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Abstract

Antibodies to topoisomerase-I are present in 26%of patients
with scleroderma and are rarely found in patients with other
diseases. In the current study, the expression of the antitopo-
isomerase-I (antitopo-I) idiotype from two scleroderma pa-
tients (E.M. and S.G.) and from a healthy individual (N.M.)
were studied. Idiotype EM-SCL was restricted to the three
classes of antitopo-I, whereas idiotypes SG-SCLand NMwere
found in all classes of antitopo-I as well as in their non-anti-
topo-I Igs. Sera from 9 of 10 antitopo-I-positive unrelated
scleroderma patients expressed idiotype SG-SCL and some
also expressed idiotype NM. Sera from N.M.'s 3 daughters
and from 7 of 18 nonrelated normals expressed idiotype NMin
the three immunoglobulin classes of non-antitopo-I. Two of the
antitopo-I antibodies expressed a cross-reacting idiotype
(CRI) that is present in non-antitopo-I antibodies from the
same donor. Contrary to the natural CRI, SG-SCL's CRI is
closely associated with the antigen binding site. Antitopo-I
idiotypes are on the heavy chains. Like many other autoantibod-
ies, Id-SG-SCL use VH4.2-1, DXP1, and JH4 in germline con-
figuration. (J. Clin. Invest. 1993. 92:1302-1313.) Key words:
autoantibodies * immunoglobulins * antigen-driven * sclero-
derma * isotypes

Introduction

Scleroderma is a rare disease occurring in 19-75 per 100,000
individuals ( 1 ). Antitopoisomerase-I (antitopo-I)' (2-4) is
present in sera from - 26%of the scleroderma patients (5, 6).
These autoantibodies to topoisomerase-I (topo-I) can be de-
tected by immunoblotting on HeLa nuclei or chromosomes,
by double immunodiffusion, by enzyme inhibition (3), or by a
recently standardized ELISA (7). The different sensitivities
and specificities of these tests may account for the differences
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1. Abbreviations used in this paper: antitopo-I, antitopoisomerase I; C,
constant; CA, cold agglutinins; CDR, complimentarity determining
region; CRI, cross-reactive idiotype; D, diversity; FT, flow through;
HRP, horseradish peroxidase; NHS, normal human serum; PCR, poly-
merase chain reaction; RF, rheumatoid factor; topo-I, topoisomerase I;
V, variable.

in reported prevalence of antitopo-I in scleroderma patients
(7). Topo-I catalyzes the breaking/rejoining of single-stranded
DNAand relaxes supercoiled DNAin vitro (3, 4, 8-10). The
enzymatically active site is expressed in the 67.7-kD carboxy-
terminal fragment (8) between amino acids 344 and 483 ( 1).
Topo-I has a native molecular mass of 100 kD, but smaller
proteolytic products ranging from 60 to 100 kD are function-
ally active (2-15). The major protein isolated from calf thy-
mus is 70 kD (2). Antibodies to topo-I bind one or more of six
epitopes in the enzyme ( 13) and inhibit the enzyme's activity
in vitro (3, 4, 7, 9-12).

Antitopo-I is highly specific for scleroderma (4-7, 13-15).
Wehave found antitopo-I in only 1 of 264 healthy controls (5,
15). This healthy 64-yr-old female (N.M.) has not developed
any sign or symptom related to scleroderma or to any other
connective tissue disease over the past 8 yr while the antitopo-I
has been in her serum.

In our previous idiotypic analysis of human antitopo-I ( 15)
we described the presence of at least one immunodominant
private idiotype (Id) in or near the antigen binding site. In that
report we characterized the antitopo-I Id from scleroderma pa-
tient EM-SCL. Id-EM-SCL was stable for the period of 9 yr of
follow-up and was not expressed in sera from any of 29 anti-
topo-I-positive patients, 10 anticentromere-positive patients,
10 negative antitopo-I and negative anticentromere patients, or
20 healthy controls ( 15). The antitopo-I Ids from the SG-SCL
and from the healthy individual N.M. did not cross-react with
the purified preparations from any of the other two antitopo-I-
positive sera (SG and EM), three anticentromere-positive sera,
or with a panel of human myeloma and monoclonal Igs.

We report here that (a) Ids were expressed in all the Ig
classes of antitopo-I EM-SCL, SG-SCL, and NM; (b) Id-SG-
SCLand Id-NM are also expressed in their non-antitopo-I Igs;
(c) positive antitopo-I sera from nonrelated scleroderma pa-
tients expressed one or both cross-reacting Ids (CRIs); and (d)
CRI NMwas also expressed in the IgG, IgM, and IgA of her 3
daughters' sera and in different Ig classes from 7 of 18 unrelated
control sera.

Our results show that antitopo-I antibodies express immu-
nodominant Ids located in the heavy chains that are stable after
isotype switch. The private Id from the scleroderma patient,
EM-SCL, was specific for antitopo-I antibodies. Both Id-EM-
SCL and Id-SG-SCL may be close to the antigen binding site.
In contrast the expression of Id-NM is more likely to be contrib-
uted by framework region residues and thus is able to bind to
anti-Id even after binding to topo-I.

Wecloned the variable region heavy chain (VH) gene bear-
ing the CRI from SG-SCL and found that it uses VH4.2-1,
DXP1, and junctional region heavy chain JH4 in germline con-
figuration. Addition of one amino acid at each of the diversity
(D) region boundaries by N sequences is the only difference
from the germline configuration at the complementarity deter-
mining region 3 (CDR3). The presence of a private Id in EM-

1302 D. Vazquez-Abad, V. Pascual, M. Zanetti, and N. F. Rothfield

J. Clin. Invest.
©The American Society for Clinical Investigation, Inc.
0021-9738/93/09/1302/12 $2.00
Volume 92, September 1993, 1302-1313



SCL may be the product of somatically mutated heavy chain
genes in an individual response to the autoantigen.

Methods

The patients EM-SCL and SG-SCL's clinical features have been de-
scribed elsewhere ( 15 ). N.M. is a healthy 65-yr-old white female with
antitopo-I whomwe have followed for 8 yr.

