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Abstract

The molecular basis of autoantibody reactivity with compo-
nents of the SSA/Ro-SSB/La particle exhibited by sera of
mothers of infants with severe and permanent manifestations
of neonatal lupus (NLE) was investigated using immunoblot-
ting and immunoprecipitation. The characteristics ofNLE that
were studied included congenital complete heart block
(CCHB), second degree heart block, and hepatic fibrosis. Anti-
bodies specific for one or more components of the SSA/Ro-
SSB/La particle were found in sera from all 20 mothers of
permanently affected infants. However, no antibody specific
for a single peptide of this particle was common to all sera.
Using tissue extracts from a human cell substrate, 80% of
these sera had antibodies to one or more components of the
SSA/Ro particle demonstrable by immunoblotting. The pre-
dominant antibody response in the NLE group was to the
newly recognized 52-kD SSA/Ro peptide component. In con-
trast, antibodies to the 60-kD SSA/Ro component although
present, were the least represented and not significantly in-
creased in frequency among mothers of these infants, com-
pared with a group of 31 mothers with autoimmune diseases
such as systemic lupus erythromatosus (SLE) but who had
healthy offspring. Antibodies directed to the 48-kD SSB/La
antigen were demonstrated in 90% of the NLE mothers often
accompanying antibodies against the 52-kD SSA/Ro compo-
nent. The combination of antibodies to 48- and 52-kD struc-
tures was significantly increased in the NLE group, with an
odds ratio of 35. The type of cell or tissue substrate was shown
to influence detectability of antibodies. The 52-kD SSA/Ro
peptide and the 48-kD SSB/La peptide were abundant in car-
diac tissues from fetuses aged 18-24 wk, further supporting
the possible relevance of these peptides to heart block.

Introduction

The potentially severe and permanent manifestation ofneona-
tal lupus (NLE),' congenital complete heart block (CCHB)
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1. Abbreviations used in this paper: ARA, American Rheumatism As-
sociation; CCHB, complete congenital heart block; NLE, neonatal
lupus; SS, Sjogren's Syndrome.

appearing after the first trimester of pregnancy is significant
both as a model for a passively acquired autoimmune disease
and in terms of diagnosis and management. The mechanism
ofdisease is considered to depend on the placental transport of
maternal antibodies capable of initiating specific myocardial
inflammation that permanently damages the conduction sys-
tem ofthe developing fetal heart (1); however, the nature ofthe
antigen-antibody system or systems involved in the injury of
the fetal heart remains as a challenge for investigation.

The recognition that antibodies to the SSA/Ro ribonucleo-
protein complex were found in as many as 85% of sera from
mothers of infants with CCHB or other manifestations of pas-
sively acquired NLE such as skin or liver disease was an im-
portant advance, directing attention to this antigen as a poten-
tial candidate despite its intracellular location (2-6). The possi-
bility that the SSB/La antigen-antibody system might also be
involved in the development ofCCHB has been suggested (7)
because of the vast predominance of antibodies reactive with
the SSB/La protein found in certain patients (7, 8), but no
systematic study ofthe occurrence ofantibodies to all elements
of the SSA/Ro-SSB/La particle has been performed in the
NLE group.

Knowledge of the structures that bear the SSA/Ro anti-
gens, while still incomplete, is rapidly growing. The first major
antigenic component of SSA/Ro to be described was a poly-
peptide of60 kD (9). This gene has been cloned (10). A protein
sequence of a 60-kD component has also been reported that
differs in sequence from the 60-kD species (1 1). Its occurrence
and relationship to the 60-kD species is currently unknown.

Using immunoblot techniques, another polypeptide in the
human SSA/Ro complex has been identified as a 52-kD spe-
cies (12). It has not yet been cloned or chemically purified nor
has its presence in other species been studied. The 52-kD pro-
tein is antigenically and structurally distinct from the 60-kD
protein (12). Both the 60-kD and the 52-kD SSA/Ro peptides
are associated with four RNA species designated hYl, hY3,
hY4, hY5 (9, 12). Other evidence for multiple forms of the
SSA/Ro structure have been reported and that found in fetal
red blood cells apparently associates with only two RNA spe-
cies (13). Additionally there are species differences in the
structure of the SSA/Ro complex, with only two RNA species,
mYl and mY2, identified in the mouse (14). The presence of
the SSA/Ro antigen in fetal cardiac tissue has been reported
using immunofluorescence techniques (5), and a 60-kD SSA/
Ro polypeptide was biochemically identified (6).

The intricacy of the SSA/Ro polypeptide-RNA complex is
further complicated by its association with the 48-kD SSB/La
protein forming a larger assembly (9, 15). The SSB/La protein
does not share antigenic determinants with the SSA/Ro pep-
tides and the genes encoding them show no homology (16, 17).
The SSB/La component is complexed to a spectrum of RNAs
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that includes precursor forms of 5S rRNA and tRNA, certain
small viral RNAs and the SSA/Ro-associated RNAs (18). In
terms of biologic function, the SSB/La protein appears to be
involved in the maturation ofRNA polymerase III transcripts
(18), probably in the termination of transcription (19).

