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ABSTRACT
Neonatal lupus erythematosus (NLE) is an auto-immune disease related to systemic lupus erythematosus
(SLE). Unlike SLE it is not a spontaneous syndrome but rather an acquired one. In NLE the most common
disease manifestations are a transient cutaneous lesion and cardiac conduction disturbances. The cutaneous
lesions and other non-cardiac manifestations of NLE are transient and disappear about six months after birth,
atthe time when maternal antibodies disappear from the neonatal circulation. This fact suggests that maternal
antibodies may cross the placenta leading to an inflamatory reaction in the fetal tissues. NLE is the principal
cause of atria-ventricular block, when itis not associated with congenital birth defects. All the clinical studies
to date correlate the heart block in NLE with the presence of certain types of circulating maternal antibodies,
against the Ro/SSA nuclear proteins, in the serum of the newborn. In this paper we discuss animal models
that have been developed by our and others groups to study the participation of the anti-Ro/SSA antibodies
in the pathogenesis of the cardiac conduction blockades that occur in NLE.

Key words: neonatal lupus, auto-immunity, heart blockade, anti-Ro/SSA antibodies.
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tal and infectious agents are immediate triggers ofuto-antibodies against antigens spread out through-
disease. In the infectious process auto-immunityout the body can be observed, and tissue damage
is not due to the infectious agent itself, but ratheris disseminated. In these systemic syndromes, the
to the immune response activated or deregulated bguto-immune disfunctions may involve skin, kid-
this agent. Hormonal factors may be responsibleneys, joints and muscles.
for the difference in the frequency of autoimmune Systemic lupus erythematosus (SLE) is an ex-
syndrome occurrence between men and women; faample of spontaneous systemic auto-immune syn-
example, the lupus erythematosus syndrome is muctirome. SLE is the most studied systemic syndrome.
more frequent in woman. It is a inflamatory syndrome which results from an
The auto-immune process is the result of theimmunologic disturbance that may lead to or be due
loss of balance between the maintenance ofo the activation of policlonal B cells, that induce
immunological defense and the supression of dethe production of a large number of auto-antibodies.
structive self-reactivity. Most human auto-immune Abnormalities in T cells and in the antigen-
diseases are complex, involving a number of antipresenting cells have also been observed in patients
gens of the target tissue. This may be owed to epiwith disease in activity. Until now it is not clear
tope spreading or to the presence of antibodies to # the tissue lesions are due to T cells that infiltrate
number of unrelated, organ specific antigens (Ros¢he organ or to the auto-antibodies in the serum. As
et al. 1996). Based on adoptive transfer studies inmentioned before there is a prevalence of this syn-
experimental animals there is a strong evidence thadrome in women (10:1 women for man). In SLE
T-cell mediated immunity is very important in the there is an involvement of multiple organs (kidneys,
pathogenesis of many auto-immune diseases ( Katzeart and nervous system), and cutaneous lesions
et al. 1995), although these studies can not totallyand joint pain are common. Alterations in cardiac
exclude the role of antibodies in the development ofelectrogenesis are very rare in adults with LES (Bi-
these syndromes (Rose & Hill 1996). lazarianet al. 1989) but there is an association be-
The mechanism responsible for the pathogenetween anti-phospholipids antibodies and heart valve
sis of auto-immune syndromes is the production ofdisease in SLE (Khamashtgal. 1990). Complete
a large number of auto-antibodies and auto-reactivéeart block (CHB) is a rare complication of SLE in
T cells. The auto-immune syndromes can be classiadults, in contrast to neonatal lupus, in which CHB
fied as spontaneous or induced, systemic or orgaris a frequent disease manifestation; no more than 10
specific. When an exogenous stimulus triggers theases of CHB in SLE have been reported up to date.
auto-immune process the syndrome is induced, as
can be observed in rheumatic fever, a pathological
process observed after Streptococcus infection. An
example of spontaneous syndrome is lupus erytheNeonatal lupus erythematosus (NLE) is another
matosus. In this syndrome and in other connecauto-immune disease related to SLE. Unlike SLE it
tive tissue related diseases there is no evidence fds not a spontaneous syndrome but rather an acquired
the role of etiologic agents in the development ofone. In NLE the most common disease manifes-
