
Autoantibody-associated congenital heart block (CHB) is 

a passively acquired autoimmune condition in which 

maternal autoantibodies are thought to initiate conduc-

tion disturbances in the developing fetal heart. Hallmarks 

of autoantibody-associated CHB are the presence of 

immune complex deposits, infl ammation, calcifi cation, 

and fi brosis in the fetal heart and a block in signal 

conduction at the atrioventricular (AV) node in an 

otherwise structurally normal heart. Clinical signs most 

commonly develop during weeks 18 to 24 of pregnancy. 

Although autoantibody-associated CHB may initially be 

detected as a fi rst- or second-degree AV block, most of 

the aff ected pregnancies will present with fetal brady-

cardia in third-degree (complete) AV block, and ventricular 

rates typically are between 50 and 70 beats per minute. A 

complete AV block is a potentially lethal condition 

associated with signifi cant morbidity, and the majority of 

aff ected children require permanent pace maker implan-

tation [1-3].

Whereas complete AV block is the major manifestation 

of autoantibody-associated CHB, other cardiac abnor-

mali ties are increasingly being recognized. Transient 

fi rst-degree AV block has been shown to occur in up to 

30% of fetuses of mothers with anti-SSA/Ro 52-kDa 

antibodies [4]. Th e presence of sinus bradycardia [5-7] 

and prolongation of the QTc interval [8,9] have also been 

reported; however, these fi ndings were not replicated in 

another recent study [10]. Endocardial fi broelastosis and 

cardiomyopathy have been reported in both the presence 

and absence of conduction abnormalities and are asso-

ciated with a poor prognosis [11-14].

Since the initial observation that sera of mothers of 

children with CHB contain anti-SSA/Ro antibodies, the 

association between maternal autoantibodies and CHB 
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has been extensively studied. Most of the current know-

ledge comes from the comparative analysis of sera of 

women with aff ected or healthy infants, and additional 

information has been generated through the use of 

animal models. Nevertheless, the pathogenic molecular 

mechanisms of autoantibody-associated CHB remain 

unclear. Because the risk for CHB in an anti-SSA/Ro-

positive pregnancy is only 1% to 2% [5,15], the need for a 

better marker not only for pregnancies at risk but also for 

the identifi cation of other risk factors infl uencing the 

development of CHB is still important. Th is review will 

give a broad perspective of the maternal antibodies that 

have been associated with CHB and then will focus on 

the antibody specifi cities that have been more specifi cally 

implicated in the pathogenesis of the disease through in 

vitro and in vivo studies. Th e current hypotheses for 

autoantibody-associated CHB development will be 

discussed with an emphasis on the potential molecular 

targets for maternal antibodies in the fetal heart before 

mentioning other risk factors that have recently come to 

light.

Congenital heart block and 

autoantibody-associated heart block

Before a review of the evidence implicating maternal 

antibodies in the pathogenesis of CHB, it may be neces-

sary to defi ne more precisely the patient population 

discussed in this review. Heart block developing during 

fetal life is most commonly associated with either con-

genital malformations or the presence of autoanti bodies 

in the mother. More rarely, CHB may occur following 

viral infection or drug treatment or be diagnosed without 

any identifi able cause. In the last case, it is of course 

possible that the mother carries autoantibodies but at a 

level too low for detection. Heart block may also develop 

during infancy or early childhood, and to distinguish true 

CHB cases from these later-onset heart block cases, a 

new defi nition for CHB has been proposed; according to 

this defi nition, heart block is considered congenital if 

diagnosed in utero or during the fi rst 27 days of life [16]. 

Th is review focuses on autoantibody-associated heart 

block, which develops in the fetal heart in the absence of 

any major structural malformation and in the presence of 

maternal autoantibodies. Autoantibody-associated heart 

block has been found to fulfi ll the criteria for CHB in the 

vast majority of cases in two independent studies [17,18]. 

For readability purposes, we will refer to autoantibody-

associated heart block as CHB in the rest of the review.