This study was initiated to obtain a more precise molecular
characterization of the relevant antigenic structures identified
by the immune response in women with offspring with NLE,
predominantly CCHB, and to determine whether these com-
ponents, particularly the 52-kD SSA/Ro peptide, are expressed
in fetal cardiac tissue. The specific objectives included using
the resolution of gel separation methods to define the apparent
molecular masses of these autoantigens to determine whether
one or both of the components of the SSA/Ro particle are
recognized by antibodies in the sera of NLE mothers and
whether antibodies to SSB/La are prevalent.

Methods

Patients' sera. Two groups of sera were evaluated. The first group
consisted of sera obtained from 20 women having offspring with severe
and permanent manifestations of NLE. 18 women (patients A-T, ex-

cept C and I; see Table I) were either pregnant with a fetus documented
by echocardiogram to have CCHB or had recently given birth to a child
with CCHB. One woman (patient I) gave birth to an infant with second
degree heart block and another (patient C) had a child with neonatal
skin disease and hepatic fibrosis in whom heart block was not docu-
mented. Ofthis group, two fulfilled a set of criteria for the diagnosis of
Sjogren's Syndrome (SS) (20), five fulfilled American Rheumatism
Association (ARA) criteria for the diagnosis of systemic lupus ery-
thematosus (SLE) (21), and 13 were diagnosed as having an undiffer-
entiated autoimmune state characterized by diverse autoantibodies
and a clinical history insufficient to meet criteria of SLE, rheumatoid
arthritis, or SS. The second group was composed of available sera
obtained from all women who attended the lupus and Sjogren's clinic
at the Hospital for Joint Diseases and Bellevue Hospital and had given
birth to healthy offspring. This group contained serum from 31 pa-
tients (22 of whom were pregnant at the time of serum collection),
representing - 22% of the clinic population. Two of these patients
were diagnosed as having SS, the remaining 29 as having SLE. It is
recognized that a strictly comparable control group is difficult to as-
semble, as some ofthe mothers of offspring with NLE were asymptom-
atic or had only seemingly innocent complaints and the presence of
autoantibodies was identified retrospectively (22).

Gel double diffusion (Ouchterlony). Antibodies to the SSA/Ro and
SSB/La antigens were detected by using double immunodiffusion in
0.6% agarose. Rabbit thymus extract (Pel-Freeze Biologicals, Rogers,
AR), protein concentration 100 mg/ml, was used as the source of
SSB/La antigen, bovine spleen (Pel-Freeze), 100 mg/ml, and extracts
of human B cell lymphoblastoid line WIL-2 cells, protein concentra-
tion 20 mg/ml were used as sources of the SSA/Ro antigen. Reference
sera were obtained from the Center for Disease Control, Atlanta, GA.
Precipitin lines were formed after interaction of extract with 1:1 and
1:30 dilutions of sera and read after 24 and 48 h (12).

ELISA. These assays were performed using commercially purified
preparations of SSA/Ro from bovine spleen and SSB/La from rabbit
thymus (Immunovision, Springdale, AR). SSA/Ro at 5 jg/ml or SSB/
La at 10 jig/ml in 0.05 M NaHCO3/Na2CO3, pH 9.2, were incubated in
50-well enzyme immunoassay plates (Gilford Instrument Laborato-
ries, Oberlin, OH) overnight at 4°C. Plates were washed and then
blocked with 1% bovine serum albumin in PBS containing 0.05%
Tween 20. Sera diluted 1:1000 in PBS containing 0.05% Tween 20
were incubated for 90 min at room temperature. After washing, plates
were incubated with F(ab)2 goat anti-human IgG alkaline phosphatase
conjugate (Sigma Chemical Co.) for 1 h at room temperature. Plates

were then washed and developed with p-nitrophenyl phosphate, diso-
dium (Sigma Chemical Co.) in diethanolamine buffer. Results were
expressed as the optical absorbance at 405 nm less reagent blank. The
mean value of 24 controls was 0.01 (SD = 0.02) for SSA/Ro and 0.01
(SD = 0.01) for SSB/La. Serial dilutions of positive sera revealed the
relationship of antibody titer and optical density to be linear in the OD
range 0.20 to 1.00.

PAGE. SDS-PAGE was performed following the method described
by Laemmli (23), in 15% acrylamide gel slabs. The following protein
standards were used to determine molecular weights: phosphorylase B,
92.5 kD; BSA, 66.2 kD; ovalbumin, 45 kD; glyceraldehyde-3-phos-
phate dehydrogenase, 36 kD; carbonic anhydrase, 31 kD; soybean
trypsin inhibitor, 21.5 kD; and lysozyme, 14.4 kD.

