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Abstract

The specificities of autoantibodies directed against the ace-
tylcholine receptor (AChR) for embryonic and adult muscle
AChRwere studied in 22 mothers with myasthenia gravis
(MG) and in their newborns using human fetus and normal
adult muscle AChRpreparations. 12 mothers had transmit-
ted MGto their neonates with, in three cases, antenatal
injury. A clear correlation was found between occurrence
of neonatal MG(NMG) and the high overall level of anti-
AChRantibodies (embryonic or adult muscle AChR). How-
ever, a strong correlation was also found between occur-
rence of NMGand the ratio of anti-embryonic AChR to
anti-adult muscle (Te/Ta) AChRantibodies (P < 0.0002).
Taken together, these data suggest that autoantibodies di-
rected against the embryonic form of the AChRcould play
a predominant role in the pathogenesis of NMG.Paradoxi-
cally, the three cases with antenatal injury presumably the
most severe form of NMG, were not associated with high
Te/Ta. At the clinical level, these observations could prove
helpful in the prediction of transmission of NMG. (J. Clin.
Invest. 1994. 94:555-559.) Key words: autoantibody - anti-
gen * autoimmunity * pathogenesis * pregnancy

Introduction

Transient neonatal myasthenia gravis (NMG)' occurs in - 20%
of infants born to mothers with myasthenia gravis (MG). Symp-
toms usually appear within hours after birth and disappear after
2-3 wk except in rare cases with prolonged duration of symp-
toms. The severity of NMGis highly variable, ranging from
mild hypotonia to respiratory distress requiring assisted me-
chanical ventilation. Antenatal onset leading to multiple joint
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contractures, hydramnios, and decreased fetal movements is
rare. The disease severity is not correlated to the clinical status
of the mother (1, 2).

The occurrence of NMGis assumed to be related to the
transplacental transfer of maternal antibodies directed against
the nicotinic acetylcholine receptor (AChR). The pathogenic
role of anti-AChR antibodies in the pathogenesis of MGis
supported by several lines of evidence. (a) The transmission
of a myasthenic syndrome in animals after passive transfer ei-
ther of anti-AChR antibodies in MGpatient sera or of anti-
AChRmonoclonal antibodies; or (b) The induction of experi-
mental MGafter immunization against AChR. However, it is
not yet clear why some newborns develop NMGwhile others
remain asymptomatic, despite the presence of serum anti-AChR
antibodies (2-8). As observed in our previous study including
52 babies (24 presenting NMG), the onset of NMGis clearly
correlated to high levels of maternal anti-AChR antibodies (2,
8), confirming earlier reports (3, 4) but contradicting other
studies (5-6). At any rate, there are exceptions to the correla-
tion, with unaffected babies showing high titers of AChRanti-
bodies. In addition there was no clear correlation between the
titers of various subsets of anti-AChR antibodies (blocking or
modulating) and the clinical status of neonates (8, 9).

The nicotinic AChRis a pentameric glycoprotein complex
composed of four different membrane-spanning subunits in a
stoichiometry of a2f( y or e) 6 (10, 11 ). Two forms of AChR
are found in mammalian skeletal muscle cells. The mature form
is predominant in innervated adult muscle and the embryonic
form is present in fetal and denervated muscle. Embryonic and
mature AChRdiffer by the replacement of the y subunit by its
isoform, the e subunit specifying the mature AChR subtype
(12-14). It has been demonstrated using rat and mouse AChR
that sera from MGpatients react more strongly with the recep-
tors of fetus and denervated muscle than with those of normal
adult muscle (15-18). However, the binding of MGsera to rat
or mouse AChR is generally poor because of the high species
specificity of MGantibodies (18), and limited data have been
obtained using human fetal AChRpreparations ( 19). No study
of NMGsera using embryonic AChRhas been reported so far
except one from our own laboratory using rat AChR (8).

The aim of this study was to investigate the reactivity of
sera from myasthenic mothers and from their neonates with both
embryonic and adult AChR looking for a possible correlation
between antibody specificity and the presence and severity
of NMG.

Methods

Patient sera. 46 sera from mothers with MGand their newborns were
obtained from blood collected at delivery and from the umbilical cord
at birth or from peripheral veins shortly thereafter. Samples were frozen
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Table I. Clinical Data of Mothers and Their Newborns

Case No. Severity grade* Thymectomyt Age at onset Duration of disease NMG§ Duration of NMG

yr yr

1 IIA X 22 1 3 X
2 HA T 27 5 2 10 d
3 IIA X 24 2 2 5 d
4 In remission T 20 8 1(2) 2 d
5 IIA X X X 4 1 mo
6 IIA T 12 11 3 5 wk
7 IIA T 24 1 4 21 d
8 IIB 0 22 4 2 >1 mo
9 IIA 0 35 2 2(3) 5 d