Maternal autoantibodies associated with heart block

Anti-Ro/SSA and -La/SSB autoantibodies

Since the early ’80s, it has been known that the develop-

ment of CHB is closely associated with the presence of 

maternal autoantibodies that are most commonly found 

in the rheumatic autoimmune diseases Sjögren’s syn-

drome (SS) and systemic lupus erythematosus (SLE) 

[19,20]. However, CHB appears to be more specifi cally 

linked to the presence of maternal anti-Ro/SSA and anti-

La/SSB autoantibodies rather than to maternal diagnosis, 

as the mother of an aff ected child may be asymptomatic 

[2,21,22]. In the late ’80s and early ’90s, the Ro/SSA 

autoantigen was shown to consist of two unrelated 

proteins, Ro52 and Ro60 [23,24], and subsequent studies 

of CHB association with maternal antibodies have sought 

to determine the serum profi le of mothers of aff ected 

children in regard to the three components Ro52, Ro60, 

and La. Although the data vary among the diff erent 

studies (depending on the method used for antibody 

detection, the enrolment criteria for pregnancies, and the 

defi nition of CHB), most of the attempts demonstrate 

that anti-Ro, and especially anti-Ro52, antibodies are 

present in a high proportion of mothers of children with 

CHB [25-28]. Th is fi nding was further confi rmed recently 

in a population-based study in Sweden, where the serum 

of 95% and 63% of autoantibody-positive women who 

had a child with heart block displayed reactivity toward 

the Ro52 and Ro60 proteins, respectively [29].

As anti-Ro60 antibodies are most often found together 

with anti-Ro52 antibodies, it is diffi  cult to assess the 

individual contribution of the former to the development 

of CHB. In addition, most studies still rely on clinical 

assays that do not distinguish between Ro52 and Ro60 to 

investigate the presence of anti-Ro antibodies in maternal 

sera. In the study by Salomonsson and colleagues [29], 

anti-Ro60 antibodies were found in 63% of autoantibody-

positive mothers of children with CHB; however, these 

antibodies were present in the absence of anti-Ro52 

antibodies in only 3% of mothers of children with CHB.

In contrast to the association of anti-Ro antibodies to 

CHB, the association of anti-La antibodies to CHB is still 

a matter of debate. In two studies, the levels of anti-La 

antibodies in mothers of children with cutaneous 

neonatal lupus erythematosus were found to be higher 

than in women giving birth to a child with CHB [30,31]. 

However, another study suggested that the risk for CHB 

was increased in the presence of anti-La antibodies [32]. 

Th e current consensus is that antibodies to Ro60 and La 

may contribute to the infl ammatory reaction that leads to 

AV block but that CHB may develop in their absence.

Other autoantibodies

Given the low risk for fetal heart block in an anti-Ro-

positive pregnancy, the presence of maternal antibodies 

targeting antigens other than Ro/SSA and La/SSB and 

potentially associating with CHB has been suggested. A 

few candidates have been investigated; however, such 

studies remain few and often do not involve enough cases 

to demonstrate a reliable association between the presence 
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of antibodies and pregnancy outcome. Antibodies to 

calreticulin, a protein involved in calcium storage, have 

been found more frequently in sera from mothers of 

children with CHB than in sera from mothers of healthy 

children [33]. Antibodies recognizing the M1 muscarinic 

acetycholine receptor have also been associated with the 

development of CHB, and in vitro studies suggest a 

functional role for these antibodies through binding to 

and interfering with the function of their target in the 

neonatal myocardium [34,35]. Th e presence of antibodies 

to calreticulin and to the M1 muscarinic acetycholine 

receptor, however, has not been investigated in other 

larger cohorts, and the relevance of the in vitro fi ndings 

in heart block pathogenesis remains uncertain. Anti-

bodies recognizing a cleavage product of α-fodrin have 

been proposed as an additional serological marker for 

CHB [36]; however, these antibodies are often found in 

patients with SS [37], a condition in which anti-Ro anti-

bodies are also often prevalent, raising the possibility that 

the association of anti-α-fodrin antibodies with CHB 

refl ects only the close relation between CHB and anti-Ro 

antibodies. Th e reactivity of sera from mothers of 

children with CHB to the α-enolase protein was recently 

evaluated following a report of cross-reactivity of specifi c 

anti-Ro52 antibodies to this protein [38]. However, only a 

small proportion of CHB sera were positive, indicating 

that these antibodies may represent only a subset of 

mothers at risk [39]. Similarly, reactivity to the α1D 

calcium channel subunit and to the serotoninergic 

5-hydroxytryptamine (5-HT
4
) receptor was found in sera 

from mothers of children with CHB; however, such 

reactivity was limited to about 14% and 16% of the tested 

mothers, respectively [40,41].