Preparation of affinity-purified antitopo-L Antitopo-I from EM-
SCL, SG-SCL, and NMwere prepared by affinity purification, as previ-
ously described ( 15). Briefly, whole patient serum from the patients
was extensively absorbed with topo-I isolated from calf thymus (7)
coupled to Sepharose 4B gel (Pharmacia, Uppsala, Sweden). Eluted
fractions were concentrated and flow throughs (FT) were used in final
diluted fractions. In total, 10 purified antitopo-I antibodies from EM-
SCL, 5 from SG-SCL, and 6 from NMas well as 2 Fls from EM-SCL
and 3 from SG-SCL and NMwere studied.

Preparation of anti-Ids. Anti-Id sera was prepared as previously
described ( 15). Briefly, two Pasteurella-free NewZealand white rabbits
were immunized with 100-150 ,g of either SG-SCL-purified antitopo-
I, NMantitopo-I, or EM-SCLantitopo-I. Booster immunizations were
carried out at week 2 and then at monthly intervals. The animals were
bled 15 d after the final boost (total of three for all rabbits except for
one of the two EM-SCL rabbits). This EM-SCLrabbit received a total
of 700 ytg in six booster injections. Igs were precipitated with 40%satu-
rated ammonium sulfate, dialyzed overnight at 40C with PBS, and
exhaustively adsorbed with a mixture of human myeloma IgG, IgM,
and IgA (gift from Dr. Blas Frangione, NewYork University School of
Medicine) coupled to Sepharose 4B gel (Pharmacia). After further
adsorption with normal human serum (NHS) depleted of Ig (Sigma
Chemical Co., St. Louis, MO) coupled to Sepharose 4B (Pharmacia)
the FT fractions were absorbed with Staphylococcal protein A (Sigma
Chemical Co.) coupled to Sepharose 4B (Pharmacia). Fractions were
eluted with a 0.2 M glycine buffer, pH 1.9, and immediately were
neutralized, pooled, and concentrated by vacuum dialysis with PBS
at40C.

Seven anti-Ids from the two rabbits immunized with EM-SCLanti-
topo-I, five from SG-SCL's rabbits, and six from N.M.'s rabbits were
studied. All anti-Ids from the homologous antitopo-I-purified sample
behaved and were expressed in the same manner.

Control anti-Ids reagents were prepared by ammonium sulfate pre-
cipitation of Igs from each preimmunized rabbits' sera. These were
absorbed with Staphylococcal protein A (Sigma Chemical Co.) cou-
pled to Sepharose 4B (Pharmacia) and concentrated by vacuum dialy-
sisat4°C.

Detection of antitopo-L SDS-PAGE gels were performed as de-
scribed ( 16) using Western blot and either HeLa chromosome extracts
or purified topo-I (7, 17). Blots on topo-I were developed with 125I
Staphylococcal protein A (Amersham Corp., Arlington Heights, IL)
for IgG detection after incubation with the purified samples. For detec-
tion of IgM and IgA after incubation with the purified samples, strips
were incubated with horseradish peroxidase (HRP) rabbit anti-
human, muchain, or alpha chain-specific antibodies (Dakopatts, Co-
penhagen, Denmark) and developed with high sensitivity IBI enzy-
graphic web (Kodak, International Biotechnologies, Inc., NewHaven,
CT). Blots on HeLa chromosome extracts were blocked 1 h at room
temperature, incubated with antitopo-I-positive sera at a dilution of
1:1,000 1 h at room temperature as previously described (3). They
were then incubated with HRPanti-human gamma, mu, or alpha
chain-specific antibodies (Dakopatts) 1 h at room temperature and
developed with the ECL system (Amersham).

The topo-I functional assay was performed on a 1.2% agarose DNA
gel as described (3, 7). Using a final concentration of 15 Mg/ml of
EM-SCL or SG-SCL or 30 ,g/ml NMor 50 ,g/ml of EM-SCL-FT,
SG-SCL-FT, or NM-FT incubated with 1:1 volume of a final concen-
tration of 0.25 ug/ml topo-I or buffer alone overnight at 4VC in a final
volume of 20 Ml. Samples were then incubated 1 h at 4VC with 0.46 Mg

per assay of DNAPhi x 174 (Gibco BRL, Gaithersburg, MD) in a final
volume of 40 Ml per tube. The reaction was stopped by the addition of 5
Ml of a solution containing 5%SDS, 50 mMEDTA, 0.6 mg/ml bromo-
phenol blue, and 50% glycerol. Samples were loaded onto the gel and
run at 70 V in a buffer containing 40 mMTrizma base (Sigma Chemi-
cal Co.), 20 mMacetic acid glacial (J. T. Baker Chemical Co., Phillips-
burg, NJ), and 2.5 mMEDTA(Sigma). DNAlines were visualized
using ethidium bromide under UV light. For inhibition studies, opti-
mal concentrations of purified antitopo-I and homologous anti-Ids
were incubated at 370C for 1 h and then at 4VC overnight. These sam-
ples were then incubated with topo-I and the assay was performed as
described.

Detection of Id by Western blot. Purified samples were run in a 10%
SDS-PAGE( 16-18) as follows: 2 10 Mgof EM-SCL, SG-SCL, or NM
and 2 150 Mg of EM-SCL-FT, SG-SCL-FT, or NM-FT, previously
boiled at 100IC for 5 min in sample buffer containing 10%#32-mercap-
toethanol. As controls, I Osg each of human IgG kappa (Sigma Chemi-
cal Co.), IgM kappa and lambda (Cappel, West Chester, PA), and IgA
kappa (Sigma Chemical Co.) were run in the same gel. Transfer to
nitrocellulose paper was performed as described above. Each lane was
cut in three strips and incubated 1 h at room temperature in blocking
agent, 0.2% Triton-X, 0.15 MNaCl, 0.01 MNaPO4, 0.001 MEDTA,
0.05% Tween-20, and 4% BSA. The first two sets of strips were incu-
bated with either preimmune rabbits' purified Ig or homologous anti-
Id overnight at room temperature. After thorough washing, strips were
incubated for 3 h at room temperature with swine antibody to rabbit
IgG conjugated to HRP(Dakopatts). The third set of strips was incu-
bated with HRP-conjugated rabbit anti-human gamma, mu, alpha,
kappa, and lambda (polyvalent) antibodies (Dakopatts). Strips were
thoroughly washed and developed using TMBmembrane peroxidase
substrate system (Kirkegaard & Perry Laboratories, Gaithers-
burg, MD).

