ARTHRITIS & RHEUMATISM
Vol. 63, No. 9, September 2011, pp 2783–2789
DOI 10.1002/art.30464
© 2011, American College of Rheumatology

Association of the Idiotype:Antiidiotype Antibody Ratio
With the Efficacy of Intravenous Immunoglobulin Treatment
for the Prevention of Recurrent Autoimmune-Associated
Congenital Heart Block
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bodies against anti-La(349–364) was observed. The Id:
anti-Id ratio was significantly higher in mothers whose
offspring developed neonatal lupus compared to mothers who gave birth to a healthy child (P < 0.0001).
Removal of anti-Id antibodies substantially increased
the reactivity against La(349–364) in sera from 5 of 7
mothers tested. All IVIG preparations were examined
for Id and anti-Id antibody activity. IVIG from batches
administered to mothers who gave birth to a healthy
child had an Id:anti-Id activity ratio of <1, in contrast
to that given to mothers who gave birth to a child with
neonatal lupus. Addition of the IVIG preparations to the
maternal sera further enhanced antiidiotypic activity
(by up to 4.7-fold) in 11 of 13 patients studied.
Conclusion. This is the first study in humans to
demonstrate that IVIG influences the Id–anti-Id network of a specific pathogenic autoantibody. Specifically,
we showed that IVIG enhanced the anti-Id antibody
response in pregnant women with anti-La/SSB antibodies. A high Id:anti-Id ratio in both the IVIG preparation and the maternal serum may explain the absence
of an effect of IVIG in preventing recurrent neonatal
lupus in some cases.

Objective. Congenital heart block (CHB), a manifestation of neonatal lupus, is associated with maternal
anti-Ro/SSA and anti-La/SSB autoantibodies and recurs in ⬃18% of subsequent pregnancies. This study
was undertaken to investigate the effect of the idiotype:
antiidiotype (Id:anti-Id) antibody ratio in the ability of
intravenous immunoglobulin (IVIG) administered during subsequent pregnancies to prevent CHB.
Methods. We studied 16 anti-Ro/SSA and anti-La/
SSB–positive pregnant women from the Preventive IVIG
Therapy for Congenital Heart Block study who had
previously given birth to a child with neonatal lupus. In
3 of the mothers, the study pregnancy resulted in the
birth of a child with neonatal lupus (2 with CHB and 1
with rash). Sequential serum samples were obtained
from all mothers immediately before the administration
of IVIG during pregnancy and were evaluated for antibodies against the major B cell epitope 349–364aa of
La/SSB (idiotype) and its antiidiotypic antibodies.
Results. Following IVIG treatment, serum titers
of anti-La(349–364) (Id antibodies) decreased in 80% of
the mothers, and in 60% an increase in anti-Id antiSupported in part by the Research Council of the University
of Athens. Dr. Buyon’s work was supported by the Alliance for Lupus
Research and the NIH (grant AR-042455-16 and National Institute of
Arthritis and Musculoskeletal and Skin Diseases contract AR-4-2271).
1
John G. Routsias, MD, PhD, Nikolaos C. Kyriakidis, BSc,
Haralampos M. Moutsopoulos, MD, FACP, FRCP, Athanasios G.
Tzioufas, MD: University of Athens, Athens, Greece; 2Deborah M.
Friedman, MD: New York Medical College, Valhalla; 3Carolina
Llanos, MD: Pontificia Universidad Catolica de Chile, Santiago, Chile;
4
Robert Clancy, PhD, Jill Buyon, MD: New York University School of
Medicine, New York, New York.
Address correspondence to Athanasios G. Tzioufas, MD,
Department of Pathophysiology, Medical School, University of Athens,
75 Micras Asias Street, 11527 Athens, Greece. E-mail: agtzi@med.uoa.gr.
Submitted for publication August 9, 2010; accepted in revised
form May 17, 2011.