Fine specifi city of anti-Ro52 antibodies associated with 

congenital heart block

Th e close correlation between maternal anti-Ro52 anti-

bodies and CHB, added to the fact that only 1% to 2% of 

children born to anti-Ro-positive women develop heart 

block, has prompted a search for a specifi c profi le that is 

within the pool of maternal anti-Ro52 antibodies and 

that would be a better marker for pregnancies at risk. In a 

study by Fritsch and colleagues [27], antibodies toward 

the Ro52 peptides comprising amino acids (aa) 107 to 

122 and 277 to 292 were found at a higher frequency in 

mothers of children with CHB in comparison with 

mothers of healthy children; however, this was true only 

for mothers with SLE but not for asymptomatic mothers 

or those with SS. Th is suggests that the specifi cities 

identifi ed in this study may correspond to only a small 

and defi ned group of mothers at risk, as asymptomatic 

women or women with SS actually represent a much 

larger proportion of CHB pregnancies [2]. Elevated levels 

of antibodies toward additional Ro52 peptides (aa 1 to 13 

and aa 365 to 382) were also reported in the same study 

in SLE mothers during the risk period for CHB (18 to 30 

weeks of pregnancy).

Dominant epitopes within the central part of the Ro52 

protein have been described in the context of SLE and SS 

[42,43], and epitope mapping using overlapping peptides 

covering this region revealed a signifi cant association of 

maternal antibodies toward aa 200 to 239 of Ro52 

(denoted p200) and the risk for CHB [26,44]. In a pros-

pective study of anti-Ro52-positive women during weeks 

18 to 24 of pregnancy, maternal antibodies to Ro52/p200 

were shown to correlate to longer AV time intervals in 

fetuses [45]. In addition, serum reactivity to the p200 

peptide was found in 60% (53 out of 88) of anti-Ro52-

positive women who had given birth to a child with CHB 

in a Swedish cohort of CHB families [29]. It is possible 

that the presence of anti-p200 antibodies, even at low 

levels, is important in the initiation of AV conduction 

disturbances, as is suggested by studies in animal models 

(discussed below).

Although at present there is no unique antibody profi le 

characterizing the mothers of children with CHB, anti-

Ro52 antibodies seem to remain the maternal autoanti-

bodies that correlate the most to CHB development. 

However, given the low penetrance of the condition in 

anti-Ro-positive pregnancies, it is possible that not only 

the presence or fi ne specifi city but also the levels of 

maternal anti-Ro52 antibodies are of importance in 

predicting fetal outcome. Th is was suggested in a study 

by Salomonsson and colleagues [26] and was supported 

by the recent fi ndings of Jaeggi and colleagues [31], who 

found that cardiac conduction disturbances are asso-

ciated with moderate to high levels of anti-Ro antibodies 

but not with low levels in a large cohort of children born 

to anti-Ro-positive mothers.

Clues to congenital heart block pathogenic 

mechanisms from experimental models

Direct evidence for a pathogenic role of maternal anti-

Ro/La antibodies and especially anti-Ro52 antibodies in 

CHB comes from experimental studies of heart block, 

both in vitro and in vivo. Th e presence of anti-Ro 

antibodies in the cardiac tissue of fetuses dying of CHB, 

together with deposition of complement, fi brosis, and 

calcifi cation, was demonstrated over 20 years ago by 

several groups [46-48], providing the fi rst link between 

maternal antibodies and pathogenesis of heart block by 

placing the antibodies at the site of injury. Of note, 

antibodies, complement, and signs of fi brosis and calcifi -

cation were observed not only at the AV node but also in 

the entire myocardium, suggesting the potential involve-

ment of maternal autoantibodies in other cardiac 

manifestations of CHB, such as sinus bradycardia, cardio-

myo pathy, and QTc prolongation.
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In vitro studies performed in the late ’90s and based on 

rat or human hearts isolated with the Langendorff  

technique demonstrated a direct pathogenic role of 

antibodies from mothers of children with CHB, as 

perfusion of hearts with maternal IgG containing anti-Ro 

and anti-La antibodies induced bradycardia and complete 

AV block within 15 minutes [49,50]. Affi  nity-purifi ed 

anti-Ro52 antibodies induced the same eff ects, showing 

the individual pathogenic potential of anti-Ro52 anti-

bodies. Similar results were obtained in Langendorff -

perfused rabbit hearts exposed to anti-Ro/La antibodies 

purifi ed from mothers of children with CHB [51,52]. 

