDS-

polyacrylamide gel was electrophores-
ed. Anti-mouse Bcl-2 antibody (mouse,
monoclonal IgG, Santa Cruz Biotech-
nology, Santa Cruz, CA) was used as
the primary antibody and anti-mouse
IgG-horseradish peroxidase (goat, San-
ta Cruz Biotech n o l ogy, Santa Cru z ,
CA) as the secondary antibody. For Bax,
anti-Bax antibody (rabbit, polyclonal,

Santa Cruz Biotechnology, Santa Cruz,
CA) and anti-rabbit IgG-hors e ra d i s h
peroxidase were used as the primary
and secondary antibodies, respectively.

Statistical analysis
Statistical analysis was performed with
the SPSSWIN statistical package pro-
gram. Comparisons between the con-

Fig. 1. The effect of anti-idiotypic antibody (anti-Id) on anti-dsDNA antibody production, transcrip-
tion,and cellular proliferation of anti-dsDNA antibody producing cells. (a) To compare the titer of anti-
dsDNA antibody (ab), ELISA was performed with culture supernant after incubation with anti-Id or
normal rabbit immunoglobulin (Ig) as control. Asterisks (*) denote a statistically significant difference
(p < 0.05) compared with the control. The horizontal axis shows the amounts of dilution of anti-Id. The
vertical axis shows the optical density that represents the amount of ab production. 
In G1-2 hybridoma cells, at the dilutions of 10- and 5-fold ab production significantly decreased com-
pared to that of the control. In M2-10 cells,the amount of ab production was also decreased by anti-Id.
(b) Northern blot of Ig heavy chains (Cγ, Cµ) and light chain (Cκ) was performed to compare the tran-
scription rate of Ig. β-actin used as an internal control. Anti-Id or control was diluted 10-fold. Lanes 1
and 2 represent control and anti-Id, respectively. Relative band densities of Cκ Cγ, or Cµ to β-actin
were not significantly different between the control and anti-Id for both cells. (c) After G1-2 and M2-
10 cells were cultured with control or anti-Id, 3[H]thymidine was added and radioactivity was measured
to compare cellular proliferation. 3[H]thymidine uptake counts did not decrease after anti-Id treatment
in both cells.

(a)

(b)

(c)
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trol and anti-Id groups, between anti-Id
alone and the combined tre at m e n t
gro u p s , and between prednisolone alone
and the combined tre atment gro u p s
we re analy zed using the Wi l c ox o n
matched-pairs signed-ranks test. P val-
ues less than 0.05 were considered sta-
tistically significant. 

Results
Effects of anti-Id on antibody produc-
tion, transcription and proliferation 
of anti-dsDNA antibody producing
cells
In order to determine the best condi-
tions for G1-2 and M2-10 cells to pro-
duce anti-dsDNA antibody, ELISA was
performed on various concentrations of
cells. The results, repeated 6 or 7 times,
s h owed that the amount of antibody
p roduction was highest on day 2 at
each cell concentration. Cell viability
at the concentration of 5 x l 04 cells/ml
on the second day of culture was 69-
82% and was 67-75% at 1 x 104 cells/
ml. Thus, anti-Id and the control were
cultured for 48 hours at 5 x 104 cells/
ml. 
The amount of anti-dsDNA antibody
production was compared using ELI-
SA. The concentration of anti-Id we
prepared was 2-3 mg/ml, then diluted
1,000 fold, 100 fold, 10 fold and 5 fold.
When anti-Id was added to G1-2 and
M2-10 cells at 1: 1,000 and 1: 100, the
amount of anti-dsDNA antibody pro-
duction was not different from the con-
trol. When anti-Id was diluted by 10-
and 5-fold, the amount of anti-dsDNA
antibody production of anti-Id treated
cells decreased significantly compared
to the control (Fig. 1a). Thus, at con-
c e n t rations higher than 0.2 – 0.3 mg/
ml, anti-Id resulted in decreased anti-
dsDNA antibody production. We con-
ducted further experiments at concen-
trations higher than 0.2 – 0.3 mg/ml. To
determine the effect of anti-Id on the
transcription rate of the Ig gene of G1-
2 and M2-10 cells, a northern blot was
performed. The intensity of the bands
on the Ig heavy and light chains did not
show a significant difference (Fig. 1b).
We tested 3[H]thymidine incorporation
to determine the effect of anti-Id on the
p ro l i fe ration of cells. The uptake of
3[H]thymidine after 48 hours of culture

did not show any difference according
to the concentration of treated anti-Id,
and there was no difference between
anti-Id treated and the control samples
(Fig. 1c).