Solid-phase ELISA. Solid-phase ELISAs were performed as previ-
ously described (14). Briefly, 96-well polyvinyl microtiter plates
(Fisher Scientific, Medford, MA) were coated 1 h at 370C with optimal
dilution of the protein in 0.9% saline, pH 7.4 (50 Ml per well). Incuba-
tion of 50 Ml per well of samples was carried out at 370C for 1 h after
blocking with 1% ovalbumin (Sigma Chemical Co.) in PBS.

HRP antisera at optimal dilutions in 1% BSA, 2% FCS in PBS
0.05% Tween were incubated 1 h at 370C on the plates. 50 Ml per well of
a solution containing 150 Ml of 2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid)-[NH4]2 (Sigma Chemical Co.) in 10 ml citrate buffer
(0.1 Mcitric acid with 0.1 Msodium citrate, pH 4) with 0.0 12% H202
was added for 15 min at room temperature in the absence of light. The
optical density (OD) was read at 405 nm using a micro ELISA plate
reader (MR580, Dynatech, Torrance, CA). Each sample was tested in
triplicate.

Characterization of anti-Ids. Plates were coated with four serial di-
lutions of each purified antitopo-I or with NHSstarting at 1.5 Mgg/ml.
This was followed by the addition of optimal concentration of the puri-
fied homologous anti-Id or preimmune IgG. HRP-conjugated swine
antibodies to rabbit IgG (1:1,000) was added and plates were devel-
oped as above. In no instance was there any binding of the control,
preimmune purified IgG to the respective purified Id (data not
shown).

Quantitation of IgG, IgM, and IgA in antitopo-. Plates were coated
with 5 Mg/ml in 10 serial dilutions of IgG (Sigma Chemical Co.), IgM
(Cappel), and IgA (Sigma Chemical Co.) or 3-5 Mg/ml of EM-SCL,
SG-SCL, or NMor 30-50 ,g/ml of the respective FTs. HRP-conju-
gated rabbit antibodies to human gamma chain (1:5,000), anti-hu-
man mu, or alpha chains (1:2,000) were added. The amount of IgG,
IgM, and IgA in each sample was determined by plotting the mean of
each sample's triplicate on the standard curves and adjusting for each
sample's dilution factor.

Detection of antitopo-I. Plates were coated with 0.5 Mag/ ml of topo-I.
10 serial dilutions of 3 Mg/ml of EM-SCL, EM-SCL-FT, SG-SCL, SG-
SCL-FT, NM, or NM-FT were added. Plates were incubated with HRP
rabbit anti-human polyvalent conjugate (1:1,000) and developed as
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Figure 1. (A) Amount of Ig classes by direct binding ELISA. Final
amounts of each antibody class (in ug/ml) were calculated by plotting
the log ODof serial dilutions of commercial human IgG, IgM, and
IgA compared with the ODof known amounts of each purified sam-
ple (see Methods). (y-axis) Amount of Ig class expressed as logarithm
of the calculated (.ug/ml) contents of each preparation. ., IgG; m,
IgM; o, IgA. EM, purified antitopo-1 from scleroderma patient EM-
SCL; EM-FT, flow through after abortion of EM-SCL's serum on
topo-1; NM, purified antitopo-1 from the healthy individual; NM-FT,
flow through; SG, purified antitopo-I from scleroderma patient SG-
SCL; SG-FT, flow through. (B) Detection of antitopo-1 by direct
binding ELISA using plates precoated with topo-1 and serial dilutions
of each purified sample, detected with polyvalent anti-human HRP-
conjugate (see Methods). The final concentration of protein in each
dilution is plotted against the ODvalue X 1,000 of that specific dilu-
tion. Purified antitopo-I EM-SCL (- * -), SG-SCL (- A -), and
NM(- x -) follow a dose-response curve. Flow throughs EM-
SCL-FT (- X-), SG-SCL-FT (- A -), and NM-FT (- +-)
show no binding to topo-1.

or buffer alone and added to plates precoated with 0.5 Ag/ml of topo-I.
HRP-conjugated rabbit anti-human gamma, mu, or alpha chain-spe-
cific antibodies (Dakopatts) was added and plates were developed as
described. Percentage inhibition was calculated using the formula:
{ [nonblocked OD(preincubated with buffer) - blocked OD(preincu-
bated with topo-I)]/(nonblocked OD)} x 100.

Detection of IgG, JgM, and IgA Id. Optimal concentrations of each
purified antitopo-I or 10 times the respective FT was incubated with
homologous anti-Id. These samples were added to plates precoated
with homologous anti-Id. Specific HRP-conjugated rabbit antibodies
to human gamma, mu, or alpha chain were used as above. Percentage
inhibition was calculated as above.

Relationship between Id and antigen binding site. EM-SCL, SG-
SCL, NM, or the respective FTs were incubated with homologous anti-
Id or preimmune IgG at optimal concentrations and added to plates
precoated with topo-I (0.5 ug/ml). Plates were then incubated with
specific HRP-conjugated rabbit antibodies to human gamma, mu, or
alpha and were developed as above. Percentage inhibition was calcu-
lated as described above.

The blocking by topo-I of the binding of Id to homologous anti-Id
was evaluated by incubating each purified antitopo-I or the respective
FT with topo-I or buffer and added to plates precoated with homolo-
gous anti-Id. Specific HRP-conjugated rabbit antibodies to human
gamma, mu, or alpha were added and plates were developed as above.
Percentage inhibition was calculated as above.

Blocking studies using varying amounts of anti-Id. EM-SCL, SG-
SCL, NM, or the respective FTwas incubated with 10 serial dilutions of
homologous anti-Id and tested on topo-I precoated plates. After incu-
bation and addition of specific HRP-conjugated rabbit antibodies to
human gamma, mu, or alpha, plates were developed as above. Percent-
age inhibition was calculated for each anti-Id concentration and results
plotted on a graph as logarithm of the reciprocal dilution in micro-
grams per milliliter vs. percent inhibition.

1 2 3 4..
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I~~ ~ _*]Or1

a

above. The results were plotted as logarithm of concentration in micro-
grams per milliliter vs. ODreading X 1,000.