Evidence for the pathogenicity of anti-Ro/La antibodies 

in vivo has been gathered from animal models based on 

passive transfer of antibodies or active immunization of 

females before gestation (Table 1) and is reviewed below.

Immunization-based models of congenital heart block

Active models of CHB, in which female rats, mice, or 

rabbits are immunized with a particular antigen before 

gestation, make it possible to investigate the pathogenic 

potential of antibodies toward Ro52, Ro60, or La 

separately. Miranda-Carus and colleagues [53] showed 

that immunization of BALB/c mice with Ro60 or La led 

to the development of fi rst-degree AV block in 19% and 

7% of the off spring, respectively, and similar results were 

observed in C3H/HEJ mice by Suzuki and colleagues 

[54]. In the study by Miranda-Carus [53], immunization 

of BALB/c mice with the human or mouse Ro52 protein 

induced fi rst-degree AV block in only 9% of the off spring, 

whereas Boutjdir and colleagues [50] demonstrated a 

25% incidence in the same model. Both studies reported 

higher degrees of AV block but at a lower frequency (3.5% 

to 10% of AV block II/III). Immunization of rats with the 

human Ro52 protein led to the development of fi rst-degree 

AV block in 10% to 45% of the pups, depending on the 

strain [55]. Immunization of rabbits with the human Ro52 

protein also induced fi rst-degree AV block in 12% of the 

off spring, and the authors reported a large number of 

neonatal deaths, which might have been related to higher-

degree blocks; however, no histological evaluation of neo-

natal hearts was performed to support this hypothesis [56].

In an attempt to narrow the specifi city of the anti-Ro52 

antibodies inducing heart block in vivo, Salomonsson 

and colleagues [45] immunized DA (Dark Agouti) rats 

with the Ro52/p200 peptide and observed a 19% 

incidence of fi rst-degree AV block in the off spring. 

Immunization of mice with a recombinant Ro52β protein 

(Ro52 isoform lacking exon 4) induced fi rst-degree AV 

block in 12% and AV block II/III in about 6% of the pups 

[53]; however, the relevance of these fi ndings is uncertain 

as the endogenous protein has never been detected in 

humans or rodents, despite a report of Ro52β mRNA 

expression in the fetal human heart [57].

Antibody transfer-based models of congenital heart block

Often, animal models of autoimmune diseases are based 

on immunization with a specifi c antigen (for example, 

experimental autoimmune encephalomyelitis for multiple 

sclerosis or collagen-induced arthritis). However, these 

models present an inherent variability as they rely on the 

immune response of each immunized animal. Many 

factors, such as genetic diff erences, age, or mode of immu-

ni zation, may infl uence the outcome. In the context of 

CHB, these limitations are all the more relevant consider-

ing that induction of disease depends on the antibody 

response elicited in the mother and that maternal major 

histo com patibility complex (MHC) has been shown to be 

of importance in the generation of pathogenic antibodies 

in CHB [55]. Th erefore, the use of models in which anti-

bodies are injected directly into the female during gesta-

tion provides an advantage in that the specifi city and 

amount of antibodies transferred in the mother are known.