Preparation of cell tissue extracts and radiolabeling. Fresh fetal
cardiac and liver tissue aged 18-24 wk were obtained after elective
termination ofnormal pregnancy by dilation and evacuation. This was
done in accordance with the guidelines of the Institutional Review
Board and after obtaining the consent ofthe mothers. The tissues were
minced and diluted in buffer containing 150 mM NaCl, 50 mM Tris
HCI pH 7.4, 3 mM Na2 EDTA, 0.02% NaN3, 0.5% NP-40, 1 mM
PMSF and centrifuged at 12,000 g for 15 min. Supernatants were
stored at -70°C for use in immunoblot analysis.

The cell lines HeLa and WI-38 (American Type Culture Collec-
tion, Rockville, MD) were grown in monolayer cultures with DME
containing 10% calf serum and 2.5 ug/ml gentamycin sulfate at 37°C
in a 5% CO2 incubator. Cultures were used at subconfluent densities.
Cells were harvested by mechanical detachment. The standard cell
lines MOLT4, derived from a patient with acute T cell lymphoblastic
leukemia, and U937 from a patient with a histiocytic lymphoma, were
grown in medium RPMI 1640 (Gibco Laboratories, Grand Island,
NY), supplemented with 10% FCS, penicillin, streptomycin, and glu-
tamine. MOLT4 cells were specifically chosen because previous studies
demonstrated that these cells provide an excellent source ofthe 52- and
60-kD SSA/Ro components that are reliably recognized in immuno-
blotting by sera containing the respective antibodies (12). For use in
immunoblotting, cells were washed twice with PBS, counted, pelleted,
extracted in buffer containing 150 mM NaCl, 10 mM Tris-HCl, pH
7.2, 0.5% NP-40, and freed of cell nuclei by centrifugation at 12,000 g
for 15 min. In preliminary experiments, various concentrations of cell
and tissue lysates were electrophoresed on SDS gels and selected for the
sharpest banding pattern after staining with Coomassie blue. For these
conditions each lane used for immunoblot contained the total protein
content of 2 X 106 solubilized cell equivalents, or 25 mg ofwet weight
cardiac tissue.

Briefly, for RNA analysis, K562 cells at 0.5 X 106/ml were labeled
with 25 MCi/ml [32P]orthophosphoric acid (carrier free, New England
Nuclear, Boston, MA) in low phosphate DME (phosphate-free MEM
[Gibco Laboratories]) at 37°C for 15 h. Cells were harvested, washed in
PBS, and lysed in buffer containing 10mM Tris pH 7.5, 10 mM KCI, 1
mM Na2 EDTA, 5 mM iodoacetamide and 0.5 mM PMSF at 106/100
!A. After the cells were swollen on ice and sheared in a Dounce ho-
mogenizer, the lysate was rendered 200 mM in NaCl. Lysates were
clarified by centrifugation and supernatants used immediately for im-
munoprecipitation of RNA.

RNA immunoprecipitation procedures. Protein A Sepharose (Phar-
macia Fine Chemicals, Piscataway, NJ)-facilitated immunoprecipita-
tion of labeled cellular antigen by antisera was performed as described
(24). Briefly, 10 ul of each serum was added to 100 ;lI lysate (106 cell
equivalents) and the mixture incubated on ice for 10 min. 40 Ml of50%
protein A-Sepharose was then added and incubated with rotation for
45 min at 4°C. Beads were washed twice with mixed micelle buffer 150
mM NaCl, 50 mM Tris pH 7.5, 2 mM EDTA, 0.25 M sucrose, 2.5%
Triton X-100 and 0.5% SDS, and three times in 150 mM NaCl, 50 mM
Tris pH 7.5, 2 mM Na2 EDTA. RNA was then extracted with phenol/
chloroform, precipitated with ethanol, and run on 7% polyacryl-
amide-7 M urea gels. These were dried and the bands detected by
autoradiography.
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Table I. Antibody Reactivity Patterns ofSerafrom Mothers with NLE Infants against Different Antigen Preparations

Antigen preparation (immunoblot)
RNA immunoprecipitation

MOLT 4 or HeLa* Fetal heart*

Patient serum Diagnosis HLA type 60 52 48 60 52 48 Yl-Y5 5SRNA Pre tRNA

kD

At(7) SLE DR2, DR3 - - + - - + + + +
B UAS ND - - + - - + + + +
Ct (33) UAS ND - - + ND ND ND ND
D UAS ND - - + - - + + + +
E(34) SS B8, DR3, DR7 - + + - + + + + +
F SLE DR1, DR3 - + + - + + + + +
G UAS ND - + + ND + + +
H (33) UAS ND - + + ND ND ND ND
1(33) UAS ND - + + ND ND ND ND
R UAS ND - + + - + + ND ND ND
T UAS ND - + + - + + ND ND ND
J SLE B8, DR3, DR5 + + + - + + + + +
K (35) UAS B8, DR3 + + + + + + + + +
Lt UAS DR7 + + + + + + + + +
M UAS ND + + + + + + + + +
N SS DR4, DR3 + + + + + + + + +
0 (36) UAS ND + + + ND ND ND ND
P SLE DR3, DR6 + + - + + - + - -
Q UAS ND + + - + + - + - -
S SLE B8, DR3 + - + + - + ND ND ND

* Antigen preparations from unfractionated cell lines or whole tissue. Cord blood from NLE neonate contained the same antibodies; C is
from neonate with hepatic fibrosis. UAS, undifferentiated autoimmune state; mother has autoantibodies and some rheumatic symptoms, but
does not fulfill ARA criteria for SLE, rheumatoid arthritis, or SS. ( ) next to the letters denotes a previously published reference on that individual.