Congenital heart block (CHB) is a model of
passively acquired autoimmunity that is strongly associated with the transplacental passage of maternal IgG
against Ro/SSA and La/SSB ribonucleoproteins (1).
CHB is a cardiac manifestation of the so-called neonatal
lupus syndromes, a constellation of clinical manifestations found in babies born to mothers with anti-Ro/antiLa antibodies, which may include a cutaneous rash or,
very rarely, blood or liver abnormalities that improve
over time (2,3).
CHB is the most serious manifestation of neona2783
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tal lupus and can cause permanent and often lifethreatening damage to the fetal heart. The incidence of
CHB in the offspring of mothers with the pathologic
autoantibodies ranges between 1% and 2% (4,5), but the
recurrence rate in subsequent pregnancies following the
birth of a child with neonatal lupus is ⬃18% (6–8). It
appears that the presence of maternal antibodies is a
necessary, but not sufficient, condition for the development of CHB. The uterine environment, fetal factors
(e.g., genes, viral infections), and maternal factors (e.g.,
specific autoantibody profile) (9) or the absence of an
active antiidiotypic network targeting pathogenic autoantibodies (10) have been proposed as possible cofactors
in the development of CHB. In a previous study, in an
attempt to define the role of this network in the development of neonatal lupus, we evaluated the idiotypic–
antiidiotypic (Id–anti-Id) network of antibodies targeting the dominant epitopes of La/SSB (10); we concluded
that the presence of anti-Id antibodies to autoantibodies
against La/SSB may protect the fetus by blocking pathogenic maternal autoantibodies.
In the present study of mothers who were enrolled in the Preventive IVIG Therapy for Congenital
Heart Block (PITCH) study, we evaluated the effects
of intravenous immunoglobulin (IVIG) therapy on the
Id–anti-Id network of anti-La/SSB antibodies. We found
that, although administration of intravenous immunoglobulin (IVIG) at doses consistent with replacement
does not prevent the recurrence of CHB overall (11), it
significantly alters the Id–anti-Id network of pathogenic
autoantibodies, increasing the anti-Id response against
them. We also showed that in the pregnancies resulting
in the birth of a healthy child, the anti-La/SSB antibody
Id:anti-Id ratio in maternal serum was significantly lower
compared to the ratio observed in pregnancies resulting
in the birth of a child with neonatal lupus.
PATIENTS AND METHODS
Study subjects. Between January 2007 and January
2009, 21 women were enrolled in the PITCH study, a US-based
multicenter, prospective, open-label clinical trial, after providing informed consent. All of the following inclusion criteria
were required for study enrollment: 1) documentation of
anti-Ro/SSA and/or anti-La/SSB antibody positivity; 2) a previous child with CHB (any degree, documented by electrocardiography if a live birth and/or by echocardiography and/or
histologic findings if fetal death) and/or characteristic neonatal
lupus rash (confirmed by dermatologic assessment and/or
biopsy findings); and 3) current intrauterine pregnancy of ⬍12
weeks’ gestation, with normal fetal heartbeat and heart structure. Exclusion criteria included 1) current prednisone dosage
⬎20 mg/day or current use of dexamethasone at any dosage;