In a study by Mazel and colleagues [58], transfer of 

affi  nity-purifi ed anti-Ro/La antibodies from two mothers 

of children with CHB into pregnant female BALB/c mice 

induced fi rst-degree AV block in 47% to 90% of the 

off spring, depending on the day of gestation at which the 

injection was performed. Sinus bradycardia was also 

observed, albeit in a somewhat smaller proportion of 

pups. However, the use of a mixture of anti-Ro and anti-

La antibodies in this study did not allow the precise 

identifi cation of the antibody specifi city contributing to 

the development of heart block. To address this issue, we 

have established a heart block model based on the 

transfer of anti-Ro52 monoclonal antibodies during 

gestation. Using this model, we observed that anti-Ro52 

antibodies specifi c for the p200 part of the protein 

induced AV block in the off spring but that antibodies 

targeting other domains of Ro52 did not [59]. In addition, 

anti-Ro52 p200 antibodies were shown to disturb calcium 

homeostasis in cultured neonatal cardiomyocytes, sup-

port ing a pathogenic role for anti-Ro52 p200 antibodies 

in CHB. It is worth noting that fi rst-degree AV block 

developed in 100% of the rat pups exposed to the anti-

p200 monoclonal antibodies in utero but that only 19% of 

pups born to females immunized with the Ro52/p200 

peptide were shown to develop AV block in a previous 

study. Th ese results highlight the reproducibility of a 

passive transfer model compared with the use of immuni-

zation to induce CHB. Of note, the low penetrance of the 

condition and the lack of induction of complete AV block 

in animal models indicate that, as is the case of humans, 

other factors are required to allow the establishment of 

complete CHB.

Targets of maternal antibodies in the fetal heart

Despite the observation of a direct role for maternal 

antibodies in inducing AV block both in vitro and in vivo, 
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the mechanisms at play remain unclear. Th e intracellular 

localization of the Ro52, Ro60, and La proteins, which are 

the major targets of maternal autoantibodies associated 

with heart block, has proven to be a stumbling block in 

the elucidation of the molecular mechanisms leading to 

CHB. How can the antibodies exert a pathogenic eff ect if 

their target antigens are not within their reach? Two 

schools of thought, not mutually exclusive and each 

supported by experimental data, have emerged: the 

‘apoptosis hypothesis’ and the ‘cross-reactivity hypothesis’.

The apoptosis hypothesis

Th e apoptosis hypothesis postulates that maternal 

antibodies gain access to their target antigen when it is 

exposed on the surface of apoptotic cells. Th e presence of 

Ro60 and La has indeed been reported on apoptotic 

cardiac myocytes [60]. Ro52 has also been detected on 

the surface of apoptotic but not live cardiac cells in one 

study, although only one out of the fi ve anti-Ro52 

monoclonal antibodies tested bound apoptotic cells and 

did so to a lesser extent than did anti-Ro60 and anti-La 

antibodies [61]. Programmed cell death is a physiological 

process that is part of the development and remodeling 

of organs. Under physiological conditions, apoptotic 

debris is removed without eliciting an infl ammatory 

reaction. However, it is possible to envision a scenario in 

which maternal antibodies, entering the fetal circulation 

and binding to their target antigens on the surface of 

apoptotic cells, divert the removal of this debris from a 

normal non-infl ammatory pathway toward its engulf-

ment by macrophages through opsonization. Subsequent 

activation of the phagocytic cells may lead to production 

of pro-infl ammatory and pro-fi brotic cytokines, recruit-

ment of leukocytes and complement components, and 

Table 1. Comparison of the success of antibodies to Ro52, Ro60, or La at inducing heart block in experimental models

  Proportion of AVB,  AVB II/III, 
Inducing factor Species (strain) percentagea percentagea Reference

Antibody transfer during gestation (specifi city/antigen)

Ro52 and Ro60 Mouse (BALB/c) 47-100 0 Mazel, et al. [58] (1998) 

Ro52/p200 (aa 200-239) Rat (DA) 100 0 Ambrosi, et al. [59] (2012)

Ro52/N- or C-terminal Rat (DA) 0 0

Immunization before gestation (specifi city/antigen)

Ro52 Mouse (BALB/c) 25 10 Boutjdir, et al. [50] (1997)

Ro52 Mouse (BALB/c) 9 3.6 Miranda-Carus, et al. [53] (1998)

Ro52 Rabbit (New Zealand) 9 0.7 Xiao, et al. [56] (2001)

   (20% pups

   born dead)

Ro52 Rat (DA) 45 0 Strandberg, et al. [55] (2010)

 Rat (LEW) 10 0 

 Rat (PVG) 44 0 

Ro52β Mouse (BALB/c) 12 6 Miranda-Carus, et al. [53] (1998)

Ro52 (mouse) Mouse (BALB/c) 9 0 

Ro52 (aa 365-382) Mouse (BALB/c) 0 0 Eftekhari, et al. [64] (2001)

Ro52 (aa 366-379) Mouse (BALB/c) 0 0 

Ro52/p200 (aa 200-239) Rat (DA) 19 0 Salomonsson, et al. [45] (2005)