the disease. The auto-immune diseases classified &stions are a transient cutaneous lesion and cardiac
organ-specific are characterized by the involvementonduction disturbances. The cutaneous lesions and
of only one organ and the auto-antibodies or auto-other non-cardiac manifestations of NLE are tran-
reactive T cells react against organ-specific anti-sient and disappear about six months after birth, at
gens. Hashimoto’s thyroiditis and Diabetes mel-the time when maternal antibodies disappear from
litus are examples of organ-specific auto-immunethe neonatal circulation. This fact suggests that ma-
syndromes. In the systemic auto-immune diseasegrnal antibodies may cross the placenta leading to
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an inflamatory reaction in the fetal tissues. The fac-of these antibodies with the fetal heart and its con-
tors determining whether babies will develop heartduction system ( Leetal. 1987). Bear in mind that
block, skin disease, or both, are not yet known.  the antibodies reach the fetal circulation viatranspla-
NLE is the principal cause of total atria- cental transport and that it is the maternal antibod-
ventricular block, when itis not associated with con-ies that react with the fetal tissue. Interestingly, al-
genital birth defects. Some children may develop ahough the mother is the source of the antibodies
partial or total atria-ventricular block during fetal that induce the clinical manifestations characteris-
life or in the neonatal period (Sontheimer & Mc- tic of NLE, adults with SLE rarely suffer the car-
Cauliffe 1990). In general this manifestation is irre- diac conduction blockades seen in NLE. In a well
versible, and may be lead to death. All the clinical studied case Mevoraaht al. (1993) described an
studies to date show that the heart block in NLE isadult patient with SLE whose major symptons were
associated with the presence of certain types of cirCHB and seizures. The association between those
culating maternal antibodies, against nuclear proalterations and an auto-antibody mediated mecha-
teins, in the serum of the newborn. In essentiallynism came from the presence of anti-Ro/SSA and
all cases of NLE associated CHB, auto-antibodiesanti-La/SSB auto-antibodies in the serum and cere-
to the Ro/SSA protein complex are present. Thebrospinal fluid of this patient.
Ro particles are ribonucleoproteins which are com- Isolated complete heart block occurs in about
posed of at least two polypeptides, one with 52kD1 out of 20.000 births (Michaelsson & Engle 1972).
and another with 60kD, both of them associated withMany studies have shown that anti-Ro/SSA auto-
small RNAs in the nucleus (Mamulket al. 1987, antibodies are the largest single risk factor for the
Ben Chetritet al. 1988). There is no homology be- development of CHB in the neonate, in spite of the
tween the amino-acid sequences of these two promaternal disease status (Watsbial. 1984). CHB
teins, and they have distinct antigenic regions. Anti-is generally detected between 18-24 weeks of gesta-
bodies are directed to the 60-kD Ro/SSA and the 52tion (Buyonetal. 1998), and may be associated with
kD Ro/SSA proteins, although there is a prevalentmyocarditis. Although anti-Ro/SSA and/or anti-
reaction against the 52- kD Ro/SSA in serologicalLa/SSB antibodies are present in more than 98%
analyses of mothers of children having NLE (Buyon of the mothers of NLE associated CHB patients,
et al. 1993). The 52kD polypeptide is alterna- the reported risk of having a child with CHB for
tively spliced, yielding an isoform that lacks amino- anti-Ro/SSA positive mothers is only 5% (Smeenk
acids 169-245 of the full-length protein (Cheral.  1997). Meilofet al. (1993) have suggested that the
1995). Although their function is not yet known, presence ofthese auto-antibodies are notthe only de-
both the 60 and the 52 kD Ro have zinc finger mo-terminant factor to predict the occurrence of CHB.
tifs capable of binding DNA and regulating gene Indeed, the role of anti-Ro/SSA and/or anti-La/SSB
expression (Chaet al. 1991, Itohet al. 1991). in CHBis notclear. It has been suggested that these
The anti-La/SSB is another auto-antibody found inantibodies react with their corresponding antigens
the serum of mothers and affected children. The Laon the surface of the cells of the conduction system
protein is composed by a polypeptide of 47 to 50in the heart (Horsfalet al. 1991). Although anti-
kD (Habetset al. 1983) and is associated to 7S, 5S Ro/SSA antibodies have been eluted from affected
and tRNAs (Lerner & Steitz 1979, Rinke & Steitz fetal cardiac tissue (Reichlgtal. 1994), there is no
1982, Chamberst al. 1988). The La protein has reason to expect the expression of the Ro/SSA pro-
been described as a transcription termination factotein, a nucleoprotein, in the surface membrane ofthe