10 HA X 16 19 4 + AI I yr
11 Asymptomatic 0 ? ? 4 + AI 35 d
12 IIB X 12 9 3(AI)? 14 d
13 IIB 0 15 11 0 0
14 IIB 0 26 1 0 0
15 IIA T 25 7 0 0
1611 HB T 23 2(4) 0-0 0-0
17 IIA T 19 14 0 0
18 In remission T 16 19 0 0
19 HJA X X X 0 0
20 HA 0 21 3 0 0
21 IIA X 18 10 0 0
22 I 0 38 1 0 0
23 IIB T 22 2 0? 0

* Grading according to Osserman's classification.
tThymectomy: T, yes; 0, no; X, unknown.
§ Severity of tNMG: 0, no NMG; 1, slight hypotonia; 2, severe hypotonia;

Mother with two newborns.

and stored at -700C. The diagnosis of MGand NMGwas based on
clinical, pharmacological, electromyographical, and immunological
(anti-AChR antibodies) criteria, as previously reported (2). Table I
summarizes clinical data of the 22 mothers and their 23 newborns stud-
ied (one mother had 2 babies). 12 mothers (Nos. 1 to 12) transmitted
MGto their newborns (hereafter called "transmitting mothers"). Of
the 12 affected newborns, 10 presented commonNMG, i.e., a transient
myasthenic syndrome without fetal involvement, and two presented
NMGwith antenatal injury. Case No. 12 was included in this group
although fetal involvement was not reported because this child, born at
39 wk by caesarian section, had potential fetal damage with an Apgar
score of 4 in the first minute and neurological disturbances (global
hypotonia and troubles of suction). 10 mothers (Nos. 13 to 22) had 11
unaffected newborns (hereafter called "nontransmitting mothers").

AChRpreparations. Adult human muscle was obtained from a limb
of an otherwise healthy individual (without muscle ischemia or denerva-
tion) after a traffic accident. Human fetuses (8-14 wk) were obtained
from voluntary pregnancy terminations. They were stored at -700C
before use. AChRwas extracted using Triton X-100 as previously de-
scribed (9). The antigen from adult muscle had quantitative and qualita-
tive immunoreactivity properties similar to antigen from normal adult
muscles previously described (2, 9).

Antibody assay. Anti-AChR antibody titers were determined by a
radioimmunoprecipitation assay using solubilized AChRfrom adult or
fetal skeletal muscle (0.25 nM final concentration) and complexed to
'"I-a-Bgt as previously described (9). Results were expressed as nmol
bound/I serum.

Statistical analysis. Mann-Whitney's U-test and Spearman's rank
correlation test were used for statistical analysis.

3, suction problems; 4, assisted ventilation; AI, antenatal injury.

Results

Comparison of reactivity of MGsera with adult and embryonic
AChR. Weevaluated the serum anti-AChR antibody titers of
MGmothers and of their newborns with the embryo and adult
muscle antigen preparations. Titers varied over a broad range
whatever antigen was used, from 2.7 to 2,703 nMwith embry-
onic AChRand from 1 to 332 nMwith adult AChR. As shown
on Fig. 1, there was a good correlation between antibody titers
detected in the two assays, with a clear tendency for higher
titers using the embryonic receptor, i.e., a 4.5-fold average dif-
ference (P < 0.0001). Newborns generally had the same pattern
of antibody reactivity towards the two forms of receptor as their
mothers, but with lower titers (Fig. 2, a-d). In 5 out of 21
cases, anti-AChR antibody titers were higher in neonates than
in their mothers. These sera contained high IgG levels. Of these
five samples, three were from umbilical blood, known to have
higher IgG levels than peripheral blood (2).

Correlation with NMG. Anti-AChR antibody titers were
higher in "transmitting" than in "nontransmitting mothers"
(Fig. 2, a and c) and correspondingly higher in affected than
in asymptomatic newborns (Fig. 2, b and d) (P < 0.003). This
difference was found with both embryonic and adult muscle
AChR. It was statistically significant both for maternal sera (P
< 0.002 and P < 0.01, respectively) and for newborn sera (P
< 0.002 and P < 0.003, respectively).
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Considering the overall higher level of both anti-embryonic
and anti-adult AChRantibodies in "transmitting" than in "non-
transmitting mothers," the possibility of a preferential role of
anti-embryonic AChRantibodies was studied in terms of anti-
embryonic AChR/anti-adult muscle AChRantibody titer ratio
(Te/Ta) for individual sera rather than in absolute values. Since
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Figure 2. Distribution of anti-adult muscle (a and b) and anti-embryonic
(c and d) AChRantibody titers in "transmitting" and "nontransmitting
mothers" (a and c) and in their affected (NMG+) and asymptomatic
(NMG-) newborns (b and d). Median values are indicated for each
group of patients.
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Figure 3. Relationship between NMGtransmission and levels of anti-
embryonic to anti-muscle AChRantibody titer ratio (Te/Ta) of MG
mothers' sera. Median values (-) and means (.) are indicated for
each group of patients.

antibody titers of maternal and newborn sera were closely re-
lated, the complete study was performed on the maternal sera.
This ratio had an average value of 2.8 (SD = 1.9) in myasthenic
mothers taken as a whole group.