Ro60 Mouse (BALB/c) 19 0 Miranda-Carus, et al. [53] (1998)

Ro60b Mouse (C3H/HEJ) 14 0 Suzuki, et al. [54] (2005)

La Mouse (BALB/c) 7 0 Miranda-Carus, et al. [53] (1998)

Lab Mouse (C3H/HEJ) 7 0 Suzuki, et al. [54] (2005)

Ro52, Ro60, and La Mouse (FBV Cav1.2 non-transgenic  28 5.5 Karnabi, et al. [68] (2011)

 littermates)

 Mouse (FBV Cav1.2 transgenic) 9 1.1 

 Mouse (C57BL/6 Cav1.3+/+) 18 3 

 Mouse (C57BL/6 Cav1.3−/−) 100 44 

aAtrioventricular block (AVB) determined by neonatal electrocardiogram recording. bThe authors report the presence of anti-Ro or anti-La antibodies in the serum of 
mice immunized with La or Ro60, respectively. aa, amino acids; DA, Dark Agouti.
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establishment of an infl ammatory reaction that will 

eventually irreversibly damage the targeted tissue [48,62].

The cross-reactivity hypothesis

Th e apoptosis hypothesis cannot explain the rapid electro-

physiological eff ects of maternal anti-Ro/La antibodies 

on Langendorff -perfused hearts or the specifi city of the 

reaction in targeting the AV node, which remains the 

major and most common site of disturbances in CHB. 

Th erefore, the cross-reactivity hypothesis suggests that 

maternal anti-Ro/La antibodies, or at least a subset of 

these, bind to cardiac membrane proteins involved in the 

control of electric signal generation or conduction or 

both, interfering with their function.

Involvement of maternal anti-Ro52 antibodies cross-

reacting with the serotoninergic 5-HT
4
 receptor was 

suggested following the fi nding by Eftekhari and colleagues 

that antibodies to the Ro52 peptide 365 to 382 recognized 

residues 165 to 185 of the cardiac 5-HT
4
 receptor [63] 

and that affi  nity-purifi ed 5-HT
4
 antibodies could antago-

nize the serotonin-induced calcium channel activation in 

atrial cells [64]. However, mouse pups born to females 

immunized with Ro52 peptides that had been selected on 

the basis of recognition by anti-5-HT
4
 antibodies did not 

develop any sign of AV block or other cardiac dysfunction 

[64].