Immunoblotting. Electrophoretic blotting was performed using the
method of Towbin et al. (25) with some modifications. Briefly, pro-
teins were separated by SDS-PAGE as described above and were elec-
trotransferred to a nitrocellulose sheet for 3 h at constant voltage of60
V. The nitrocellulose sheets were then incubated for 1 h in PBS con-
taining 0.5% Tween 20 and 3% nonfat milk to block nonspecific bind-
ing sites. Then the nitrocellulose strips or sheets were incubated with a
1:100 dilution of sera and washed for 1 h in the Tween-PBS solution.
In several instances the sera were also tested at a 1:10 dilution. '1251-
Protein A (ICN Biochemicals, Irvine, CA) was used to detect bound
human immunoglobulins.

HLA typing. HLA typing was performed by the standard National
Institutes of Health microcytotoxicity assay (26).

Statistics. The odds ratios were calculated using the formula of
Haldane. Probabilities were calculated by the Fisher exact probability
method and the chi-square statistic, including the Yates correction.

Results

Detection ofantibodies to SSA/Ro by immunoblotting. Using
MOLT4 or HeLa cell lysates as an antigen preparation in im-
munoblotting, 16 of 20 pregnancy sera from mothers having
infants with NLE contained antibodies reactive with peptides
of the SSA/Ro particle. Only 9 of the 16 sera (45% of the
group) contained antibodies directed to the 60-kD species
while 15 (75% of the group) contained antibodies reacting with
the 52-kD component (Tables I and II). The reaction patterns
of the sera of affected neonates were indistinguishable from

those of their mothers (Table I). In comparison, among 31
pregnant patients with SLE or Sjogren's syndrome who had
offspring without evidence of NLE only 12 sera contained
antibodies to the SSA/Ro particle, P < 0.01, demonstrable by
immunoblotting (Table II). 10 of these 12 non-NLE mothers
(32% of the group) had antibodies to the 60-kD SSA/Ro com-

Table II. Differences in the Frequency ofAntibodies
to Biochemically Defined 60-, 52-, and 48-kD Antigens
ofthe SSA/Ro-SSB/La System in Mothers ofOffspring
with and without Neonatal Lupus

Antibody frequency

M, antigens NLE present NLE absent Odds ratio X2 Probability
recognized n = 20 n = 31 (Haldane) (Yates) (Fisher)

kD %

48 90 26 20.5 17.56 <0.001
52 75 32 5.8 7.26 0.003
60 45 32 1.69 0.39 0.3 NS*

52 or 60* 80 39 6.1 7.43 0.003

* NS, not significantly different from the null hypothesis of odds
ratio of 1.0.
t Total anti-SSA/Ro response: the frequency of individuals with anti-
bodies to either the 52- or 60-kD component of SSA/Ro.
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Table III. Different Frequencies ofAntibody Response Patterns
to 60-, 52-, and 48-kD Antigens ofthe SSA/Ro-SSB/La System
in Mothers ofOffspring with and without NLE

Mr antigens NLE present NLE absent
recognized n = 20 n = 31

kD No. % No. %

48 4 20 2 6
52, 48 7 35 0 0
60, 52, 48 6 30 5 16
60,48 1 5 1 3
60, 52 2 10 3 10
52 0 0 2 6
60 0 0 1 3
None 0 0 17 55

ponent (P = NS vs. NLE mothers) and 10 of these sera (32% of
the group) had antibodies to the 52-kD Ro component (P
< 0.01 vs. NLE mothers). One SLE mother of an unaffected
infant had antibodies only to the 60-kD peptide, two had anti-
bodies to the 52-kD peptide alone; patterns not detected in any
of the sera from the NLE mothers (Tables I and III).

Comparison of the immunoblots illustrated in Fig. 1 react-
ing with MOLT4 cell extracts to those illustrated in Fig. 2
using HeLa cell extracts revealed that the former preparation
was a better source of the 60-kD antigen, thereby providing a
stronger signal for its detection. This is demonstrated by the
comparison of Fig. 1, lane 9, and Fig. 2, lane 1, both studied
with serum from the same affected mother, L. Of note, serum
from affected mothers E and F reacted with the 52-kD Ro
component and not the 60-kD on both substrates (Fig. 1, lanes
10 and 14, Fig. 2, lanes 6 and 10). In experiments not depicted,
the possibility was explored that the weaker reactivity with the
60-kD species reflected a lower titer of antibodies. Accord-
ingly, the immunoblots were performed with antisera at a 10-
fold greater concentration. The pattern of reactivity remained

1 2 3 4 5 6 7 8
k D

unchanged emphasizing that antibodies to the 52-kD compo-
nent detectable by this method can occur independently from
antibodies to the 60-kD component.