ELISA blocking studies. Samples were incubated with each puta-
tive blocking protein at optimal concentrations for I h at 370C in 1%
BSA, 2% FCS in PBS-Tween and overnight at 4VC before adding to
plates.

Detection of IgG, IgM, and IgA antitopo-I. Optimal concentrations
of EM-SCL, SG-SCL, or NMor 10 times the respective FT (containing
non-antitopo-I Igs) was incubated as described with 2 ,ug/ml of topo-l

Figure 2. Detection of
antitopo-I on HeLa
chromosome extracts
blot using rabbit anti-
bodies coupled to HRP
at a dilution of 1:15,000
and the ECL system
(see Methods). Topo-I
runs as a major 100-kD
band. Lane 1, after in-
cubation with I ,ug/ml
of SG-SCL and anti-
human gammachain;
lane 2, after incubating
with 4 .g/ml of SG-
SCL-FT and anti-
human gamma, mu,
and alpha chains; lane
3, after incubation with
1 Ag/ml of SG-SCL and
anti-human muchain;
and lane 4, after incu-
bation with 1 gg/ml of
SG-SCL and anti-
human alpha chain.
Lanes 1, 3, and 4 show
the binding to topo-I
(100-kD band) of SG-
SCL IgG, IgM, and IgA,
respectively. Lane 2
shows no binding of any
SG-FT Ig to topo-I.
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Figure 3. Detection of Ig classes by blocking ELIS)
pressed as percentage inhibition (see Methods). .,
IgA. EM, purified antitopo-I from scleroderma pat
EM-FT, flow through after absorption of EM-SCL's
NM, purified antitopo-I from the healthy individua
through; SG, purified antitopo-I from scleroderma
SG-FT, flow through. (A) Ig classes of antitopo-I. Ea
incubated with 2 ug/ml of topo-I or buffer alone,
precoated plates and developed with rabbit anti-hu
or alpha chain-specific antibodies coupled to HRP.
bition was calculated as above (see Methods). (B) II
Samples preincubated with homologous anti-Id wer
precoated with anti-Id. 2 Ag/ ml of EM, EM-FT, SG
incubated with 10-15 Ag/ml of homologous anti-I
preimmune rabbit's purified Ig, or 2.5 gg/ml of NM
20-25 ,Ag/ml of anti-Id or preimmune rabbit's puri

Blocking studies using varying amounts of top(
SCL, NM, or the respective FT was incubated with 14
topo-I starting with 1 1g/ml and added to plates co
gous anti-Id as described. Specific HRP-conjugated r
human gamma, mu, or alpha were added and plates
above. Percentage inhibition was calculated and
above.

Detection ofId-NM in control sera. NHS, sera fro
ters, and from 18 nonrelated controls all lacking a

were each incubated as above at 1:600 dilution with anti-Id-NM or
preimmune rabbit's Ig. NMwhole serum was used as the positive con-
trol. The samples were added to plates precoated with anti-Id NM.
Specific HRP-conjugated rabbit antibodies to human gamma, mu, or
alpha were added and plates were developed as above. Percentage inhi-
bition was calculated as mentioned.

Detection of Id in antitopo-Ifrom other patients. Immunoblots us-
ing HeLa chromosome extracts were incubated with 1:1,000 of 10 anti-
topo-I-containing sera from scleroderma patients. Blots were devel-
oped using the electrochemiluminesence system after incubating with
either anti-Id SG-SCL or anti-Id NM. SG-SCL- and NM-purified anti-
topo-I were used a positive controls and their respective FTs as negative
controls.

EBV-transformation of S. G. 's B cells. Ficoll/ Hypaque fractionated
peripheral blood cells from patient S.G. were transformed in the pres-
ence of 50%EBV-rich supernatant in 96-well plates, as described ( 19).
Approximately 50 d later culture supernatants were tested on direct

[_m^H- binding ELISA using plates precoated with purified topo-I and devel-
SG SG-FT oped using HRP-conjugated rabbit antibodies to human gamma, mu,

alpha, kappa, and lambda chains. The positive cell lines were sub-
cloned to 10 cells per well. Four positive subclones from one cell line
were identified and further cloned to one cell per well. After > 100 d in
culture, 25 positive antitopo-I clones were successfully established.

mRNAsequencing of antitopo-I heavy chain variable region genes.
RNAwas extracted from 106 to I0' cells from each of the 25 clones as
described (20). Synthesis of cDNAwas carried out using the primer for
mu: TAT-TTC-CAG-GAG-AAA-GTG-AT (21), and Moloney mu-
rine leukemia virus reverse transcriptase (Gibco BRL). Amplification
of 12 cDNA (3 from each of the 4 subclones) was performed by poly-
merase chain reaction (PCR) (22) using 300-500 ng of 5' primers for
each of the 6 VH leader sequences: LI, CCA-TGG-ACT-GGA-CCT-
GGA-GG; L2, ATG-GAC-ATA-CTT-TGT-TCC-AC; L3, CCA-

>If TGG-AGT-TTG-GGC-TGA-GC; L4, ATG-AAA-CAC-CTG-TGG-
TTC-TT; L5, ATG-GGG-TCA-ACC-GCC-ATC-CT; and L6, ATG-
TCT-GTC-TCC-TTC-CTC-AT, and the same 3' muprimer (21 ). On
each PCRreaction a control tube with no DNAwas always performed
for each of the six VHleader primers (22).