2) IgA levels below normal values for the laboratory conducting the test; or 3) presence of any structural abnormalities of
the fetal heart that could cause CHB, such as L-transposition
of the great arteries, atrioventricular (AV) septal defect, or
heterotaxia. Of the 21 women enrolled, there was 1 screening
failure: this patient had a spontaneous miscarriage at 9 weeks,
prior to initiation of the study protocol.
Sequential serum samples were obtained from the 20
mothers who completed the PITCH study. Three fetuses were
diagnosed as having advanced heart block (at weeks 19, 20, and
25 of gestation). One of them was from an anti-La/SSB–
negative mother. Of the 17 children without CHB, 1 neonate
(from an anti-La/SSB–positive mother) presented with a neonatal lupus rash and Sweet’s syndrome. Sera from 4 mothers
were found to be negative for anti-La/SSB antibodies (using a
commercial assay) and displayed minimal reactivity against the
major epitope of La/SSB, and therefore were not included in
further experiments. Therefore, the final study population
consisted of 16 women, 3 of whom gave birth to children with
neonatal lupus (2 with CHB, 1 with characteristic rash). All
sera were positive for antibodies against Ro 60 and Ro 52
autoantigens.
IVIG administration and followup. IVIG infusions
(400 mg/kg) were administered over periods of 3–4 hours at 12,
15, 18, 21, and 24 weeks’ gestation. Blood samples were
obtained before each infusion, at 28 weeks, at 34 weeks, and at
the time of delivery, and analyzed under blinded conditions.
Fetal echocardiograms were obtained weekly between week 16
and week 26 of gestation and then every 2 weeks thereafter
until week 34.
Peptide synthesis and definitions. Synthetic peptides
corresponding to the major B cell epitope of La/SSB,
G349SGKGKVQFQGKKTKF364 (La[349–364]), as well as its
complementary epitope, K 364 FRFLALKLYFSFTRP 349
(cpep[349–364]), were purchased from Biosynthesis. We have
previously shown that antibodies against complementary
epitope La(349–364) are antiidiotypic to antibodies against
La(349–364) (10,12,13); thus, antibodies against epitope 349–
364 were considered as idiotypic and antibodies against complementary epitope 349–364 as antiidiotypic.
Antipeptide and anti–complementary peptide enzymelinked immunosorbent assays (ELISAs). Antipeptide and
anti–complementary peptide antibodies were detected with an
ELISA that was optimized for each synthetic peptide, according to a previously described protocol (10).
Isolation of anti-La(349–364) IgG antibodies. Specific
CNBr-activated Sepharose 4B immunoaffinity columns were
generated by standard methods, using 15 mg of La(349–364)
peptide. IgG from 4 sera that strongly recognized the La/SSB
epitope 349–364 on ELISA were purified with protein
A–Sepharose, concentrated, dialyzed against phosphate buffered saline (PBS), and passed through the peptide immunoaffinity column. Subsequently, the column was washed with
PBS and eluted with 8M urea. The eluates were dialyzed
against PBS, concentrated, and redialyzed. Antipeptide IgG
concentrations were evaluated by the Lowry method (DC
Protein Assay; Bio-Rad).
Preparation of F(ab)2 anti-La(349–364) fragments
and assay for direct detection of anti-Id antibodies. Purified
anti-La(349–364) IgG antibodies were subjected to enzymatic
degradation with pepsin and purified to be free of traces
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of intact IgG, as described previously (12). Purified F(ab)2
fragments of anti-La(349–364) antibodies (5 g/ml in carbonate buffer [pH 9.6]) were applied in Costar high-binding
microtiter plates for 1 hour at 25°C. Subsequently, the plates
were blocked and washed, and sera were added at a dilution
of 1:150–1:300 and incubated overnight at 4oC. The wells
were then washed and alkaline phosphatase–conjugated
goat anti-human IgG (1:2,000 in blocking buffer; Jackson
ImmunoResearch) was added. The plates were incubated for
1 hour at room temperature. The wells were then washed and
an ELISA amplification substrate system (Invitrogen) was
applied. Absorbance was measured at 495 nm.
Anti-La(349–364) ELISA after removal of anti-Id
antibodies. Anti-La(349–364) reactivity was evaluated after
dissociation of Id–anti-Id immune complexes (by heating the
samples at 53oC) and subsequent removal of anti-Id antibodies
using anti-La(349–364) purified antibodies coupled to protein
A–Sepharose beads. Normal IgG coupled to protein
A–Sepharose beads was used as a negative control.