Effects of anti-Id on apoptosis of 
anti-dsDNA antibody producing 
cells
We hypothesized that the decrease of
an t i - d s D NA antibody production of G1-
2 and M2-10 cells after anti-Id tre at m e n t
was due to inducing apoptosis of these
cells. The amount of apoptosis was eva l-
u ated by FACS analysis using annex i n
V-FITC and propidium iodide. Wh e n
the G1-2 and M2-10 cells we re tre at e d
with anti-Id or contro l , the number of
cells that we re stained with annexin V
and propidium iodide was incre a s e d
a c c o rding to the duration of tre atment in
both anti-Id and control samples. A f t e r
t re atment of 8 hours , the apoptosis of
anti-Id tre ated cells was more incre a s e d
than the controls (Fi g. 2a).
To confirm that apoptosis was induced
by anti-Id, the DNA from G1-2 and
M2-10 cells treated with anti-Id were
e l e c t ro p h o re s e d. DNA ladd e ring wa s
verified in G1-2 cells at 7 hours after
culture and in M2-10 cells at 5 hours
(Fig. 2b).
We also checked caspase activation by
measuring the cleavage of PARP. When
caspases are activated by apoptotic sig-
nals, PARP is cleaved from a 116 kd
whole molecule to an 85 kd fragment.
The PARP cleavage was shown in G1-2
and M2-10 cells after treatment with
anti-Id; lightening of the 116 kd band
and darkening of the 85 kd band were
verified (Fig. 2c).

The mechanism of apoptosis-induced
by anti-Id treatment
For G1-2 and M2-10 cells, the expres-
sion of Fas and FasL was verified. To
determine whether expressed Fas plays
a role in ap o p t o s i s , these cells we re
treated with IgG anti-Fas antibody (Jo-
2), which is known to induce apoptosis
by binding to Fas. The viability of G1-
2 cells decreased in proportion to the
Jo-2 concentration, but the decrease in
the viability of the M2-10 cells did not
c o rre l ate with the Jo-2 concentrat i o n
(data not shown). To determine the cor-

re l ation between FasL and ap o p t o s i s
i nduced by anti-Id, G1-2 and M2-10
cells we re tre ated with anti-Id and the
d egree of FasL ex p ression was com-
p a red to that of the control. Th e re wa s
no diffe rence between the control and
anti-Id tre ated groups (data not show n ) .
There is a report that the Bcl-2 family
is involved in B cell receptor (BCR)
ligation-induced apoptosis (25). Since
it has been reported that the levels of
Bcl-2 mRNA do not correlate well with
the levels of Bcl-2 protein (26), we
checked the levels of Bcl-2 and Bax
protein to investigate the possible role
of the Bcl-2 fa m i ly in the ap o p t o s i s
induced by anti-Id. When treated with
anti-Id, the intensity of Bcl-2 gradually
decreased with time in G1-2 and M210
cells; however, the intensity of the Bax
band did not show any differences (Fig.
3).
It has been suggested that ap o p t o s i s
may be caused by the accumulation of
oxygen-free radicals (27). We evaluat-
ed cell viability after tre atment with
a n t i - oxidant (N-acetylLcy s t e i n e, 1 mM).
When G1-2 and M2-10 cells we re
treated with both N-acetyl-L-cysteine
and anti-Id, the cell viability increased
c o m p a red to those cells tre ated with
anti-Id alone (G1-2; 79.1 ± 1.0 vs. 62.6
± 2.4%, p < 0.05, M2-10; 60.2 ± 5.1 vs.
50.1 ± 5.5%, p < 0.05, at 4 hours), and
the cell viability increased proportion-
ally to the concentration of N-acetyl-L-
cysteine (Fig. 4).
It has been reported that the activation
of protein kinase C (PKC) and increase
in [Ca2+] override the BCR-mediated
induction of apoptosis (11). When G1-
2 and M2-10 cells were treated with
anti-Id and calcium ionophore A2187
(50 nM) and phorbol 12-myristate 13-
acetate (10 nM), which are known to
participate in many stages of cell sur-
vival,the cell viability of G1-2 cells did
not show any difference, whereas tha t
of M2-10 cells showed higher than
anti-Id alone (41.5 ± 6.2 vs. 54.5 ±
7.9%, p<0.05, at 22 hours; Table I).