>-< Ace Eight PCRproducts (2 of each subclone) were purified using centri-
con-100 (Amicon, Beverly, MA), ligated into an EcoRV-cut p-blue-

SG SG FT script plasmid, and used to transform competent B-SJ72 Escherichia
coli. The positive colonies were detected by hybridization of the replica

A. Results are ex- filter with a-[35S]-ATP (Dupont NEN, Boston, MA)-labeled muofi-
IgG; u, IgM; a, gonucleotide: GGA-ATT-CTC-ACA-GGA-GAC-GA. Two to three
:ient EM-SCL; colonies per cell clone were selected for single-stranded DNA(ssDNA)
s serum on topo-I; synthesis (23). A total of 14 ssDNA were sequenced using T7 DNA
1; NM-FT, flow polymerase (U. S. Biochemical, Cleveland, OH) (24).
patient SG-SCL;

ach sample was
tested on topo-I- Results

Percen tage inhi- Antitopo-I activity in affinity-purified preparations. The
g classes of Ids. amount of IgG, IgM, and IgA in the affinity-purified samples
*e tested on plates EM-SCL, SG-SCL, and NMis shown in Fig. 1 A. Functionally
, or SG-FT was active antitopo-I was detected in EM-SCL, SG-SCL, and NM.
d or the respective When FTs were used 10 times more concentrated than the
or NM-FT with respective purified antitopo-I, no inhibition of topo-I activity

ified Ig. was found (results not shown). Fig. 1 B shows the dose-re-
sponse curve of direct binding to topo-I for the three purified
antitopo-Igs. Igs in the respective FTs did not bind to topo-I.

oL EM-SCL, SG- Ig classes of antitopo-I antibody. IgG, IgM, and IgA anti-
O serial dilutions of topo-I in EM-SCL, SG-SCL, and NMwere detected using im-
rated with homolo- munoblots. Fig. 2 is an example of the immunoblots on HeLa
rabbit antibodes to chromosome extracts incubated with SG-SCL or SG-FT and
graphs plotted as developed with HRP-conjugated rabbit antibodies to human

gamma, mu, or alpha chains on HeLa chromosomes blots. All
mN.M.'s 3 daugh- purified antitopo-I were IgG, IgM, and IgA. Igs in the FTs
ntitopo-I antibody failed to react. ELISA topo-I blocking assay confirmed that
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antitopo-I is present in IgG, IgM, and IgA of EM-SCL, SG-
SCL, and NMas shown in Fig. 3 A.

Ig classes of Id. Id from each patient's antitopo-I was ex-
pressed in all Ig classes of antitopo-I. Fig. 3 B shows the block-
ing ELISA results for all isotypes in EM-SCL, SG-SCL, and
NM. Surprisingly, Id-SG-SCL and Id-NM were also expressed
in Igs from the corresponding FTs.

-66

Figure 4. (A) Immunoblots using 5-15
eg of each purified sample incubated

with 2-5 ug/ml of homologous anti-Id
and developed with swine anti-rabbit
antibodies coupled to HRPand the
TMBmembrane system (see Methods).
(B) Incubation with polyvalent anti-
human HRP-conjugate also developed

- 31 with the TMBmembrane system. Lane
1, control IgG; lane 2, control IgM; lane
3, control IgA; lane 4, EM-SCL; lane
5, EM-SCL-FT; lane 6, NM; lane 7,
NM-Fr; lane 8, SG-SCL-FI; and lane
9, SG-SCL. As shown in A, all three Ids
are expressed in the heavy chains. Id-
EM-SCL is not present in the non-anti-
topo-I antibodies (lane 5) whereas Ids
SG-SCL and NMare found in both pu-
rified antitopo-I and non-antitopo-I an-
tibodies (lanes 6-9) (see Results).

These results were confirmed by immunoblots on each of
the purified samples of Id. Whenthe blots were incubated with
homologous anti-Id, bands corresponding to gamma, alpha,
and mu chains were visualized for each of the purified anti-
topo-I samples (Fig. 4 A). The IgG in SG-SCLwas at 52 kD but
also had a breakdown product of 33 kD (confirmed by immu-
noblot with specific anti-human gammachain, not shown).

1306 D. Vazquez-Abad, V. Pascual, M. Zanetti, and N. F. Rothfield

A

8 9

- 66

431

B

8 9

:::

i, z,..-



A
1 2 3 4 S 61.,j

00-_ I I

7 a 9 10 11 12~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..
mm~~~~4

i i~~~~

1 2 3 4 5 6 7 8 9 10 11 12

100 4

40
_" 0 L+XF - i> _
_ ~~~~~~

Figure 5. Immunoblots on HeLa chromosome extracts incubated with gg/ml of purified antitopo-I or the respective flow through as positive
and negative controls or 1: 1,000 dilution of whole sera from 1O nonrelated positive antitopo-I scleroderma patients. After incubation with anti-Id
SG-SCL (A) or anti-Id NM(B) blots were developed with swine anti-rabbit HRPand the ECL system (see Methods). Topo-I runs at a l00-kD
band. Lane 1, purified antitopo-I from SG-SCL (A) or NM(B); lane 2, respective FT; lanes 3-12, 1-1O positive antitopo-I sera. Serum in lane
3 did not express any Id (A and B). In B, serum 9 (lane 11) when exposed a longer time did not show a clear band at 100 kD and serum 1O
(lane 12) showed a strong reaction even when exposed for 1 s. The expression of Id-NM in these two samples is not as clear as the expression of
Id-SG (A). All other express both Id-SG-SCL and Id-NM.

Both proteins reacting with the specific anti-human gamma

chain also react with the anti-Id. Anti-Ids to SG-SCL and NM
were expressed by the non-antitopo-I Ig of their respective FTs
and in commercial IgG kappa (Sigma). None of the three anti-
Ids bound to the light chain of antitopo-I (Fig. 4 B). The blots
were negative when incubated with preimmune rabbits' puri-
fied Igs (results not shown).

To assess whether Ids to SG-SCL and NMwere expressed
in other antitopo-I antibodies, immunoblots on HeLa chromo-
somes using whole sera from 10 nonrelated positive antitopo-I
scleroderma patients were performed. As shown in Fig. 5, 9 of
10 expressed Id-SG and some of these coexpressed Id-NM
(lane 12 is too dark to detect a specific band at 100 kD). The
more intense bands using Id-SG may reflect the higher titers,
which were obtained in a direct binding ELISA (results not
shown).

The presence of NM-Id in the IgG, IgM, and IgA from
N.M.'s 3 daughters' sera and sera from 18 healthy nonrelated
controls was studied using blocking ELISA. As shown in Fig. 6
A, all three daughters' Ig classes caused meaningful inhibition
(25-73%) of Id/anti-Id binding. When 18 unrelated nor-

mal controls were tested, 7 inhibited 35% and 9 20%
(Fig. 6 B).