of RNA polymerase Il (Gottlieb & Steitz 1989). cardiac cells. In that regard it is interesting to note
The pathogenesis of CHB in NLE is attributed that Mirandaet al. (1998) have shown that apoptotic
to aninflammatory process induced by the reactivityhuman fetal cardiomyocytes express Ro and La anti-
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gens in the surface. Even though apoptotic cells ddo further characterize the cellular mechanisms in-
not evoke inflamatory reactions the authors specuvolved in the conduction disturbances in the whole
late that maternal antibody binding to the antigenshearts, experiments with ventricular myocytes iso-
expressed at the surface of the apoptotic cells mighiated from young rabbit hearts studied by whole cell
trigger leukocyte migration and cytokine liberation, patch-clamp technique were performed. In these
characterizing a pro-inflamatory response that coulégxperiments we observed a mean reduction of 32%
affect the healthy cardiomyocytes surrounding thein the peak slow inward current, essentially a L-
apoptotic ones. Another possibility for the tissue le-type calcium current, when the cells were superfused
sions induced by the maternal antibodies is a croswith anti-Ro/SSA positive IgGs. The results in iso-
reaction between the auto-antibodies to Ro and Laated ventricular myocytes correlated well with the
and a non-related protein expressed on the surfacgbservations at the whole heart level, since the con-
of the cardiac cells. Bellow we present evidence induction in the A-V node is basically dependent on
favor of this hypothesis. calcium electrogenesis. Our results were later con-
firmed by Boutjdiret al. (1997) using whole hearts
and cardiac myocytes derived from human fetuses.
We also investigated the ability of affinity pu-
Researchers have attempted to create experimentéfied anti-52 kD Ro/SSA antibodies from patients
models of neonatal lupus in order to study the rolewithout obstetric history of neonatal lupus to cause
of the auto-antibodies in altering cardiac electroge-heart block in our rabbit heart model (Viaeaal.
nesis. Based on clinical data that indicate an associt998). Affinity purified antibodies were obtained
ation between CHB in neonates and the presence dfom two sera previously known to induced A-V
anti-Ro/SSA antibodies in the serum of the affectedblock by affinity chromatography using a column
babies, Alexandeet al. (1992) tested the effect of containing the full-length 52 kD Ro/SSA fusion pro-
serum positive for these antibodies in pappilary mus+ein. Paired eluate and effluent, devoid of anti-52
cles of rabbit hearts. They demonstrated that supekD activity, from the same patient were individually
fusion of newborn rabbit ventricular pappilary mus- perfused in whole hearts. The ability to cause A-V
cles with IgG-enriched fractions from anti-Ro/SSA block was restricted to the affinity purified anti-52
positive sera induces a reduction in action potenkD eluates. In addition, three affinity purified anti-
tial duration. They further reported that the effect 52 kD eluates from three IgG fractions that primarily
was only present in the 1gG enriched fraction from failed to induced cardiac conduction block remained
these sera, that hearts from adult rabbits were uniheffective. The two sera that induced conduction
affected by the anti-Ro/SSA- positive sera, and thablockade in these experiments were obtained from
sera from lupus patients with other antibody profilesmothers with healthy infants. In contrast to our rab-
did not alter action potential duration in newborn bit model, Boutjdiret al. (1997) could only see AV
rabbit hearts. conduction block or reduction in calcium currents in
We showed for the first time that the presence ofthe human fetal hearts when using anti-52 kD affin-
anti-Ro/SSA or anti-Ro/SSA and anti-La/SSB anti- ity purified antibodies from mothers who had chil-
body activity in IgG fractions from lupus patients’ dren with CHB. The reasons for this discrepancy are
sera can induce cardiac conduction disorders simaot immediately obvious, but we speculate that the
ilar to those observed in neonatal lupus (Gaetia target protein(s) at the cell membrane may not be
al. 1994). Using isolated adult rabbit hearts, we 100% homologous in fetal human and adult rabbit
demonstrated that these IgG fractions induced dishearts. The challenge now is to unravel the iden-
turbances in the conduction of the cardiac impulsdity of the antigen recognized at the surface of the
similar to those observed in neonatal lupus in vivo.cardiomyocytes. The obvious candidate, the L-type
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calcium channel, has no sequence homology withALEXANDER E, BuYoN JP, PRovosT TT & GUARNIERI T