The effect of CS on apoptosis of anti-
dsDNA antibody producing cells
CS is commonly used to treat lupus
n ep h ritis and is known to induce ly m p h -
ocyte apoptosis. The induction of apop-
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tosis of G1-2 and M2-10 cells by CS
was verified. The classic DNA ladder-
ing pat t e rn was observed after tre at-

ment with CS on both G1-2 and M2-10
cells (Fig. 5a). When treated with CS,
the cell viability decreased compared

to that of the control and this decrease
was proportional to the concentration
of CS (Fi g. 5b). We determined the
prednisolone concentration (G1-2: 50
µM,M2-10: 10 µM) where the cell via-
bility could be maintained betwe e n
50% – 60% and next experiment was
conducted. The degree of FasL expres-
sion in G1-2 and M2-10 cells after
treatment with CS did not show any
difference compared to that of the con-
t rol (data not shown). When tre at e d
with both N-acetyl-L-cysteine (1 mM)
and CS, the cell viability incre a s e d
c o m p a red to CS only (Fi g. 5c). By
adding calcium ionophore A23187 and
phorbol 12-my ri s t ate 13-acetat e, t h e
cell viability of M2-10 cells increased
compared to CS only (Table II), but
G1-2 was not.

Fi g. 2. The effect of anti-idiotypic antibody
(anti-Id) on apoptosis in anti-dsDNA antibody
producing cells. ( a) Cell viability and apoptosis
of anti-Id treated G1-2 and M2-10 cells. After
incubation with anti-Id and control, cells were
stained with annexin V-FITC and pro p i d i u m
iodide. The percentage of apoptosis in anti-Id
treated cells significantly increased compared to
the control. Asterisks (*) denote a statistically
significant difference (p < 0.05) compared with
the control. (b) DNA electrophoresis after anti-
Id treatment in G1-2 and M2-10 cells. After 5
hours (M2-10) and 7 hours (G1-2) of incubation,
electrophoresis was performed. Lanes 1 and 2
represent the control and anti-Id, respectively.
DNA laddering was found in the anti-Id treat-
ment group. M: DNA molecular size marker; (c)
Caspase activation evaluated by the cleavage of
p o ly (ADP-ribose) poly m e rase (PARP). G1-2
and M2-10 cells were incubated with anti-Id and
analyzed by Western blot using anti-PARP anti-
body. After anti-Id treatment,the 85 kd band got
darker, but the 116 kd band became lighter in
G1-2 and M2-10 cells.

(a)

(c)

(b)

Fig. 3. Western blot of Bcl-2 and Bax after anti-idiotypic antibody (anti-Id) treatment in anti-dsDNA
antibody producing cells. G1-2 and M2-10 cells were treated with anti-Id and analyzed using anti-Bcl-
2 antibody and anti-Bax antibody. Bcl-2 expression decreased with time, but Bax expression did not
change.



Anti-idiotypic antibody on anti-dsDNA antibody producing cells / CH. Lee et al. 

297

Discussion
The spontaneous production of multi-
ple antibodies to a variety of self-anti-
gens is one of the ch a ra c t e ristics of
SLE. Among these, anti-dsDNA anti-
body is considered a hallmark of SLE
and the titer of anti-dsDNA antibody
also rises when the disease is active (1-
3). These observations have led to the
c o n s i d e ration that specific manipula-

tion of the production of this autoanti-
body might be one recommended ap-
proach to therapy. Since the idiotype-
anti-Id network is believed to control
the production of antibodies (28), SLE
could be controlled by decreasing anti-
dsDNA antibody production by admin-
i s t e ring anti-Id against anti-dsDNA
a n t i b o dy in animal models (4-9). In
SLE patients who spontaneously re-