Thus Id-SG-SCL is expressed in antitopo-I (+) sera and
Id-NM is expressed both in antitopo-I (+) sera as well as in all
three classes of Ig populations devoid of antitopo-I activity in

genetically unrelated and in related individuals.
Relationship between Id and antigen binding site. Fig. 7 A

shows the blocking percentage of antitopo-I binding to topo-I
by homologous anti-Id for all classes of antitopo-I in EM-SCL,

SG-SCL, and NM. Anti-Ids also blocked the inhibition of topo-
I uncoiling of DNAby antitopo-I in the functional assay (Fig.
8). Wehave previously assayed every anti-Id on DNAalone,
and none of the rabbit's anti-Ids was enzymatically active in
uncoiling DNA(25) (anti-Id's NMresults shown in Fig. 8, lane
4); thus, the uncoiled DNAin lane 7 is the result of topo-I
activity that is not inhibited by Id-NM after incubation with
anti-Id-NM.

Fig. 7 B shows that topo-I blocked the binding of all three
classes of antitopo-I EM-SCL and SG-SCL to homologous
anti-Id. In contrast, topo-I did not block NM's binding to ho-
mologous anti-Id.

To investigate whether there is a higher affinity for the anti-
Id-NM than for topo-I or whether Id-NM is independent of the
antigen binding site, blocking studies were carried out using
varying amounts of homologous anti-Id as inhibitor. Fig. 9 A
shows the dose-dependent inhibition of all classes of antitopo-I
EM-SCL, SG-SCL, and NM. In the reverse experiment, topo-I
was used to inhibit the binding of Id to homologous anti-Id
(Fig. 9 B). Interestingly, topo-I inhibited all classes of EM-SCL
and SG-SCL from binding to anti-Id in a dose-dependent man-
ner. In contrast, it caused no inhibition of the binding of NM's
IgG, IgM, or IgA, suggesting that Id-NM unlike Id-SG-SCL
(CRI) or Id-EM-SCL (private) is independent of the antigen
binding site.

Expression of Id-SG in monoclonal antitopo-I. Superna-
tants from the EBV-transformed B cell clones from patient
SG-SCL were tested for Id-SG-SCL expression on direct bind-
ing ELISA. All positive antitopo-I clones were IgM kappa pro-
ducers. Id-SG-SCL was expressed in all IgM supernatants (Ta-
ble I).
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represents the only detectable B cell autospecificity in the pa-
tient's sera. On the other hand, the frequency of precursors
among healthy individuals is extremely low, and only one natu-
ral antitopo-I antibody, our NMantitopo-I, has been reported
to date (5, 15).

In this paper we analyzed antigen reactivity and idiotype
expression of three antitopo-I antibodies and provide evidence
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Figure 6. Blocking ELISA for detection of Id-NM in negative anti-
topo-I sera. Samples were incubated at a 1:1,000 dilution with 20-25
gg/ml of anti-Id-NM or preimmune rabbit's purified Ig, tested on
anti-Id-precoated plates and developed with rabbit anti-human heavy
chain-specific antibody coupled to HRP(see Methods). ., IgG; .,
IgM; o, IgA. (A) NM89, serum from NMobtained in 1989; JM, LM,
and SF, sera from three daughters of NM. (B) NM, NM's serum;
NH, normal human serum; 1-18, sera from 18 healthy control indi-
viduals.

VHgene use by SGmonoclonal antibodies. All 12 clones
studied amplified VH4 family genes (Fig. 10). After transfor-
mation of competent E. coli and ligation into bluescript plas-
mid, a total of 14 ssDNAwere sequenced from eight clones. All
sequences were identical (Fig. 11) and corresponded to the
germline genes VH4.2-1, DXP1, and JH4. When the amino
acid sequence was analyzed, the only substitutions were in the
boundaries of the D segment, where one amino acid had been
added from the N sequences in the rearranged gene (Fig. 11).

Discussion

Antitopo-I is a highly specific autoantibody originally de-
scribed in patients with scleroderma (4-7, 13-15). Although
found in approximately one-third of these patients, its presence
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Figure 7. Relationship between Id and antigen binding site. (A)
Blocking ELISAs performed after incubation of the purified samples
with homologous anti-Ids or preimmune rabbits' purified Igs; 10-15
Mg/ml of anti-Ids to EM-SCL and SG-SCL, and 20-25 gg/ml of
anti-Id-NM. These samples were tested on topo-I-precoated plates.
Results are expressed as percentage inhibition (see Methods). (B)
Blocking ELISAs performed after incubation of the purified samples
with 2 ;tg/ml of topo-I or buffer alone tested on homologous anti-
Ids-precoated plates (see Methods). ., IgG; u, IgM, a, IgA. EM, pu-
rified antitopo-I from scleroderma patient EM-SCL; EM-FT, flow
through after absorption of EM-SCL's serum on topo-I; NM, purified
antitopo-I from the healthy individual; NM-Fl, flow through; SG,
purified antitopo-I from scleroderma patient SG-SCL; SG-FT, flow
through. (A) Inhibition of binding to homologous anti-Id for all
classes of purified antitopo-I. None of the non-antitopo-I purified Igs
was inhibited to bind homologous anti-Id. (B) Inhibition of binding
to homologous anti-Id by topo-I only in the purified antitopo-I from
scleroderma patients EM-SCLand SG-SCL (see Results).
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Figure 8. Topo-I functional assay on an DNA-agarose gel (see Meth-
ods). Lane 1, migration of uncoiled DNAby topo-I; lane 2, super-
coiled DNAalone; lane 3, DNAwith preimmune rabbit's purified Ig;
lane 4, DNAwith NMand preimmune rabbit's Ig incubated with
topo-I; lane 5, DNAwith NMand preimmune rabbit's Ig; lane 6,
DNAwith NMand anti-Id-NM; lane 7, DNAwith NMand anti-Id
NMincubated with topo-I; lane 8, DNAwith anti-Id-NM; lane 9,
DNAwith NMincubated with topo-I. Lane 7 shows that topo-I re-
mains enzymatically active when Id-NM is incubated with homolo-
gous anti-Id (see Results).

for the existence of two types of autoantibody idiotypes: one
private idiotype uniquely associated with antitopo-I antibodies
in patients with scleroderma, and one CRI present on antitopo-
I of other scleroderma patients, as well as on non-antitopo-I Ig
from these patients and unrelated healthy individuals.