Detection of antibodies to SSB/LA by immunoblot. Using
MOLT4 or HeLa cell extracts, 90% ofthe NLE pregnancy sera
had antibody profiles that included reactivity against the
48-kD SSB/La protein and its 43-kD degradation product
(27). Only 26% of sera from mothers in the unaffected group
had antibodies to SSB/La (Table II).

Table III lists the patterns of antibody responses to one or
more components of the SSA/Ro-SSB/La complex detected
upon immunoblotting in NLE and non-NLE pregnancies. The
three most common patterns in the NLE group included anti-
bodies recognizing the 48-kD SSB/La antigen either in combi-
nation with antibodies directed to the 52-kD SSA/Ro compo-
nent (35%), in combination with antibodies against both the
52- and the 60-kD Ro components (30%) or in isolation (20%)
(Table III). The respective values in non-NLE mothers for the
latter two profiles were 16 and 6%. These differences were not
statistically significant. However, of particular interest, there
were no patients in the non-NLE group with antibodies simul-
taneously to both the 52- and 48-kD components in the ab-
sence of reactivity to the 60-kD component, although this was
a prevalent antibody profile seen in the 20 individuals in the
NLE group (odds ratio = 35, P < 0.001, Table III). In two
individuals that had NLE in their offspring, serum was avail-
able for serial evaluation over a period of 3 yr. The antibody
profiles which in one case included reactivity against the 52-
and 48-kD peptides and the other against the 48-kD peptide
only, remained unchanged.

Detection ofantibodies to SSA/Ro-SSB/La by Ouchterlony
and ELISA. In the group of mothers with NLE offspring, eight
of the eight sera tested that contained antibodies to the 60-kD
SSA/Ro species were reactive against the partially purified
SSA/Ro bovine spleen preparation by ELISA. Of the 15 sera
reacting with the 52-kD component, 11 tested were reactive by
ELISA. Of the four patients without detectable antibodies to
SSA/Ro by immunoblotting all three tested contained weak
reactivity against the SSA/Ro preparation by ELISA. One of
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Figure 1. Immunoblotting analysis of reactivities of rep-
resentative sera from mothers of offspring with NLE. An
extract ofMOLT4 cells, after gel electrophoresis and
transfer to nitrocellulose, is incubated with a 1:100 dilu-
tion of the serum. The letters correspond to the assigned
letter used in Table I. An asterisk (lanes 2-4) signifies

60 serum from the paired cord blood. Bound human IgG
52 was detected by '251I-protein A. The serum in lane 1

-48 reacts with the 52-, 60-, and 48-kD peptides and is used
as a prototype positive control ( 12). Affows at the right
of each gel identify the three major antigens: 60-kD,
52-kD, and 48-kD. Lanes 1-8 and 9-15 represent sepa-
rate gels as reflected by the difference in migration of the
molecular weight markers. In many sera there are addi-
tional antibodies present distinct from those reactive
with either the 60-, 52-, or 48-kD antigens. For example,
serum from E (lane 14) reacts with an antigen of molec-
ular weight higher than the 60-kD antigen. Many reac-
tive polypeptides below native 48-kD SSB/La are degra-
dation products of the latter, including known 43, 28,
and 23-kD polypeptides (27).
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Figure 2. Representative immunoblot of reactivities of sera from
mothers having offspring with and without NLE. The immunoblot-
ting was performed exactly as described in Fig. I using an extract of
HeLa cells. Again the letters under each lane denote serum obtained
from one of the mothers with affected offspring and correspond to
the assigned letter used in Table 1. Lane 12 illustrates the same posi-
tive control serum used in Fig. 1. Lane 13 is probed with serum from
a normal male individual. Lanes 14-24 are sera from a group of
mothers with SLE who gave birth to healthy offspring (-CCHB).
Arrows identify the locations of the 60-, 52-, 48-, and 43-kD bands.

these sera (patient A) was tested in double diffusion assays by
our two laboratories with a variety of substrates and at differ-
ent concentrations. In no instance could antibodies to SSA/Ro
be demonstrated by reactions of identity with a reference
serum. Because ofthe possibility that the SDS treatment of the
antigen preparation might alter reactivity this serum was stud-
ied in immunoprecipitation using 35S-labeled MOLT4 cells.
Under circumstances where all other tested sera gave typical
SSA/Ro peptides of the appropriate apparent mass, serum A
gave no evidence of reacting detectably with SSA/Ro peptides.

