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A familial form of convulsive disorder with 
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KEITH FAEISIAK’ AND ROBERT P. ERICKSON’~~ 

Departments of ‘Pediatrics and Communicable Diseases and 2Human Genetics, University of 
Michigan School of Medicine, Ann Arbor, Michigan, USA 

An unusual pedigree of female-limited seizures with or without mental retardation is updated. 
The disorder was first detected in a large cohort of women whose fathers were brothers, and 
affected women had previously transmitted the disorder. Four brothers of affected females 
have now had five unaffected daughters while four affected women have had four affected and 
one unaffected daughters and two unaffected sons. This unusual transmission pattern is 
discussed in terms of germ-line imprinting, neuronal sexual differentiation, and the generally 
higher risk of seizures seen when the mother, rather than the father, is affected. 
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Juberg & Hellman reported an unusual 
pedigree of sex-limited inheritance in 197 1. 
Fifteen females related as sisters, or as first 
cousins through their fathers, had a similar 
convulsive disorder, sometimes associated 
with mental retardation. At the time of that 
report, two affected females had had single 
affected daughters but none of the males 
had reproduced. We recently re-ascertained 
this pedigree when an affected girl from the 
fifth generation presented for care. Brothers 
of the affected women of generation IV have 
now had five unaffected daughters. This un- 
usual pattern of inheritance of female-lim- 
ited, hereditary disease could possibly be 
explained by: 1) X-linkage of a variably 
penetrant and sex-limited trait, 2) sex-lim- 
ited autosomal (or pseudoautosomal) domi- 
nant inheritance, or 3) germ line imprinting 

(reviewed in Erickson 1985, Monk 1988). 
Sexual differentiation of the brain (reviewed 
in Goy & McEwen 1980) could be respon- 
sible for sex limitation. The pedigree is also 
discussed in relation to the higher risk of 
seizures in offspring of mothers than of 
fathers with epilepsy (Ottman et al. 1988). 

Case History 

A two-and-one-half-year-old female was 
seen for evaluation of seizures, self-injurious 
and destructive behavior, and progressive 
cognitivc decline (V 14 in Fig. 1). Her birth 
and immediate neonatal course were unre- 
markable. At 3 months of age she had onset 
of generalized, tonic-clonic seizures. At 5 
months of age phenobarbital therapy was 
initiated. Over the first 2 years of life seiz- 
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ures were noted to occur approximately 
every 6 weeks. Her development over that 
same period of time was felt to be normal. 

At 2 years of age a period of severe seizure 
activity lasting 30 min occurred. Over the 
ensuing 6 months her parents noted a pro- 
gressive decline in speech, memory, and 
gross motor skills. She now walks on her 
toe tips and runs in a peculiar posture with 
her hands and arms flexed, whereas her gait 
was previously normal. In addition to 
generalized tonic-clonic seizures, she has 
been having petit ma1 seizures and Jackson- 
ian seizures followed by postictal hemi- 
paresis up to three or four times a week. 

Physical exam exhibited a well-nourished, 
agitated and uncooperative girl prone to 
outbursts. She was noted during the exam 
to have several episodes of staring with de- 
creased activity lasting 15 to 30 s each. Her 
weight, height, and head circumference xere 
all appropriate for age. There was no evi- 
dent dysmorphism. There was normal 
muscle tone noted throughout. She ap- 
peared to use both sides of her body equally 
and drew using her left hand. Reflexes were 
3 + in the upper and lower extremities bilat- 

erally with bilateral flexor plantar re- 
sponses. 

Laboratory evaluation included normal 
electrolytes, liver function tests, hemoglo- 
bin, and white blood cell count. Serum 
BUN and creatinine were normal for age. 
A urine metabolic screen was negative for 
organic acids. Peripheral blood buffy coat 
and rectal biopsy were negative for storage 
material, including ceroid lipofuscin. A 
head CT scan with and without contrast 
enhancement was unremarkable. An EEG 
performed during sleep and drowsiness was 
normal. Chromosomal analysis showed a 
normal female 46,XX chromosome comple- 
ment with no apparent abnormalities of the 
X chromosome on prophase-banded prepa- 
rations at the 750 band level. 