Wedetected the expression of the private scleroderma-asso-
ciated Id-EM-SCL using polyclonal Id-EM-SCL (+) antibodies
as they occur in the patient's serum and rabbit polyclonal anti-
Ids. Id-EM-SCL is expressed mainly in IgG and IgA and to a
lesser extent in IgM. The fact that polyclonal anti-Ids do not
react with any other Id present in non-antitopo-I Igs from the
same donor or in antitopo-I from nonrelated patients (15)
strongly suggests the presence in scleroderma EM-SCL anti-
topo-I of a true private Id. By Western blot Id-EM-SCL is ex-
pressed on the heavy chains. Since it is stable after class switch,
we can rule out the identification of an allotypic marker or an
Id close to the J/constant (C) region boundary. Thus Id-EM-
SCL is most likely near one or several CDRs. Moreover, anti-
gen and anti-Id competition experiments suggest that Id-EM-
SCL may be close to but not in the antigen binding site.

Unlike Id-EM-SCL, natural NMantitopo-I antibodies ex-
press a CRI that is not specific for antitopo-I since it is ex-
pressed in homologous non-antitopo-I Igs as well as in non-an-
titopo-I Igs from related and unrelated individuals. Contrary to
that found with the scleroderma-associated Ids, topo-I did not
interfere with the natural CRI-NM expression, suggesting that
the structural determinants of NMidiotype expression are out-
side the antigen binding site. The findings in NMare similar to
those reported for murine antitopo-Ids from a mouse model of
scleroderma (26, 27). As in our natural idiotype NM, topo-I
did not block the binding of murine antitopo-I antibodies to
murine anti-Id (26).

Both scleroderma-associated Ids (the private Id-EM-SCL
and the CRI-SG-SCL) differ from the natural CRI-NM in their
association with the antigen binding site. In both cases, the
binding to autoantigen altered the capacity of the idiotype to
interact with the homologous anti-Ids and vice versa.

Wehave previously reported that neither NMor EM-SCL
express Id-SG-SCL nor SG-SCL expresses the CRI-NM or Id-
EM-SCL( 15 ). Wehere carried out additional experiments and
now are able to demonstrate that Id-SG-SCL is expressed in her
non-antitopo-I Igs and that other antitopo-I molecules from

unrelated scleroderma patients may express this CRI-SG-SCL
with or without CRI-NM.

The presence of private and public Ids as well as the inde-
pendent expression of different CRIs has been reported to oc-
cur in several autoantibody responses like rheumatoid factors
(RF) and cold agglutinins (CA) (28). Increasing evidence sug-
gests that CRIs may reflect the expression by different antibody
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Figure 9. Blocking ELISAs with serial dilutions of inhibitor. EM-SCL
IgG ( .. *.*..** ), EM-SCL IgM (***X ... ), EM-SCL IgA
(..* ...X* ), SG-SCL IgG ( ---*--) SG-SCL-IgM (--- X -),SG-
SCL-IgA (--- X --- ), NMIgG (- + -), NMIgM (- -), and IgA
(both curves overlapped). (A) Inhibition percentage of binding to
topo-I when the purified antitopo-I have been incubated with serial
dilutions of homologous anti-Ids starting at 70-100 Jtg/ml for each
dilution. The IgG and IgA results are plotted in the yJ-axis, the IgM
results are plotted in the y2-axis since they required 3 h of incubation
at room temperature with the color-substrate in the last step and thus
were carried out in different plates. (B) Preincubation of purified
antitopo-I with serial dilutions of topo-I starting with 1 gg/ml. A
shows that inhibition of antitopo-I Ids binding to topo-I by anti-Ids
follows a dose-response curve for all the Ig classes of antitopo-I. B
shows how topo-I fails to inhibit Id-NM/anti-Id-NM binding at any
concentration used for all NMclasses. All classes of EM-SCLand
SG-SCL show dose-response inhibition (see Results).
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Table I. Direct Binding ELISA on Topo-I and on Anti-ID

SG-SCL SG-FT 1 2 3 4 5 6 7 8

Binding on topo-I precoated plates

IgG 298 160 127 118 126 118 120 123 114 112
IgM 119 118 1803 2025 1655 2245 1130 1434 757 944
IgA 160 117 117 111 121 118 118 115 123 113

Binding on anti-Id to SG-SCL precoated plates

IgG 1069 1219 146 136 149 133 133 133 131 147
IgM 171 235 573 618 596 854 407 456 413 363
IgA 192 276 128 133 126 131 155 157 170 126

Supernatants from SG-SCL clones corresponding to one to eight sequenced ssDNAs were used in a direct binding ELISA on topo-I precoated
plates. Results are given as the mean of the triplicate ODvalues at 405 nmx 1,000. Positive ODvalues are IgG > 0.2, IgM > 0.15, and IgA > 0.15.

molecules of particular heavy and/or light chain gene seg-
ments in or near germline configuration. The association of
these CRIs and autospecificities could then be interpreted as
restriction in the usage of the VH or VL genes in particular
autoimmune responses. Examples of this restriction are the
16/6 Id expressed on IgM antibodies with anti-DNA activity
that has been linked to the VH26 (VH3 family) germline gene
(29). The 17.109 Id related to the 328 kappa IIIb germline
gene, expressed on RFand cold agglutinin molecules (30-32),
and the 9G4 Id encoded within the VH4-2 1 germline gene and
is particularly restricted to anti-red blood cell activity (33) and
several other CRIs that have been linked to heavy chains (28,
34-48).

CRIs may result, on the other hand, from somatic muta-
tions or specific rearrangements that conform a particular
CDRstructure within the VH or VL regions (49-53). One re-
port clearly defined an interspecies CRI located in the CDR2of
the VHexpressed in nonrelated VHgenes (54).

Idiotypes may be expressed in the light chain (LC), heavy
chain (HC), or require the association of both LC and HC. An
interesting aspect of our findings is the localization of idiotype
to VH only. Weshow that the binding of all anti-Ids required
only the heavy chains of the antibodies. Idiotypes only at the
HChave been documented in the past (28-30, 33, 36-38, 43-
45, 49, 50, 53-56) and they may not require the association
with the LC (28, 42, 43, 53-56).