the Ro protein. 1992. Anti-Ro/SS-A antibodies in the pathophysiol-
Curiously, the animal model mentioned above 09y of congenital heart block in neonatal lupus syn-
reproduces the variability seén vivo; i.e., only a drome, an experimental modéfrthritis and Rheum
35: 176-189.

small percentage of the 52 kD positive mothers have
children with CHB. This is also true for another ex- Ben-CHETRIT E, CHAN EKL, SULLIVAN KF & TAN EM
perimental model now used in the search for the  1988. A 52 kDa protein is a novel component of the
pathological mechanisms underlying the neonatal ~ SS-A/Ro antigenis particleJ Exp Med 167: 1560-
lupus syndrome; the immunization of mice withre- 1571
combinantRo and Laproteins. Only afraction ofthe gy szarian SD, TayLOR AT, BREZINSKI D, HOCHBERG
pups born from Ro and/or La positive mice exhibited MC, GUARNIERI T & Provost TT 1989. High-grade
CHB. Actually the first report of CHB in mice to ap- atrioventricular heart block in an adult with systemic
pear in the literature used the monoclonal anti-DNA lupus erythematosus: the association of nuclear RNP
idiotype 16/6 to immunize Balb/c females (Kalush (U1 RNP)antibodies, a case report, and review of the
etal. 1994). The antibody profile in the immunized ~ literature.Arthritis Rheum 32: 1170-1174.
females was very complex, including antibodies re-Bourtipir M, CHEN L, ZHANG Z, TSENG C, D1 DONATOF,
active not only to the Ro and La proteins but also  Rasanaum W, Morris A, EL-SHERIF N & Buyon
to 16/6 Id, single and double stranded DNA, Sm, JP 1997. Arrythmogenicity of IgG and anti-52-kD
RNP and cardiolipin, making the interpretation of SSA/Ro affinity-purified antibodies from mothers of
the results very difficult. Immunization of Balb/c children with congenital heart blockCirc Res 80:
females with recombinant La, 60kD Ro and the 354-362.
two isoforms of the 52 kD Ro, also resulted in var- Buyon JP, WincuEsTER RJ, SLADE SG, ARNETT F,
ious degrees of AV conduction blockade in the CopEL J, FRIEDMAN D & LocksHIN MD 1993.
pups (Mirandaet al. 1998). Unfortunately, even Identification of mothers at risk for congenital heart
in this case, antibody production is not restricted to ~ block and other neonatal lupus syndromes in their
the injected recombinant protein, since auto-antigen ~ chidren.Arthritis Rheum 36: 1263-1273.
spreading seems to be a rather common finding withByyon JP, HieerT R, CoPEL J, CRAFT J, FRIEDMAN
these proteins (Deshmuldhal. 1999, Farrist al. D, KatHoLt M, LEE LA, ProvosT TT, REICHLIN
1999, Masoret al. 1999). Nonetheless, the occur- M, RIDDER L, RUPEL A, SALEEB S, WESTON W &
rence of CHB in animal models renders this syn- ~ SkovroN ML 1998. Autoimmune-associated con-
drome much more amenable to study, and we an- genital heart block: demographics, mortality, mor-
ticipate that major progress in unraveling the phys- bity and recurrence rates obtained from a national
iopathology of this disease will be achieved in fore- neonatal lupus registrji Am Coll Cardiol 31 1658-
coming years. 1666.
CHAMBERS JC, KENAN D, MARTINS BJ & KEENE JD
1988. Genomic structure and amino acid sequence
ACKNOWLEDGMENTS domains of the human La autoantigeFhe Journal

This work was supported by grants from the Na- of Biological Chemistry 263(34): 18043-18051.

tional Research Council (CNPq), CAPES, FINEP, Cuan EKL, HaMmEL JC, Buvon JP & TaNn EM 1991.