Family History 

Since the initial report of this kindred in 
1971, there have been another 15 individuals 
(10 females and 5 males) born to its mem- 
bers. The pedigree is shown in Fig. 1. We 
have maintained the original pedigree num- 
bers, adding new ones for individuals added 
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Fig. I. Pedigree of the kindred. Small symbols indicate fetal wastage events of known, or unknown (diamond), 
sex. 
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to the pedigree since 1971. Two of these 
new members of the kindred (V 14, V 12)) 
including our patient, have seizures and loss 
of developmental milestones. In addition, a 
female previously reported as normal (IV 
27) has since also developed seizures and 
loss of developmental milestones. 

V 12 developed seizures at 7 months of 
age. At 28 months of age she began having 
increased frequency of seizures, occurring 
up to 10 times a day. At that time she also 
began to lose previously attained develop- 
mental skills. 

IV 27 first developed seizures at  14 
months of age during a febrile illness. At 
31 months of age she developed increasing 
seizure frequency and loss of developmental 
milestones, and has been institutionalized 
since 5 years of age. 

These histories are strikingly similar to 
those of the eight other females of the fourth 
generation with both seizures and mental 
retardation (IV 2, IV 6, IV 18, IV 22, IV 
24, IV 25, IV 32, IV 33). All had onset of 
seizures within the first year of life and were 
generally felt to be attaining age-appropri- 
ate milestones until somewhere in the sec- 
ond to third year of life, when each de- 
veloped increased frequency of seizure activ- 
ity with subsequent loss of developmental 
milestones to a varying degree. 

V 13, a sibling of V 12, and whose mother 
has a seizure disorder, is at 4 years of age 
seizure-free and continuing to develop age- 
appropriate milestones. She is the only unaf- 
fected female born to a mother in generation 
IV with a seizure disorder. There are nine 
other unaffected females of the fifth gener- 
ation; four born to unaffected mothers (V 
1, V 2, V 6, V 18), and five to unaffected 
fathers of the fourth generation (V 8, V 9, 
V 10, V 1 1, V 16). All five males of the fifth 
generation are seizure-free and developing 
appropriately. Two are offspring of an unaf- 
fected mother (V 5 and V 7), two are off- 
spring of affected mothers ( V 4a and V 1 9 ,  

and one is the offspring of an unaffected 
father (V 17). 

The 12 unaffected males of the fourth 
generation have now produced a total of six 
offspring, including one normal male and 
five normal females. This is in contrast to 
the 30 living offspring of the ten unaffected 
males of the third generation, of whom 16 
of 20 females have seizures with o r  without 
mental retardation. Thus transmission from 
unaffected males to their female offspring 
has not yet been seen from the fourth to the 
fifth generation as it had in the previous 
generation. 

Discussion 

The findings in this family are difficult to 
reconcile with any standard inheritance pat- 
tern. An autosomal dominant disorder with 
expression limited to females is one possi- 
bility. This hypothesis would not explain the 
slightly unusual sex ratios (not statistically 
significant) or the high frequency of affected 
daughters in generation IV (X2 = 5.44, 
p < 0.02). A dominant, X-linked trait with 
incomplete penetrance and sex-limited ex- 
pression would explain the high frequency 
of affected daughters in generation IV and 
the lack of affected daughters of male sibs of 
affected females in generation IV (although 
only five are at risk). However, an  X-linked, 
sex-limited trait would not be expected to 
affect such a high percentage of the daugh- 
ters of affected females (but the numbers 
are not significant since the four affected 
are among only five at risk). 