RESULTS
Augmentation of the anti-Id response by IVIG
administration. Id and anti-Id antibody titers in serial
serum samples from 15 of 16 anti-La/SSB–positive
mothers, including 2 who gave birth to children with
neonatal lupus, were assessed under blinded conditions.
Serial samples were not available from 1 of the anti-La/
SSB–positive mothers, who also gave birth to a child
with neonatal lupus; thus, this mother was not included
in the analyses involving serial samples. We found that
IVIG administration augmented the anti-Id response
and in parallel attenuated the Id response, in the
majority of sera tested. More specifically, after therapy
the titer of anti-Id antibodies was increased (by 14–
620%) in 9 mothers (60%), anti-Id activity remained
the same as at study entry in 2 mothers, and the titer
of anti-Id antibodies was decreased (by 13–78%) in 4
mothers. In contrast, the titer of Id antibodies was
decreased (by 14–61%) in 12 mothers (80%), Id activity
remained the same as at study entry in 1 mother, and
the titer of Id antibodies was increased (by 38–53%) in
2 mothers.
The Id:anti-Id ratio of antibodies against the
major epitope of La/SSB predicts the appearance of
neonatal lupus in anti-La–positive sera. In the 2 mothers whose study pregnancy resulted in the birth of a child
with neonatal lupus and for whom sequential sera were
available (patients 595 and 575), anti-Id antibody titers
did not increase. Although the Id antibody titers in these
2 mothers were decreased by 32% and 42%, respectively, these titers remained 4.96- and 4.45-fold higher
than the anti-Id antibody titers. In contrast, mothers who
gave birth to a healthy child had either a lower titer of Id
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antibodies than anti-Id antibodies or a robust increase in
anti-Id antibodies during the period of IVIG treatment,
bringing their levels very close to the levels of Id
antibodies by the end of therapy (t ⫽ 6.81, P ⬍ 0.0001,
average difference between Id and anti-Id titer in patients 595 and 575 versus the other 13 mothers). Furthermore, all 3 anti-La–positive mothers who gave birth
to a child with neonatal lupus exhibited significantly
higher Id:anti-Id ratios than those in mothers whose
study pregnancy did not result in the birth of a child with
neonatal lupus (t ⫽ 7.09, P ⬍ 0.0001) (Figure 1A).
Confirmatory detection of anti-Id antibodies using highly purified F(ab)2 fragments of anti-La(349–
364) antibodies. Although previous studies in our laboratory revealed that complementary peptides could be
efficiently used for detection of anti-La/SSB anti-Id
antibodies (12), we further confirmed detection of antiId antibodies using highly purified F(ab)2 fragments of
anti-La(349–364) (Id) antibodies. Sequential sera from 7
anti-La/SSB–positive mothers were used in this assay.
The reactivity patterns obtained by the direct detection
of anti-Id antibodies were found to be almost identical to
those obtained using complementary peptides, for all
series of sera tested.
Removal of anti-Id antibodies enhances the reactivity of antibodies against the major epitope of
La/SSB, La(349–364). Our previous work showed that
anti-Id antibodies are able to mask the anti-La/SSB
response; and dissociation of Id–anti-Id immune complexes followed by blocking of anti-Id antibodies disclosed the hidden autoantibody activity (12). In the
present study we used a similar approach, dissociating
Id–anti-Id complexes by heating and removing the antiId antibodies with beads coated with anti-La(349–364)
antibodies. We found that removal of anti-Id antibodies
increased the idiotypic reactivity pattern in sequential
sera from 5 of 7 mothers tested. None of these 5 mothers
gave birth to a child with neonatal lupus during the
study. In the serially tested sera from the remaining 2
mothers, there was no significant alteration of idiotypic
activity; 1 of these 2 mothers gave birth to a child with
neonatal lupus.
Inadequate content of anti-Id antibodies in IVIG
preparations administered to the mothers of children
with neonatal lupus. The increase in anti-Id activity
after IVIG administration observed in the majority of
mothers could be attributed to the exogenous addition
of anti-Id antibodies contained in the IVIG preparation.
Thus, we examined the Id and anti-Id content of the
IVIG preparations given to 13 anti-La/SSB–positive
mothers. IVIG preparations were found to contain

2786

ROUTSIAS ET AL

Figure 1. A, Idiotype:antiidiotype (Id:anti-Id) ratio of antibodies against the major epitope of
La/SSB after intravenous immunoglobulin (IVIG) administration, in mothers who gave birth to a
child with neonatal lupus and mothers who gave birth to a healthy child. Horizontal dashed bars
show the mean. The mean Id:anti-Id ratio was significantly higher in the mothers who gave birth
to a child with neonatal lupus than in those who gave birth to a healthy child (P ⬍ 0.0001). CHB ⫽
congenital heart block. B, Id:anti-Id ratios in the IVIG preparations received by 13 of the 16
mothers. The Id:anti-Id ratio in the IVIG received by the mothers who gave birth to a child with
neonatal lupus (stars) was ⱖ1, and the mean Id:anti-Id ratio in the IVIG received by these mothers
was higher than that in the IVIG received by mothers who gave birth to a healthy child (P ⬍
0.0001). Labels below the bars show the patient number and week of IVIG administration.