FAPERJ, The March of Dimes for Birth Defects and Molecular definition and sequences motifs of the 52-
FUJB. kD component of human SS-A/Ro autoantiged.
Clin Invest 87: 68-76.

CHAN EKL, DiDoNnaATO F, HAMEL JC, TsENG CE &
REFERENCES

An. Acad. Bras. Ci., (2000)72 (1)



NEONATAL LUPUS SYNDROME 88

Buyon JP 1995. 52-kD SS-A/Ro: genomic struc- KaLusH F, RimoN E, KELLER A & Mozgs E 1994,

ture and identification of an alternatively spliced tran- Neonatal lupus erythematosus in offspring of moth-
script encoding a novel leucinne zipper minus au- ers with experimental systemic lupus erythematosus.
toantigen expressed in fetal and adult hearExp J Clin Immunol 14: 314-322.

Med 182: 983-992.
Katz SJ, BENoIsT C & MaTHIs D 1995. T helper cell

DesHMUKH US, LEWIS, JE, GASKIN F, KANNAPELL CC, subsets in insulin-dependent diabet&sience 268:
WartEeRrs ST, Lou YH, TunG KS & Fu SM 1999. Im- 1185-1188.
mune responses to Ro60 and its peptides in mice. |.
. KHAMASHTA MA, CERVERA R, ASHERSON RA, FONT J,
The nature of the immunogen and endogenous au-
toantigen determine the specificities of the induced

autoantibodiesJ Exp Med 189(3): 531-540.

GIL A, CoLTART DJ, VAzZQUEZ JJ, PARE C, INGELMO
M, OLIVER J & HuGHEs GRV 1990. Association
of antibodies against phospholipids with heart valve
Farris AD, BrRowN L, REYNOLDS P, HARLEY JB, disease in systemic lupus erythematodine Lancet
JaMES JA, ScoriELD RH, McCLUSKEY J & GOR- 335: 1541-1544.
poN TP 1999. Induction of autoimmunity by
multivalent immunodominant and subdominant T
cell determinants of La (SS-B).Immunol 162(5):
3079-3087.

LEE LA, CoULTER S, ERNER S & CHU H 1987. Cardiac
immunoglobulin deposition in complete congenital
heart block associated with maternal anti-Ro autoan-
tibodies.AM J Med 83: 793-796.

GARCIA S, NasciIMENTO JHM, BoNFA E, LEvy R,
OLIVEIRA SF, TAVARES AV & CAMPOS DE CARVALHO
AC 1994. Cellular Mechanism of the conduction
abnormalities induced by serum from anti-Ro/SSA-
positive patients in rabbit heartsl Clin Invest 93:
718-724. MamuLa MJ, Fox OF, YAMAGATA H & HARLEY JB 1987.

The Ro/SSA autoantigen as an immunogen: some

anti-Ro/SSA binds IgGJ Exp Med 86: 1889-1901.

LERNER MR & STEITZ JA 1979. Antibodies to small
nuclear RNAs complexed with proteins are produced
by patients with systemic lupus erythematoseioc
Natl Acad Sci USA 76(11): 5495-5499.

GorTLIEB E & STEITZ JA 1989. Function of the mam-
malian La protein: evidence for its action in tran-
scription termination by RNA polymeraseMBO J MasonN LJ, TimotHY LM, ISENBERG DA & KaLst JK
8: 851-861. 1999. Immunization with a peptide of Sm B/B’ re-

sultsin limited epitope spreading but not autoimmune

H s WJ, Brok JH, BoerBoOMS AMT, .
ABET DEN BROK PRBOOM VAN DE diseaseJ Immunol 162(9): 5099-5105.