In the group of mothers with healthy offspring, 9 of 10 that
contained antibodies reactive with the 60-kD SSA/Ro were

positive by ELISA with the bovine antigen. Similarly 9 of the
10 reactive with the 52-kD SSA/Ro peptide were positive by
ELISA. One serum in this group reacted with both the 60- and
52-kD components but did not give a positive result on the

o 0 *' m
E- :r> :

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

ELISA. Of the 14 sera from this group which were positive for
SSA/Ro by ELISA, 4 were negative by immunoblot. In one
serum, antibodies were detectable to SSA/Ro by ELISA but
could not be detected by double diffusion experiments.

Immunoblot of extracts from fetal cardiac tissue. Because
the central goal of this study was to characterize the antigen-
antibody systems associated with the development ofNLE and
specifically CCHB, the relative amounts of SSA/Ro and SSB/
La antigens were determined in fetal heart tissues, ages 18-24
wk. Using immunoblot analysis, the fetal heart antigen prepa-
rations contained a preponderance of SSB/La 48-kD antigen
relative to either the 60- or 52-kD SSA/Ro antigen species
(Figs. 3 and 4). The 52-kD SSA/Ro protein was seen to be
present in all these fetal extracts, and gave a stronger signal
relative to the 60-kD antigen in the 1 8-wk fetus. This pattern
of 52-kD component predominance was also noted in a tissue
extract of an 18-wk fetal liver and cord red blood cells as
demonstrated by the reactivity of serum from mother P and
the prototype positive control serum, which contains antibod-
ies to both the 52- and the 60-kD components defined using
MOLT4 (Fig. 3).

Examination of the antibody specificities of 15 sera from
NLE mothers using a cardiac extract ofan 1 8-wk fetus reveals
that all but one of the sera tested had anti-SSA/Ro profiles
equivalent to those obtained with either MOLT4 or HeLa cell
extracts (Table I, Fig. 4). The serum from individual J, which
reacted with the 60-kD Ro antigen in the HeLa and MOLT4
preparations did not react with the 60-kD species in the fetal
heart tissue (Fig. 4, lane 3). In contrast, this serum was weakly
reactive against the 52-kD SSA/Ro component using MOLT4
cells, unreactive with the HeLa extract, but did demonstrate
weak reactivity against the 52-kD Ro antigen in the heart prep-
aration. Each of 13 mothers with anti-La antibodies defined on
MOLT4 and HeLa cell extracts reacted with the 48-kD antigen
in the fetal heart.

Immunoprecipitation of32P-labeledRNA. The RNA bands
precipitated by sera from 13 CCHB mothers studied by this
method confirmed the antibody profiles defined in the im-
munoblot analysis, Fig. 5, Table I. For example the two sera, P
and Q, which contained antibodies to both the 52- and 60-kD
antigens and not the 48-kD antigen precipitated the expected

Figure 3. Immunoblotting analysis demonstrating the
separate specificities of individuals A and P using ex-
tracts from several fetal tissues. The positive (+) con-
trol is described in Fig. 1. In this experiment the neg-

2 3 4 5 ative (-) control is a serum from a normal pregnant
donor. In each set, lane I contains an extract of
MOLT4, lane 2 is an extract of fetal cardiac tissue
aged 18 wk, lane 3 is an extract of fetal liver aged 18
wk, lane 4 is an extract of cord red blood cells from a
healthy neonate, and lane 5 is an extract of the cell
line WI-38 derived from fetal lung fibroblasts aged 3
mo. Serum from individual P has antibodies reactive
with the 60-kD and 52-kD antigens. Serum from in-
dividual A reacts with the 48-kD and 43-kD antigens
of the SSB/LA system. Note in lane 5 probed with
serum from individual A there is no apparent 48-kD
band (large arrow), suggesting that the SSB/LA has
been degraded. This is corroborated in lane S probed
with the positive control where only the 60-, 52-, and
43-kD bands are present. The smaller arrows identify

Co nt r ol the locations of the 60-, 52-, 48-, and 43-kD bands.
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Figure 4. Representative immunoblot using fetal cardiac tissue aged
18 wk and probed with sera from mothers of affected and unaffected
offspring. The letters under the lane correspond to the sera of
mothers with NLE offspring exactly as assigned in Table I. Lane 10
is probed with serum from a normal donor. Lanes 11-13 are probed
with sera from three pregnant lupus patients carrying healthy fetuses
(-CCHB).

RNA species hYl-hY5 associated with the SSA/Ro particle
and curiously in one case immunoprecipitated an RNA spe-
cies of mass similar to tRNA. The remaining 11 sera precipi-
tated the SSB/La associated RNA species, including the 5S
RNA and tRNA precursors, as well as the hYl-hY5 species,
emphasizing the predominance of the anti SSB/La antigen
response in these sera. Of particular interest, the only set of
RNA species uniformly precipitated by all of the mothers of
NLE children was the hYl-hY5 system.