anti-Id antibodies, but the titers fluctuated between
batches. Moreover, the ratios of Id:anti-Id activity in the
IVIG administered to mothers who gave birth to a child
with neonatal lupus were ⱖ1, which was a higher ratio
than the ratios found in the IVIG from batches administered to mothers giving birth to a healthy child (0.41–
0.84) (t ⫽ 6.43, P ⬍ 0.0001). Accordingly, mothers who
gave birth to a healthy child had received IVIG containing higher anti-Id activity in relation to Id activity
compared to mothers who gave birth to a child with
neonatal lupus (Figure 1B).
Exogenous addition of IVIG increases further
anti-Id reactivity in maternal sera. To explore the
potential of IVIG to further increase the anti-La/SSB

anti-Id activity in recipients’ sera, we added to each
mother’s serum (which had been collected just prior to
IVIG administration) 5.7 mg/ml of the IVIG preparation that the woman had actually received at each
treatment time point. In sera from 11 of 13 women,
exogenous IVIG addition enhanced anti-Id activity by
1.20–4.70-fold. Activity in sera from 3 representative
patients is shown in Figure 2. No significant alteration in
anti-Id activity was observed in sera from the remaining
2 women. In parallel, Id activity was reduced in sera
from 9 of 13 women (by 10–53%), remained stable in
serum from 1 woman, and increased (by 1.25–1.79-fold)
in sera from the remaining 3 women. Overall, in 12 of 13
women, exogenous addition of IVIG led to higher
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DISCUSSION

Figure 2. Direct effect of IVIG on the Id–anti-Id network and the
level of pathogenic autoantibodies in 3 representative patients (patients 168 [A], 653 [B], and 467 [C]). Exogenous IVIG preparations
(5.7 mg/ml) were added to serum that had been collected during
pregnancy just prior to administration of IVIG treatments. Anti-Id
activity (anti-cpep) was substantially increased, whereas Id activity
(anti-pep) was not significantly affected. See Figure 1 for other
definitions.

increases of antiidiotypic than of idiotypic activity. Examples of reactivity patterns are available upon request
from the corresponding author.