Boutjdir and colleagues have demonstrated that IgG 

purifi ed from mothers of children with CHB inhibit L-

type and T-type calcium currents in ventricular myocytes 

as well as in sino-atrial node cells and exogenous expres-

sion systems [49,56,65-67]. Experimental data supporting 

a possible cross-reactivity of maternal anti-Ro/La antib-

odies with the α
1C

 and α
1D

 calcium channel subunits have 

been provided by the same group [66,67]. A chronic 

eff ect of maternal antibodies on the fetal heart has been 

proposed to be mediated by binding of antibodies to 

calcium channels and subsequent internalization and 

degradation, leading to not only ineffi  cient signal conduc-

tion but also insuffi  cient excitation-contraction coupling 

and reduction of cardiac contrac tile function [56]. In 

support of this hypothesis, mouse pups transgenic for the 

L-type calcium channel subunit Cav1.2 were found to 

develop AV block and sinus brady cardia at a lower 

frequency than non-transgenic litter mates following in 

utero exposure to anti-Ro/La anti bodies in an immuni-

zation model [68]. In addition, mouse pups in which the 

Cav1.3 subunit of the L-type calcium channel has been 

genetically knocked out exhibit fi rst-degree AV block, 

albeit at a low frequency, and the occurrence of AV block 

is increased following immuniza tion of females with the 

Ro and La protein before gestation [68]. Although this 

study does not prove that maternal anti-Ro/La antibodies 

directly cross-react with subunits of the L-type calcium 

channel, it certainly supports the hypothesis that 

maternal autoantibodies exert their pathogenic eff ects at 

least in part by aff ecting calcium homeostasis in the heart 

and disrupting the cardiac electric and contractile 

functions. Recent data generated by us provide additional 

evidence for such a pathogenic role of maternal 

autoantibodies. Using a passive transfer model of CHB, 

in which monoclonal antibodies are injected into 

pregnant rat females, we observed that only antibodies 

specifi c for the p200 domain of Ro52 induced heart block 

in the off spring but that antibodies targeting other 

domains of Ro52 did not [59]. Th e same p200-specifi c 

antibodies dysregulated calcium oscillations of sponta-

neously beating cardiomyo cytes in culture. Together, 

these data support the hypo thesis that maternal anti-

Ro52 antibodies may cross-react with a cardiac molecule 

involved in calcium regula tion in the heart and thus 

initiate cardiac conduction disturbances, detected as a 

fi rst-degree AV block. It is possible that prolonged 

disrup tion of cardiac calcium homeostasis leads to 

increased apoptosis in the fetal heart [45], is then accom-

panied by exposure of the intracellular Ro and La 

proteins, which allows the establishment and amplifi  ca-

tion of an infl ammatory reaction as described in the 

apoptosis hypothesis, leading to irrever sible damage and 

complete CHB (Figure 1).

Maternal and fetal factors in congenital heart 

block development

Th e risk for CHB in an anti-Ro-positive pregnancy is 1% 

to 2%, and a reported recurrence rate of 12% to 20% 

[1,17,22,69], despite persisting maternal antibodies, 

indicates that additional factors (maternal or fetal or 

both) are critical for the establishment of heart block 

(Figure 2).

Genetic polymorphisms infl uencing fetal susceptibility 

to CHB in anti-Ro/La-positive pregnancies were fi rst 

investigated in a group of 40 children with CHB by using 

a candidate gene approach, focusing on two known poly-

morphisms of the genes encoding the pro-infl ammatory 

and pro-fi brotic cytokines tumor necrosis factor-alpha 

(TNFα) and transforming growth factor-beta (TGFβ). 

Th e TGFβ polymorphism assessed was found signifi -

cantly more frequently in children with CHB than in 

their unaff ected siblings, whereas the TNFα polymor-

phism studied was found at an increased frequency in 

both aff ected and non-aff ected children in comparison 

with healthy controls [70]. Th ese fi ndings, however, have 

not yet been replicated in a large group of CHB cases. 

More recently, Clancy and colleagues [71] performed a 

genome-wide association study of individuals who have 

CHB and who were born to anti-Ro/La-positive mothers. 

Th e authors reported a signifi cant association with 

polymorphisms in the HLA region and at the location 

21q22. Although these data need to be replicated in 
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another cohort, they may provide clues for the design of 

functional studies addressing the pathogenic mechanisms 

of CHB and the role of the identifi ed SNPs in suscep-

tibility to CHB. However, one should be careful in the 

interpretation of the observed genetic associations from 

the case control studies, as these are performed by com-

paring CHB cases with healthy controls from the general 

population. Th erefore, the associations may refl ect simply 

the genetic bias present in the mothers, who may have 

SLE or SS or, even if asymptomatic, are genetically and 

immunologically distinct from the general population in 

terms of MHC haplotype and autoantibodies to the Ro/

La autoantigens.

Given the rarity of CHB in the general population, 

studies of genetic infl uences in the human disease are 

diffi  cult and may not be powerful enough to identify rare 

variants associated with the condition. Th erefore, animal 

models may provide another source of information, an 

approach used by Strandberg and colleagues [55], who 

recently demonstrated an infl uence of both maternal and 

fetal MHC genes in the development of CHB. Using 

congenic rat strains and a Ro52 immunization model of 

heart block, the authors showed that generation of 

pathogenic anti-Ro52 antibodies is restricted by maternal 

MHC and that the fetal MHC locus regulates suscep-

tibility and determines the fetal disease outcome in anti-

Ro52-positive pregnancies [55].