As shown on Fig. 3, sera of "common-NMG-transmitting
mothers" showed higher Te/Ta than sera from "nontransmit-
ting mothers." Mean Te/Ta ratios were 4.86 (ranging from
2.91 to 7.61) for "transmitting mothers" versus 1.60 (from
0.82 to 2.45) for "nontransmitting mothers." This difference
is highly statistically significant (P < 0.0002). Paradoxically
sera from the three mothers having transmitted NMGwith ante-
natal injury tended to present a lower Te/Ta ratio than other
"transmitting mothers."

No correlation was observed between either antibody titers
or Te/Ta ratio with the severity of the disease in the mothers
or in their affected children.

Combining the two criteria (Te/Ta ratio, anti-adult muscle
AChRantibody titers), a good correlation is observed between
high Te/Ta ratio, high anti-adult muscle AChRantibody titers
and NMG(Fig. 4). Seven out of the nine sera of "common
NMG-transmitting mothers" showed a Te/Ta ratio > 3 and
anti-adult muscle AChR titer > 20 nM, versus none of the 10
sera of "nontransmitting mothers."

Discussion

This study shows that sera from myasthenic mothers transmit-
ting the disease to their newborns presenting anti-AChR anti-
bodies differ from sera from "nontransmitting mothers" both
quantitatively (anti-AChR titers) and qualitatively (Te/Ta ra-
tio). It appears that NMGinduction is usually associated with
particularly high titers of anti-human embryonic AChR anti-
bodies. This finding had not emerged from our previous studies
using rat AChR, probably due to the high level of species speci-
ficity of anti-AChR autoantibodies (8, 18). It is interesting to
note that several studies have shown, independently of NMG
transmission, that MGsera react more strongly with rat or
mouse embryonic than adult muscle AChR ( 15, 20, 21 ).

The relevance of these data to the pathogenesis of NMGis
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difficult to establish in view of the limited data presently avail-
able on the maturation of human AChR. One should note, how-
ever, that in the study reported by Hesselmans et al. (22), fetal
AChR was no longer detected in 33-wk-old fetuses. If these
data are confirmed, they would suggest that NMGis not due
to a particular effect of anti-embryonic AChR antibodies on

embryonic AChR persisting in newborns. They would rather
indicate that anti-embryonic AChRantibodies induce alterations
of fetal maturation of the AChR. This maturation would be
delayed in NMG,which could explain abnormal late (postnatal)
sensitivity to anti-embryonic AChRantibodies. This mechanism
is reminiscent of current hypotheses on the effect of maternal
anti-thyroid autoantibodies on thyroid primordium maturation
and migration leading to congenital hypothyroidism with com-

mon ectopy (23).
However, this interpretation should be taken with caution

since the maturation kinetics of AChRreported in Hesselmans's
study is at variance with those reporting other mammalian spe-

cies (rat and calf) in which changes from fetal to adult receptor

type progressively occur in the first weeks after birth (12, 14,
20, 24). If the same maturation kinetics occurred in man, the
hypothesis of a preferential role of anti-embryonic AChR anti-
bodies on the embryonic neonate AChR appears to be most

likely. The case of the three presumably severe NMGcases

associated with low Te/Ta ratios is difficult to explain with the
reservation of the low number of serum samples studied in
this category. One may postulate that the nature of NMGwith
antenatal injury is due to another yet unknown mechanism.

With regard to fine antigenic specificity of anti-AChR anti-
bodies, the difference between anti-embryonic and anti-adult
muscle AChR titers in sera from transmitting mothers may be
related to the presence of one or more epitopes specific for
embryonic AChRor of a partly common epitope shared on the
two AChR forms. These epitopes are probably located on the
y subunit and its e isoform rather than on the a subunit (so far
identical in embryonic and mature AChRs) although the latter
is generally considered as the main target of MGanti-AChR
antibodies and contains the main immunogenic region (25).
Localization of the epitope on an a- y conformation dependent

structure is also conceivable. Whether distinct antibody subpop-
ulations specifically react with the two AChR forms or whether
crossreacting antibodies recognize both embryonic and adult
muscle AChRs with different affinities remains to be deter-
mined.

In conclusion, this study provides an interesting example of
autoantibodies showing a particular pathogenicity in fetuses or

newborns. Other antibodies of this type have already been de-
scribed such as the anti-Ro (SS-A) autoantibodies which can

induce atrio-ventricular heart block (eventually leading to lethal
heart arrest) of the fetus without affecting the mother's heart
(26). Similarly, as mentioned above, it has been postulated that

anti-thyroid autoantibodies could favor abnormal migration of
the thyroid primordium since congenital hypothyroidism is sig-
nificantly associated with maternal anti-thyroid autoimmun-
ity (23).

These results should prompt further studies on the matura-

tion of human AChRand its functional expression. At the clini-
cal level, they offer interesting possibilities for predicting the
occurrence of NMGin fetus and newborns in pregnant myas-

thenic patients.
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