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Full expression of congenital heart block (CHB), a pathologic readout of autoimmunity in
pregnancy with significant morbidity and mortality rates, represents the sum of preclinical
intrauterine variables and a morbid triggering event. While exposure to maternal anti-SSA/
Ro and anti-SSB/La antibodies likely represents the trigger of disease, characterization of
variables involved in generating a vulnerable fetal heart remains elusive. In this issue of
Arthritis & Rheumatism, Reed et al (1) describe a novel interaction between a major
candidate target of the maternal immune response in CHB, the 60-kd component of SSA/Ro
(Ro 60), and β2-glycoprotein I (β2GPI), another autoantigen generally thought of in the
context of increased thrombophilia (2). This novel interaction generates the hypothesis that a
specific biochemical form of Ro 60 may be an important risk variable that is silenced by a
putative protective pathway involving β2GPI. Review of the molecular structure and
function of Ro 60, its translocation to the surface of apoptotic cells, and its subsequent role
in physiologic clearance provides the contextual framework for placing an emphasis on
β2GPI in the pathogenesis of CHB.

In the last decade, there have been several advances in understanding the structure and
function of Ro 60. Ro 60 exists in an intracellular as well as in a surface-exposed form.
Regarding the former, Ro 60 was found to play the role of central quality control clearing
house for misfolded noncoding RNA (3). The structure of the complexed (to RNA) crystal
form was solved (4). Ro 60 consists of 2 domains. One is a large α-helical HEAT repeat that
forms a ring with a central hole. Adjacent to it is the other domain, a von Willebrand factor
A domain. In addition, structural and biochemical analyses have begun to address how Ro
recognizes its RNA substrates. There is an extensive platform within the α-helical HEAT
repeat that binds to hYRNA (a polymerase III transcript) with a stoichiometry of Ro
60:RNA of 1:2. Moreover, the RNA binding site displays a plasticity which includes native
and denatured pre5S ribosomal RNA (5). Ro is capable of binding several other noncoding
RNAs that contain a 3′ single-stranded extension (a single-stranded 3′ end of >5
nucleotides, which is a feature of many noncoding RNAs). Furthermore, this interaction
between Ro 60 and RNA may provide protection during times of cellular stress.
Specifically, Ro 60 is important for the survival of mammalian cells after ultraviolet
irradiation (6).

Ro 60 is dramatically altered during apoptosis into a distinct apoptotic form (Figure 1).
During apoptosis, Ro 60 is surface translocated (7,8). Following translocation to the
apoptotic cell membrane, Ro 60 undergoes a conformational change, with exposure of a
neoepitope (referred to as an apotope). The mechanism of anchorage to the cell membrane
may involve the utilization of “cryptic” transcellular domains located within the von
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Willebrand domains and/or an interaction with the chaperone protein calreticulin. Among
the SSA/Ro and SSB/La antigens, Ro 60 appears to be the sole component of “early”
apoptotic structures, while both antigens, including the Ro 52 component, are present on
“late” apoptotic cells (9).

It was recently shown in an in vitro coculturing system that human fetal cardiac myocytes
participate in physiologic clearance of apoptotic cardiocytes but that clearance is inhibited
by opsonization via maternal autoantibodies (10). Specifically, anti–Ro 60 IgG block the
uptake of apoptotic cardiocytes by live cardiocytes, suggesting that this autoantigen may
also function as a natural ligand for apoptotic cell clearance. Diversion of opsonized
apoptotic cardiocytes to Fcγ receptor–mediated uptake by macrophages may then herald
ligation of intracellular Toll-like receptors as they engage the newly delivered single-
stranded RNA via a classic immune complex. There is strong evidence that clearance of
dying cells is defective, as highlighted by immunohistologic findings in available cardiac
sections obtained from several patients with CHB and/or myocarditis with varying degrees
of disease (11).

Beta2-glycoprotein I is a 65-kd protein composed of 5 protein modules termed domain I
through domain V (12). In addition to limiting coagulation and promoting fibrinolysis,
another physiologic role of β2GPI may be to serve as an “opsonin” for promoting the
clearance of apoptotic cells. Specifically, β2GPI has been shown to bind via domain V to
phosphatidylserine exposed on the apoptotic cell surface and to simultaneously bind via
domain I to low-density lipoprotein receptor–related protein on phagocytes.

In the context of Ro 60 as a critical component of a pathologic immune complex on the
surface of fetal cardiocytes, the findings of Reed et al (1) may open a new avenue of
research in CHB. The authors provide solid experimental evidence that β2GPI binds to an
exposed region of Ro 60 on apoptotic cells and thereby masks the Ro 60 apotope. Using an
in vitro reconstitution assay to measure the formation of heterodimers, it was demonstrated
that a domain of Ro 60 (recombinant Ro 60 amino acids 82–244) binds to immobilized
β2GPI and that this interaction is restricted to domain V. Late apoptotic Jurkat cells were
bound by β2GPI, an interaction that was inhibited by coincubation of fluid-phase Ro 60,
which inhibited the binding of β2GPI to the surface of apoptotic cells in a dose-dependent
manner. These findings are consistent with the hypothesis that the Ro 60 autoantigen
functions as a receptor for extracellular β2 GPI following translocation to the surface of
apoptotic cells.

That Ro 60 is a newly described receptor for β2 GPI on an apoptotic cell surface raises
several implications with regard to current thinking on the pathogenesis of CHB. Perhaps
β2GPI represents one fetal variable that protects against antibody-triggered injury by
blocking a Ro 60 apotope on cardiocytes undergoing physiologic cell death during
embryogenesis and fetal remodeling. Prevention of immune complex formation would
attenuate the downstream sequelae that yield inflammation and fibrosis.

Beta2-glycoprotein I can be likened to a finger pressed into a hole in a levee. Holding back
destructive river waters, it staves off the tide of full-scale inflammation and fibrosis. How
long can this “levee” hold? Moreover, any condition effectively lowering available levels of
β2GPI would constitute a risk factor. Transplacentally derived maternal anti-β2GPI
antibodies might reduce available levels of β2GPI. However, anti-β2GPI antibodies
predominantly bind domain I (13) and not domain V, rendering this possibility less likely.
Perhaps one important genetic fetal factor relates to gene mutations in β2GPI that alter
binding to apoptotic cells. Additional issues, such as levee weakening or forceful river
waters, which would be represented in our analogy by pathologic antibodies and noncoding
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RNAs, respectively, may prevent β2GPI from saving the town. The recruitment of additional
pathogenic antibodies, such as anti-La and anti–Ro 52, may occur, as evidenced by
immunohistologic findings in autopsy specimens, which show extensive apoptosis, implying
onset of “late” apoptotic bodies. Also, a high demand for quality control of misfolded
noncoding RNAs in fetal tissue or an environmental factor (hypoxia) may push the RNA
binding to Ro 60 as well as its contribution to disease via Toll-like receptors to a maximum.
Further research on β2GPI to evaluate its impact on the binding of anti–Ro 60 antibodies
and its cognate antigen is clearly indicated.
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Figure 1.
Novel role of β2-glycoprotein I (β2GPI) to protect against congenital heart block. The
intracellular role of Ro 60 includes the binding of hYRNA (a polymerase III transcript) as
well as many other noncoding RNAs (viable cell) (left). At the induction of apoptosis, Ro 60
and its bound RNA translocates to a surface site (early apoptotic cell) (center). The
translocation of La 48 does not occur until later (late apoptotic cell) (right). β2GPI may exert
beneficial effects, including its actions to promote the clearance of early apoptotic cells as
well as to block the formation of late apoptotic cells.
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