I I 11 11 III lV IV V V VI VI

The molecular analysis of the VHgene segment expressing
the scleroderma-associated CRI-SG-SCL disclosed the usage of
the germline genes VH4-2. 1, DXP1, and JH4. The use of a VH4
gene is interesting and adds antitopo-I to the list of other auto-
antibodies encoded by this small VH family. Also interesting is
the use of germline copies of the DXP1 and JH4 genes that have
also been described in other human autoantibodies like mono-
clonal RF and CAs (28, 29, 45).

The origin of autoantibodies is still a controversial issue.
The Ig molecule results from VHand VL gene rearrangements
occurring early in B cell maturation and from somatic changes
that take place later in B cell development (57, 58). The fetal
and neonatal B cell repertoires include genes that have been
shown to encode self-reactive antibodies (34, 46-48, 57-59)
and some of these genes have been proposed to play an impor-
tant role in immune regulation and development of normal
immune repertoire (34-36, 46, 48, 57-59). Autoreactivity
could be a result of immune disregulation leading to the over-
expression of particular self-reactive germline Ig genes (34-37,
46, 47, 57, 59-63). On the other hand it has been suggested
that autoantibodies result from an antigen-driven process, i.e.,
the autoantigen selects those somatically mutated B cell clones
that produce an antibody with highest affinity for the antigen.
This second view is supported by similarities of disease-asso-
ciated autoantibodies to the antibodies found in the secondary
immune response (38, 49, 50, 63-69).

I 11111 IVy VI

Figure 10. Agarose gel of the DNA-PCRamplified fractions (see Methods). DNAfrom all clones amplified the VH4 family gene (clone 3.31 is
shown here). Each amplification was carried out by duplicate, using primers for the VH families I, II, III, IV, V, and VI. On the right the PCR
control reaction with no DNAis shown (see Methods).
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A

VH4-2.1 CATCAGCAGTAGTAGTTACTACTGGGGCTGGATCCGCCAGCCCCCAG

SG ----------------------------------------

VH4-2.1 GGAAGGGGCTGGAGTGGATTGGGAGTATCTATTATAGTGGGAGCACCT

SG C

VH4-2.1 ACTACAACCCGTCCCTCAAGAGTCGAGTCACCATATCCGTAGACACGT

SG --------------------------------------------

VH4-2.1 CCAAGAACCACTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCAGACA
SG ----------G-------------------------------------
VH4-2.1 CGGCTGTGTATTACTGTGCGAGA

SG

DXP1 GTATTACGATATTTTGACTGGTTATTATAAC

SG CAT--------------------------C--

JH4 ACTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCA

SG

B

VH4-2.1 QLQLQESGPGLVKPSETLSLTCTVSGGSIssssYYWG

SG ---------------------------- ----

VH4-2.1 WIRQPPGKGLEWIG SIYYSGSTYYNPSLKS RVTIS

SG -------------

VH4-2.1 VDTSKNHFSLKLSSVTAADTAVYYCAR

SG --------------------------

DXP1

SG

YYDILTGYYN

H----------T
YFDYWGQGTLVTSS

SG -------------

Figure 11. Comparison of the nucleotide (A) and amino acid (B) se-
quences of the SGheavy chain variable region and the VH4.2-1,
DXP1, and JH4 germline genes. Identity of the sequences is denoted
by dashes. CDRsare denoted by boxes in the amino acid sequence.

Our data show that all the IgM kappa antitopo-I from SG-
SCL clones expressed the same CRI-SG-SCL found in the
serum. Furthermore, we showed that all classes of CRI-SG-
SCL (+) serum antitopo-I displayed similar dose-response
curves on inhibition studies most likely with similar avidities
and affinities for the autoantigen as well as for the anti-Ids.
Thus the VH-associated CRI-SG-SCL is likely encoded by the
same or very similar germline gene in the B cells secreting dif-
ferent classes of antitopo-I.

Studies of CAs from different individuals has suggested that
anti-red blood cells responses are restricted in the usage of the
VH4-2 1-encoded CRI. Since the anti-Id blocks both the bind-
ing and cold agglutination, this CRI may be close to the CDRs
(33, 55 ). The high prevalence of VH4-2 1-encoded autoreactive
antibodies (70) and the binding of protein A to the VH3 region
of Igs ( 1 8) have raised the novel concept of a nonconventional
antigen binding site for autoantigens (70). The specificity for
antitopo-I could thus be within this VH4 gene. The future mo-
lecular analysis of other scleroderma antitopo-I producers from
nonrelated individuals, including NM, will define if there is
indeed a preferential use of this or other VH4 family member
and if there is an association between the expression of CRI-SG

and disease. It has been suggested that disease-associated IgG
autoantibodies may originate from 1gM precursors that belong
to the pool of natural autoantibodies (71, 72). Some of these
disease-associated autoantibodies have undergone class switch
and presumably accumulate somatic mutations that increase
the affinity for the autoantigen (64-67) and at the same time
modify the expressed Id rendering it private (39, 51, 52, 61,62,
64,65,68,69).

It will be important to identify the gene used by CRI-NM,
which may be a non-self-reacting germline gene. It will also be
necessary to determine whether other anti-topo-I antibodies
that share the CRI-SG use the VH4-2.1 germline gene. Such
antibodies would then be different from CRI-NM. In this case,
CRI-SG may be encoded by an autoreactive VHgermline gene
combination that has been either autoantigen-selected (60) or
expressed after a deletion of a closer, non-self-reactive gene
(36), by other immune disregulation at the idiotype network,
or at the T cell level (67, 70-72).

In summary, the idiotypic studies presented herein are con-
sistent with the notion that autoantibodies sharing the same
specificity can be encoded by either germline genes or genes
that have undergone a process of somatic mutation. It is likely
that antigen-driven selection of certain somatically mutated B
cells may be responsible for the emergence of private idiotypes
and possible escape from idiotype network regulation.

The fact that both types of autoantibodies were found in the
limited number of patients studied also suggests that it may not
be unrealistic to imagine that both private idiotypes and CRIs
may coexist in the same patient and that the expression of
germline genes plays a protective role against the emergence of
somatically mutated autoreactive clones (72).
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