HLA typing. In agreement with previously published im-
munogenetic studies (28), there was a high frequency of the
DR3 phenotype in mothers of offspring with NLE (Table I).
Eight of nine affected mothers evaluated in this study were

DR3. However, DR3 was found with all patterns of antibody
response, including the presence of detectable antibodies to
SSB/La. Six of these eight DR3-positive women had antibod-
ies to the 52-kD SSA/Ro antigen. The one DR3-negative indi-
vidual, L, had antibodies to the 52-kD antigen. In mothers of
unaffected offspring, 12 of 25 were DR3. Of these 12, 5 had
antibodies to the 52-kD antigen. In this group, there were three
mothers who had antibodies to the 52-kD protein but were

not DR3.

Discussion

In this study, we initiated the definition of the antibody re-

sponse to molecularly characterized components of the SSA/
Ro-SSB/La system in mothers of infants with CCHB and other
permanent manifestations of NLE. The central finding is that
all individuals have antibodies to one or more components of
the SSA/Ro-SSB/La system, identified by immunoblotting,
but that no antibody to a single antigen detectable by these
methods is uniformly demonstrable. As has been emphasized
by other workers (2-4), antibodies to the SSA/Ro particle are

commonly encountered. Here, surprisingly, antibodies to the
well-characterized 60-kD SSA/Ro polypeptide, although pres-

ent, were not significantly increased in frequency over that in a
control group ofmothers who had SLE or SS without evidence
of fetal heart block. In contrast, antibodies to the newly recog-
nized 52-kD SSA/Ro polypeptide were significantly increased
in the NLE group (75 vs. 32%, P < 0.01), emphasizing that the
immune response to these two components, as detectable by

-Y 3

Y 4

-Y 5

-tRNA

A

FigureS5. Immunoprecipitation of [32P]orthophosphate-labeled K562
cell extract by sera from 13 mothers of offspring with CCHB. RNA
was extracted from the immunoprecipitate by phenol, precipitated
with ethanol, and analyzed on a 7-M urea, 7% polyacrylamide gel.
Lane 1 is a precipitate from the serum of a healthy pregnant donor.
The letters under the lanes again correspond to the serum of affected
mothers exactly as assigned in Table I and the preceding figures.
Lanes 2-6 (K, D, N, J, E) and lanes 9-15 (B, G, M, F, A, L) demon-
strate the RNA's precipitated by sera containing anti-48-kD antibod-
ies either alone or in combination with anti-52- or 60-kD antibodies.
Lanes 7 and 8 (Q and P) demonstrate the RNAs precipitated by sera
containing both anti-60-kD and anti-52-kD antibodies. Lane 14
demonstrates the RNA's precipitated by a pregnant lupus patient
who subsequently gave birth to a healthy offspring. Note that al-
though this serum brings down the spectrum of RNAs associated
with the SSA/Ro particle, by immunoblotting, it detects a species
migrating slightly> 52 kD but clearly <60 kD. For data presenta-
tion, this control serum was coded as reacting with the 52-kD spe-
cies. The designation of Y RNAs is based on the data of Hendrick et
al. (32).

immunoblotting, is dissociable with antibodies to the smaller
SSA/Ro peptide of greater significance for this disease entity.
Of note, the percentage of patients with antibodies to the
52-kD antigen encountered in the non-NLE group (29 of 31
had SLE) was similar to the recently reported frequency of
43% in a group of SLE patients (29).

A significant point that emerged from this analysis is that
antibodies to the 48-kD SSB/La antigen and its 43-kD degra-
dation product were both found in the highest prevalence and
were the antibody species most strongly associated with NLE,
providing an odds ratio of 20.5. The individuals without de-
tectable antibodies either to 52- or 60-kD SSA/Ro antigens
each had very high levels of antibodies that reacted with the
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SSB/La polypeptides. Moreover, the combination of antibod-
ies demonstrable to both the 48-kD SSB/La polypeptide and
the 52-kD SSA/Ro polypeptide, but not to the 60-kD SSA/Ro
species, was most strongly associated with the occurrence of
NLE, odds ratio 35. The results of the 32P-RNA immunopre-
cipitated by the antibodies paralleled the specificities of the
peptides identified by immunoblotting with the interesting ex-
ception ofa band with apparent mass oftRNA in serum P that
does not react detectably with the 48-kD La peptide. Of inter-
est, the hYl-5 species were found in the precipitates of all NLE
sera studied, suggesting that perhaps a polypeptide associated
with these RNA species could have a special relationship to the
pathogenesis of NLE.