cover from autoimmune disease, anti-
Id may play an important role (29). In
fact, autologous anti-Id against autoan-
t i b o dy has been demonstrated in the
serum of patients experiencing remis-
sion in SLE (30). Also, intravenous im-
munoglobulin (IVIG) has been repor-
ted to be effective in treating murine
and human SLE (31,32). This may be
mediated through manipulation of the
idiotypic network and the neutraliza-
tion of pathogenic autoantibodies (31).
The purpose of the present study was to
elucidate the mechanism of decreased
anti-dsDNA antibody production after
anti-Id treatment in an in vitro model.
We first performed the experiments to
see if the anti-Id that we prep a re d
would decrease anti-dsDNA antibody
production. As expected, the produc-
tion of anti-dsDNA antibody was de-
creased at concentrations higher than
0.2 – 0.3 mg/ml.
Possible mechanisms to be considered
for the decrease in anti-dsDNA anti-
body due to anti-Id are: (1) a decrease
in anti-dsDNA antibody produced per
unit cell, or the unbalanced production
of heavy and light ch a i n s , (2) a de-
crease in cell proliferation after anti-Id
t re at m e n t , and (3) a decrease in the
number of cells after anti-Id treatment.
To address the first possibility, we per-
formed northern blots on anti-dsDNA
antibody producing cells after anti-Id

Fig. 4. Changes in the cell viability after adding N-acetyl-L- cysteine (NAC) to G1-2 and M2-10 cells treated with anti-idiotypic antibody (anti-Id). After
anti-Id treatment with or without NAC,both cells were stained with annexin V and propidium iodide. With the increase in the concentration of NAC,the num-
ber of live cells rose in both cells. Asterisks (*) denote a statistically significant difference (p < 0.05) compared with only anti-Id.

Table I. Change in the cell viability after treatment with anti-Id or anti-Id plus PMA with Ca in Gl-2
and M2-10 cells.

Cell viability (%)

Time Anti-Id Anti-Id + PMA with Ca

G1-2 3 hours 77.5 ± 4.0 73.5 ± 2.6
22 hours 73.8 ± 6.3 67.8 ± 2.8

M2-10 3 hours 64.5 ± 3.3 65.8 ± 2.0
22 hours 41.5 ± 6.2 54.5 ± 7.9*

* denotes a statistically significant difference (p < 0.05) compared with anti-Id treatment.

Table II. Changes of cell viability after treatment with PDL or PDL plus PMA with Ca in G1-2 and
M2-10 cells.

Cell viability (%)

Time PDL PDL + PMA with Ca

G1-2 3 hours 77.1 ± 2.1 70.7 ± 1.8
22 hours 63.3 ± 5.5 59.0 ± 3.7

M2-10 3 hours 64.2 ± 3.5 65.7 ± 1.6
22 hours 28.2 ± 6.6 41.3 ± 6.5*

*Denotes a statistically significant difference (p < 0.05) compared with the PDL treatment group.
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Fig. 5.The effect of corticosteroids on apoptosis
in anti-dsDNA antibody producing cells. (a)
DNA electrophoresis after prednisolone (PDL)
t re atment in G1-2 and M2-10 cells. After 10
hours (M2-10) and 12 hours (G1-2) of incuba-
tion, electrophoresis was performed. Lanes 1, 2
and 3 represent 1,10 and 50 µM of PDL, respec-
tively. DNA laddering was observed in both cell
lines. M: D NA molecular size marke r. (b)
Change of cell viability after PDL treatment in
Gl-2 and M2-10 cells. Both cells were incubated
with PDL and stained with annexin V and pro-
pidium iodide. The perc e n t age of live cells
d e c reased according to the concentration of
PDL. Asterisks (*) denote a statistically signifi-
cant difference (p < 0.05) compared with the
c o n t rol. (c) Change of the cell viability after
adding N-acetyl-L-cysteine (NAC) treatment in
G1-2 and M2-10 cells tre ated with cort i c o s-
teroids. After prednisolone (PDL) treatment with
or without NAC, both G1-2 and M2-10 cells
we re stained with annexin V and pro p i d i u m
iodide. Concentration of PDL in G1-2 was 50
µM, and M2-10 was 10 µM. At 22 hours treat-
ment, NAC increased the number of live cells in
both cells. Asterisks (*) denote a statistically sig-
n i ficant diffe rence (p < 0.05) compared with
PDL treatment alone.(a)

(b)