PutrTE LBA & vaN VENrRrROU WJ 1983. Charac-
terization of the SS-B (La) antigen in adenovirus- MEILOF JF, FROHN-MULDER IME, STEWART PA, SzZAT-
infected and uninfected Hela cellEMBO J 2(10): MARI A, HEss J & VELDHOVEN CHA 1993. Maternal
1625-1631. autoantibodies and congenital heart block: no evi-
dence for the existence of a unique heart block asso-
ciated anti-Ro/SSA auto-antibody profileupus 2:
239-246.

HERBERT WJ, WILKINSON PC & StoTT DI 1995. The
Dictionary of immunology. Academic Press Medi-
tion.

MEVORACH D, Raz E, SHALEV O, STEINER I & BEN-
CHETRIT E 1993. Complete heart block and seizures
in an adult with systemic lupus erythematosus.
Arthritis and Rheumatism 36(2): 259-262.

HorsFALL AC, VENABLES PJW, TAYLOR PV & MAINI
RN 1991. Ro and La antigens and maternal anti-
La idiotype on the surface of myocardial fibres in
congenital heart block] Autoimmunity 4: 165-176.

MICHAELSSON M & ENGLE MA 1972. Congenital com-
plete heart block: an international study of natural
history. Cardiovasc Clin North Am 4: 85-101.

Iton K, ITon Y & FRANK MB 1991. Protein heterogene-
ity in the human Ro/SSA ribonucleoproteins. The
52 and 60-kD Ro/SSA autoantigen are encoded by
separated genes.Clin Invest 87: 177-186. MIRANDA ME, CHUN-E TSENG, RasHBAUM W, OcHS RL,

An. Acad. Bras. Ci., (2000)72 (1)



NEONATAL LUPUS SYNDROME 89

CasiaNo CA, DiDoNATo F, CHAN EKL & Buyon JP
1998. Accassibility of SSA/Ro and SSB/La antigens

to maternal autoantibodies in apoptotic human fetal

cardiac myocytesThe Journal of Immunology 161:
5061-5069.

REICHLIN M, BRucATO A, FRANK MB & MADDISON PJ

1994. Concentrations of autoantibodies to native . .
SuDHIR P 1999. Autoimmune Reactions. Humana Press,

60 kD Ro/SSA and 52 kD Ro/SSA in eluates from
the heart of a chid who died with congenital heart
block. Arthritis Rheum 37: 1698-1703.

RINKE J & StEITZ JA 1982. Precursor molecules of
both human 5s ribosomal RNA and transfer RNAs
are bound by a cellular protein reactive with anti-La
lupus antibodiesCell 29: 149-159

Rose NR & HiLr SL 1996. The pathogenesis of postin-
fectious myocarditis.Clin Immunol Immunopathol
80: S92-S99.

Rose NR, SKELTON FR, KiTE JH JR & WITEBSKY E 1996.
Experimental thyroiditis in the rhesus monkey. Il
Course of the diseas€lin Exp Immunol 1: 171-188.

SMEENK RT 1997. Immunological aspects of congenital

atrioventricular block Pace 20: 2093-2097.

SoNTHEIMER RD & McCauLirre DP 1990. Pathogen-

esis of anti-Ro/SSA autoantibody-associated cuta-
neous lupus erythematosu®ermatologic Clinics
8(4): 751-758.

1999.

VIANA VST, GArcIA S, NasciMENTO JHM, ELKON KB,

BroT N, Campos DE CArRVALHO AC & BonFA E
1998. Induction of in vitro heart block is not re-
stricted to affinity purified anti-52 kDa Ro/SSA anti-
body from mothers of children with neonatal lupus.
Lupus 7: 141-147.

‘WaTsON RM, LANE AT, BARNET NK, Bias WB, ARNETT

FC & Provost TT 1984. Neonatal lupus syndrome:
aclinical, serological and immunogenetic study with
revew of literature.Medicine (Baltimore) 63: 362-
368.

An. Acad. Bras. Ci., (2000)72 (1)