Support for the possible importance of the particle con-
taining the 48-kD SSB/La peptide as directly relevant to the
pathogenesis ofNLE came from analysis of fetal cardiac tissue
that had abundant 48-kD SSB/La peptide demonstrable. In
addition, the 52-kD SSA/Ro species was readily evident, al-
though at lower levels, while still smaller quantities of the
60-kD peptide were found. A similar pattern of peptide abun-
dance was seen in several other cell lines. Nevertheless, the
detectability of certain peptides varied according to the source
of the cells. Particular attention had to be directed to develop-
ing analytic electrophoretic conditions that reliably separated
the 48-kD La protein and the 52-kD Ro protein. The antigen
unrelatedness of these species is demonstrated in Fig. 3 using a
preparation in which one serum reacts with the intact 52-kD
component while another serum reacts only with the lower
molecular weight SSB/La degradation components. In the
course of this work we found that the detection method that
used 125I-Protein A was distinctly superior to those methods
using an alkaline phosphatase-based system involving anti-
human Ig antibodies. In particular, fetal cardiac extracts
yielded a band, tentatively identified as actin, which partially
overlapped and often interfered with the detection of the
52-kD protein when rabbit or goat anti-human IgG antibodies
were used (data not shown). This interference was not en-
countered with radiolabeled Protein A. Particular attention to
the washing steps was also necessary to achieve a low overall
background.

Although this study did not address the interrelationship of
the 52- and 60-kD SSA/Ro polypeptides, it provides further
support for their operational independence by demonstrating
maternal sera with separate specificities for the 52-kD compo-
nent. Additionally, earlier studies demonstrated the lack of
cross-reactivity between antibodies affinity purified from each
protein as well as the lack ofcommon protease-resistant frag-
ments in the partial proteolysis of the proteins (12). Although
evidence mounts concerning how the 52-kD SSA/Ro antigen
differs from the 60-kD antigen, in their native state both of
these polypeptides appear to exist as a complex with hYl-hY5
molecules. Furthermore, although none of the affected
mothers had antibodies exclusively reactive against the 52-kD
antigen, previous work has shown that the small RNA species
precipitated by anti-52-kD antibodies are identical to that pre-
cipitated by antibodies to the 60-kD alone (12). In the two
NLE mothers with reactivity against both SSA/Ro compo-
nents, the precipitated RNA species were the expected hYl-
hY5 associated with SSA/Ro. Of interest it is possible that the
52-kD SSA/Ro species was recognized but not identified in a
report stating monospecific anti-Ro sera recognized a 50-kD
protein on immunoblotting, considered to be SSB/La but
which did not precipitate the expected SSB/La associated

RNAs (9). In retrospect, these sera may have identified the
52-kD SSA/Ro peptide component.

Although the central point of this study was to analyze the
specificity of the autoantibodies in mothers of infants with
NLE using resolving methods that permit identification of the
autoantigens, at least in terms of apparent mass, the results
have some relevance to the general area of testing antibodies to
SSA/Ro-SSB/La by ELISA and double diffusion methods.
Pending the cloning and expression of all the peptides of the
SSA/Ro-SSB/La particle that will provide a definitive answer
to issues of sensitivity and specificity of antibody detectability
and antigen definition, each currently available method has
advantages and disadvantages. In principle, for example, as a
screening test, the specificity of immunoblotting can be offset
by a lack of sensitivity, especially for epitopes altered by dena-
turation and a bias to high affinity antibodies. In contrast, the
sensitivity of ELISA methods may be circumscribed by the
presence of minute quantities ofcontaminating antigen. It was
of interest to encounter several sera that reacted with purified
bovine SSA/Ro by ELISA but that did not yield demonstrable
52- or 60-kD bands with the immunoblotting procedure. One
interpretation of the former observation is that certain epi-
topes on SSA/Ro peptides might be altered by denaturation. In
support of this is the finding by Ben-Chetrit et al. that 6 of 42
sera containing antibodies to SSA/Ro demonstrable in double
diffusion analysis were not reactive in immunoblotting (12). In
contrast, the specificities of the NLE sera appear distinctive in
that they are predominantly directed to epitopes on SSA/Ro-
SSB/La peptides that resist the denaturing effect of SDS, elec-
trophoresis, and transfer. Reciprocally, some evidence suggests
that sera containing abundantly detectable antibodies to the
52-kD SSA/Ro peptide using a human antigen preparation did
not react with the partially purified bovine SSA/Ro antigen
preparation. With respect to the latter observation, the varia-
tions in reactivity in ELISA systems that result from species-
related differences in structure of the SSA/Ro particle have
been the subject of detailed study (30).

The biologic relevance of antibodies demonstrable with
immunoblot techniques to the intracellular 48-, 52-, and
60-kD antigens in the pathogenesis ofNLE remains unknown.
Although the presence of antibodies reactive in this technique
appears to be a characteristic of these patients, the antibodies
are not in themselves sufficient for the development of the
syndrome. Indeed, these antibodies could be only clinically
useful markers of the production of antibodies to an unrelated
but conformationally equivalent membrane structure. Alter-
natively, as previously suggested (31), translocation of a com-
ponent of intracellular SSA/Ro to the cell surface may be a
critical element. However, that the common feature of each
NLE mother is the production of antibodies to some, and
often different, elements of the SSA/Ro-SSB/La particle as-
sembly directs attention both to the regulation of the produc-
tion of these autoantibodies and to the cell biology of this
particle assembly and its possible unique function during the
stage of cardiac development when the fetus, but not the
mother, is at risk for this syndrome.
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