(c)
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treatment and showed that there was no
d e c rease in the tra n s c ription of Ig
genes, and that the bands for the heavy
and light chains also did not show any
d i ffe re n c e. To ap p ro a ch the second
mechanism, we showed that cell prolif-
eration did not decrease, even at con-
c e n t rations wh e re anti-dsDNA anti-
b o dy production was suppre s s e d. Wh e n
the cells we re tre ated with anti-Id,
h oweve r, the levels of cell death in-
creased. In order to find out whether
this cell death was due to simple necro-
sis or apoptosis, we checked the per-
centages of living cells and apoptotic
cells at the same time. The re s u l t s
s h owed that living cells initially de-
creased drastically after anti-Id treat-
ment, and that apoptotic cells drastical-
ly increased in pro p o rtion to this
decrease. Also, by demonstrating a lad-
dering pattern on DNA electrophoresis
and the cl e avage of PA R P, we con-
firmed that cell death was due to apop-
tosis. Thus,the decrease in anti-dsDNA
a n t i b o dy after tre atment with anti-Id
was due to the apoptosis of anti-
dsDNA antibody producing cells. This
result is similar to those of other studies
wh e re apoptosis was induced fro m
BCR ligation with anti-Ig antibody (10,
11, 33).
The MRL-l p r m o u s e, wh i ch has a mu -
t ation in the Fas ge n e, s p o n t a n e o u s ly
p roduces seve ral autoantibodies incl u d-
ing anti-dsDNA antibody (20, 21). Th i s
mouse develops nep h ritis about 20
weeks after birt h , coincident with the
p roduction of anti-dsDNA antibodies. It
seems like ly that there is a causal re l a-
tionship between imperfect Fa s - m e d i at-
ed apoptosis and the development of
mu rine SLE (34). We obtained two anti-
d s D NA producing hy b ridomas fro m
one of these mice. Th u s , we needed to
d e t e rmine whether the cells used in this
s t u dy would ex p ress Fas and Fa s L .
While the cells used in this study
ex p ressed both Fas and Fa s L , the G1-2
cells responded to agonistic anti-Fa s
a n t i b o dy, while the M2-10 cells did not.
Th e re was no diffe rence in FasL ex p re s-
sion between anti-Id-tre ated and contro l
hy b ridoma cells. It is pro b able that the
apoptosis of these cells due to anti-Id
t re atment was not re l ated to the Fa s -
FasL pat h way. Tra n s genic mice ove rex-

p ressing Bcl-2 (35) develop pro l o n ge d
B-cell surv ival and other fe at u res in
common with SLE, s u ggesting that this
m o l e c u l e, wh i ch plays a crucial role in
apoptosis (14), m ay play a role in the
p at h ogenesis of SLE. Bcl-2 fa m i ly pro-
tein ex p ression was also eva l u ated; Bcl -
2 ex p ression of G1-2 and M2-10
d e c reased with time after anti-Id tre at-
m e n t , but there was no diffe rence in
Bax ex p ression. Th e re is a rep o rt that
i n c reased Bcl-2 bl o cks apoptosis in sev-
e ral lymphoid cell lines, but this is the
fi rst rep o rt that anti-Id tre at m e n t
d e c reases Bcl-2 protein levels. It is of
i n t e rest that these cells we re re s c u e d
f rom anti-Id induced apoptosis by
agents that activate PKC in conjunction
with an increase in [Ca + 2]. Th u s , t h e
signaling pat h way in these cells ap -
p e a rs not to invo l ve the classical phos-
p h at i dylinositol 4,5-biphosphate hy -
d ro lysis pat h way that results in the acti-
vation of PKC along with an increase in
[ C a+ 2]. Anti-Id induced apoptosis wa s
also inhibited with antioxidant. Th e s e
results suggest that Bcl - 2 , ox y ge n - f re e
radicals and the PKC pat h way may par-
t i c i p ate in anti-Id induced ap o p t o s i s .
In addition, the effects of CS, the basic
drug for treating SLE, on anti-dsDNA
antibody production cells were evaluat-
ed. It is known that CS may induce
apoptosis of lymphoid cells (18, 1 9 ) .
Compelling evidence indicates that
DNA binding and the subsequent tran-
scriptional regulation of specific genes
is required for this process. However,
the exact mechanism by which apopto-
sis occurs in lymphocytes is unknown.
We ve ri fied the presence of dose-
d ependent CS-induced apoptosis in
anti-dsDNA antibody producing cells.
The apoptosis induced by CS was not
d ependent on the Fa s - FasL pat h way ;
similar to anti-Id induced ap o p t o s i s ,
B cl - 2 , ox y ge n - f ree radicals and the
PKC pathway were involved.
In summary, the decrease in anti-
d s D NA antibody production of anti-
dsDNA producing cells by anti-Id is
due to the induction of apoptosis. The
mechanism of anti-Id induced apopto-
sis shares at least some molecular path-
ways with CS-induced apoptosis. Con-
sidering the adverse effects of CS, anti-
Id treatment is a reasonable alternative.
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