CHB is closely associated with the presence of
anti-Ro and anti-La antibodies (2). It has been hypothesized that maternal autoantibodies trigger an inflammatory cascade that leads to irreversible fibrotic replacement of the fetal AV node (3,14). Therefore, once
(third-degree) CHB develops in the fetus, it cannot be
reversed with any available treatment. The condition is
fatal in ⬃20% of cases. The incidence of CHB is 10-fold
higher in the offspring of mothers who are positive for
anti-Ro and anti-La antibodies and have had a child with
neonatal lupus (8), comprising the group of high-risk
pregnancies. In these cases, prophylactic therapy would
be particularly beneficial.
Proposed mechanisms to explain how IVIG prevents tissue damage have included the following: 1) it
increases elimination of maternal anti-Ro and anti-La;
2) it reduces transplacental transport of antibodies; and
3) it modulates the inhibitory signals on macrophages,
with consequent reduction of the inflammatory response
and fibrosis in the fetal heart (15–17). In the PITCH
study, IVIG was given to prevent development of CHB
in the fetuses of 20 high-risk pregnant women (11). In
parallel, a study using an identical treatment protocol in
15 high-risk pregnant women was conducted in Europe
(18). Both studies were discontinued after reaching the
stopping rule, i.e., detection of 3 cases of CHB among
the first patients who were enrolled (11,18). Despite the
finding that administration of IVIG at low doses does
not prevent the recurrence of CHB, it was of particular
interest to study how IVIG alters the Id–anti-Id network
of pathogenic autoantibodies in the sera of mothers
enrolled in the PITCH study.
Our previous work suggested that the presence of
anti-Id antibodies to autoantibodies against La/SSB may
protect the fetus by blocking the pathogenic maternal
autoantibodies (10). This finding prompted us to investigate in detail the Id–anti-Id network of anti-La/SSB
antibodies among mothers enrolled in the PITCH study.
Sixteen of 20 mothers who completed the PITCH study
were anti-La/SSB positive, and 3 gave birth to a child
with neonatal lupus (2 with CHB and 1 with rash). The
sera of the mothers of all 3 infants with neonatal lupus
had a significantly higher Id:anti-Id antibody ratio than
those of the mothers who gave birth to a healthy child,
suggesting an inadequate antiidiotypic response after
IVIG administration.
Therefore, unbalanced idiotypic antibodies, targeting the major epitope of La/SSB by antiidiotypic
antibodies, may be an important determinant of neona-
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tal lupus occurrence in the offspring of mothers treated
with IVIG. However, it was unclear how each dose of
IVIG alters the anti-Id network and influences Id and
anti-Id antibody levels. To address this question, we
carried out detailed analyses of Id and anti-Id reactivity
in maternal sera at each time point of IVIG administration. Repeated IVIG administration led to a gradual
increase of anti-Id activity and a decrease of Id activity
in the majority of cases, bringing the levels of anti-Id
antibodies close to the levels of Id antibodies. However,
this was not the case for the mothers of the affected
children with neonatal lupus; in sera from these mothers, anti-Id antibody titers did not approach those of the
Id antibodies.
Inadequate anti-Id response has been recently
correlated with the appearance of other autoimmune
diseases, such as type 1 diabetes mellitus (DM) (19).
Type 1 DM is characterized by the presence of autoantibodies to glutamate decarboxylase 65 (GAD65) (20).
GAD65 antibodies often herald the onset of type 1 DM
by months or years and, together with other autoantibodies to islet cells, are used to predict disease (21).
Recently, Oak et al demonstrated that masked GAD65
antibodies are present in the healthy population and the
absence of a particular anti-Id antibody, rather than
GAD65 antibodies per se, is a characteristic of type 1
DM (19). Consistent with this concept are our results,
which suggest the existence of masked Id antibodies (by
anti-Id antibodies) in the mothers who gave birth to a
healthy child. More specifically, we found that elimination of anti-Id antibodies from the sera of mothers
treated with IVIG substantially enhanced the autoantibody (Id) activity in 5 of 7 series of sera tested (but not
in the sera of 1 mother who gave birth to a child with
neonatal lupus).
The increase of anti-Id activity and decrease of Id
activity observed in many of the maternal sera following
IVIG administration could be attributed to direct addition of anti-Id antibody to the mothers’ sera. This
hypothesis was confirmed by examining the Id and
anti-Id antibody content of the different IVIG preparations administered to 13 of the 16 anti-La/SSB–positive
mothers enrolled in the PITCH study. These experiments showed that all but 2 of the mothers had received
IVIG preparations with higher anti-Id activity than Id
activity. The 2 mothers in whom this was not the case
each gave birth to a child with CHB. Thus, it is plausible
that the reason IVIG did not prevent CHB in 2 mothers
was that they received IVIG with a high Id:anti-Id
activity ratio, and thus anti-Id antibodies were not
effectively increased.
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Previous studies have indicated that IVIG exerts
reactivity against different autoantigens, as well as antiidiotypic antibodies (22–25). This reactivity is likely due
to the presence of polyreactive IgG antibodies and
anti-Id antibodies in the pooled plasma used for IVIG
fractionation (26,27). However, it can be augmented by
various chemical treatments to which the IgG molecules
have been subjected during the fractionation process
(22,28). More specifically, the production process of
commercial IVIG preparations (which differs among
brands) involves fractionation and virus inactivation
steps that include, in some cases, treatment at extreme
physical conditions. These procedures significantly affect the autoreactivity of IVIG (22). Therefore, it is not
surprising that different brands and batches of commercial IVIG (as used in the PITCH study) do not have
identical Id and anti-Id antibody content.
Exogenous addition, to individual women’s serum, of the IVIG preparation that they had received at
each study time point during pregnancy led to a large
increase in anti-Id activity and a small decrease in Id
activity in the majority of sera tested. In this respect,
higher doses of IVIG (up to 2 mg/kg), which are
presumed to be safe in pregnancy (29,30), might be more
efficient for the prevention of neonatal lupus. Moreover,
given that the IVIG preparations administered to mothers who gave birth to a child with CHB had an Id:anti-Id
activity ratio of ⱖ1, pretesting of IVIG and selecting
preparations with low Id–anti-Id potential for administration to high-risk women might be more efficacious in
preventing neonatal lupus and CHB.
In conclusion, our study demonstrates that
IVIG preparations contain anti-Id antibodies, and their
administration can enhance the antiidiotypic antibody response in pregnant women who are positive for
anti-La/SSB. The success of IVIG therapy may be a
function of the anti-Id potential of each IVIG preparation as well as the Id:anti-Id ratio achieved in maternal
sera after administration of IVIG.
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