Maternal and fetal factors other than genetic diff er-

ences have also been suggested to contribute to the 

develop ment of heart block. Although neither fetal 

gender nor maternal disease severity has been associated 

with CHB [22,28], it has been proposed that maternal age 

Figure 1. A two-phase model for the development of congenital heart block. Maternal autoantibodies are transferred to the fetus via the 

placenta during pregnancy. In a fi rst step, anti-Ro52 antibodies may cross-react to a fetal cardiac molecule involved in calcium regulation and 

initiate cardiac conduction disturbances, detected as fi rst-degree atrioventricular (AV) block (1). Prolonged disruption of calcium homeostasis 

may result in increased apoptosis in the fetal heart and subsequent exposure of the Ro and La autoantigens to circulating maternal anti-Ro/La 

antibodies (2). Engulfment of opsonized apoptotic debris by macrophages (3) may then lead to production of pro-infl ammatory and pro-fi brotic 

cytokines, which, together with antibody deposits and recruitment of complement components, will generate a sustained infl ammatory reaction in 

the fetal heart, eventually leading to permanent damage and complete AV block.

antibody deposition 
opsonization 

first-degree AV block 
( ally transient) 

calcium dysregulation 
apoptosis 

2) anti-Ro/la antibodies bind 
to apoptotic cells 
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establishment of an inflammatory reaction 
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second/third-degree AV block permanent damage to 
the fetal heart 
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may have an infl uence on the outcome of anti-Ro52-

positive pregnancies [72]. As the number of cases 

included in the latter study was too small to distinguish 

between possible eff ects of maternal age and parity, we 

have now addressed this issue in a larger cohort. 

Analyzing risk factors for the development of heart block 

in a population-based study, we found that the risk for 

CHB increased with maternal age but was not infl uenced 

by parity [17]. Although this fi nding raises the possibility 

that age-related risk factors associated with pregnancy 

complications contribute to the risk of CHB, it is also 

possible that the increasing risk for heart block with 

increasing maternal age refl ects the appearance or 

increased serum levels of anti-Ro/La autoantibodies in 

women over time. Interestingly, we also found that the 

seasonal timing of the pregnancy infl uenced the outcome, 

and we found an increased proportion of aff ected 

pregnancies among all pregnancies for which the 

susceptibility weeks (18 to 24 weeks of pregnancy) took 

place during the late winter season in Sweden. Whereas 

an association between the winter season, decreased sun 

exposure, and vitamin D levels comes readily to mind, 

other events linked to the winter season, such as viral 

infections, may also infl uence the development of heart 

block. Indeed, maternal infections occurring during 

pregnancy have been suggested to play a role in CHB, 

and a recent report by Tsang and colleagues [73] 

described cell surface exposure of the Ro antigen in fetal 

cardiomyocytes following cytomegalovirus infection.

Conclusions

Th e association of fetal/neonatal CHB with maternal 

anti-Ro/La antibodies is well established. Currently, 

however, no solid evidence regarding the pathogenesis of 

heart block explains the diff erent modes of cardiac 

involvement and the relatively low risk for development 

of CHB in an antibody-positive pregnancy. Cross-

reactivity of maternal antibodies with fetal cardiac 

molecules regulating calcium-dependent functions in the 

heart may initiate conduction disturbances and cell 

death. Improper clearance of apoptotic debris through 

their opsonization by maternal antibodies and 

subsequent removal by macrophages may lead to a 

sustained infl ammation in the fetal heart, eventually 

damaging the developing organ irreversibly. Emerging 

evidence implicating genetic polymorphisms and 

maternal factors such as age or infections in the risk for 

CHB occurrence may in time give clues about why only a 

small proportion of children of mothers with anti-Ro/La 

Figure 2. Maternal and fetal risk factors in congenital heart block (CHB). Environmental and genetic factors that have been implicated in 

the development of CHB to date are depicted. Whereas maternal major histocompatibility complex (MHC) genes infl uence the generation of 

autoantibodies, fetal genes infl uence the susceptibility of the fetal heart to the pathogenic eff ects of maternal antibodies. Both the age of the 

mother and the winter season at the time of pregnancy have recently been linked to CHB. It is possible that an increased risk for CHB with increased 

maternal age corresponds to the appearance of pathogenic autoantibodies. Further studies are needed to elucidate how other factors linked to 

age, as well as possible events linked to the winter season, may infl uence the risk for CHB. Low levels of vitamin D and increased rates of infection 

have been suggested as potential risk factors that account for the risk association with the winter season. AV, atrioventricular; TGFβ, transforming 

growth factor-beta.
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antibodies develop CHB. Meanwhile, in the hope of 

developing eff ective therapies to prevent or treat CHB or 

both, eff orts should aim at identifying better serological 

markers for pregnancies at risk and unraveling further 

the molecular mechanisms leading to CHB.
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