Germline (or chromosomal) imprinting 
provides an alternative explanation for 
some of the findings in this pedigree. It is a 
classic concept in genetics which was de- 
rived from studies of chromosomal elimina- 
tion in Sciara - the set of chromosomes 
eliminated was always the paternal one and, 
thus, passage through the paternal germline 
must have provided information to, i.e. im- 
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printed, the chromosomes (Crouse 1960). 
The X chromosome was the first example 
studied in mammals. It was found some 
time ago that in marsupials the paternal X 
is preferentially inactivated (Cooper 197 l), 
certainly in readily accessible tissues such as 
blood, and perhaps in many other tissues. 
The paternal X is preferentially inactivated 
in extraembryonic membranes in eutherians 
(Takagi & Sasaki 1975). In fact, such germ- 
line imprinting has now been well demon- 
strated for inany chromosomal regions in 
mice and explains the failure of partheno- 
genesis in mammals. It has been shown that 
gynogenetic embryos (2 female-derived 
chromosome sets; usually the result of arti- 
ficial activation) had well-developed em- 
bryos, but the extra embryonic membranes 
were very poorly developed. On the other 
hand, androgenetic embryos (2 male-de- 
rived chromosome sets; created by nuclear 
transplantation), have poorly developed 
embryos but well-developed extra-embry- 
onic membranes (Solter 1988). In fact, hu- 
man hydatidiform moles are disorganized 
masses of extra embryonic membranes 
which result from the loss of the female 
pronucleus and the fusion of two male pro- 
nuclei from one or two spermatozoa (Law- 
ler et al. 1982). Such results indicate that 
the mammalian embryo needs chromosome 
sets imprinted both through the ovary and 
through the testis for successful develop- 
ment. In fact, studies of mice suggest that a 
large part of the genome might need to be 
differentially imprinted (Cattanach & Kirk 
1985). Transgenes have also been used as a 
tool to study imprinting (Surani et al. 1988). 
There are many examples of a transgene’s 
expression being different when transmitted 
by a male versus a female. There is also a 
case (Hadchouel et al. 1987) of a transgene’s 
expression being permanently altered after 
one generation of imprinting. 

Germline imprinting might have been a 
good explanation for the unusual pattern 

of expression in the pedigrees as reported 
earlier (Juberg & Hellman 1971) but nor 
with the extension we provide. One couhl 
have postulated that the pattern of inherit- 
ance in this pedigree could be explained b) 
a gene causing seizures in individual I1 3 
(and ignoring probably transmission froni 
her mother) which was transmitted to 7 ou i 
of 9 of her sons, but which was imprinted 
in such a way that it was not expressed 
in these sons. It could further have been 
postulated that in the following generation, 
during spermatogenesis, the gene would 
have been imprinted in a de-repressed mode 
such that expression in the daughters of the 
transmitting males could now occur. How- 
ever, one would have to argue that the im- 
printing did not continue in the same man- 
ner and that the gene continued to be ex- 
pressed in the offspring of the following 
generation (which would also apply to 
transmission from generation I to 11). If it 
was an X-linked gene, the excess of affected 
daughters to the generation I11 males would 
be explained. 

Since a variably penetrant and expressed 
X-linked trait with sex-limited expression 
might explain the findings in this pedigree, 
reasons for such sex-limited expression need 
to be considered. One hypothesis to explain 
sex-limited expression in this seizure dis- 
order is by different neuroanatomical path- 
ways between males and females. Sex-speci- 
fic differences in neuronal networks have 
been described in adult brains of many spe- 
cies (Goy & McEwen 1980, Arnold & Gor- 
ski 1984, DeVries et al. 1984). Such sex- 
specific differences in the morphology of 
adult brains have usually been demon- 
strated to be secondary to differential ex- 
posure to gonadal steroids during critical 
perinatal periods (Gerall & Ward 1966, von 
Saal & Bronson 1978, Dohler et al. 1982) 
and are secondary to central nervous system 
aromatization of testosterone. Recently 
molecular markers for sex-specific differ- 
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ences have been found which may provide 
clues as to the developmental basis of the 
differences in neuroanatomical structures 
(Tobet & Fox 1989). It is possible that differ- 
ent arrangements of neurons and/or glia in 
males and females in this pedigree could 
result in different susceptibility to some seiz- 
ure-promoting gene, although the known 
sex-hormone-related differences in the 
mammalian medial preoptic area and the 
spinal nucleus of the bulbocavernosus are 
unlikely candidates. Thus, a gene such as 
that causing autosomal dominant benign 
neonatal seizures (Cunniff et al. 1988) could 
interact with sex different neuronal net- 
works to cause seizure disorders in the fe- 
male but not in the male. The rapid onset 
of deterioration in these patients is remi- 
niscent of that seen in Kett syndrome, which 
may be an X-linked trait - lethal in males 
and with females not reproducing (Opitz 
1986). It is conceivable that our pedigree 
represents the inheritance of a less severely 
abnormal mutation at the same locus. 

Asymmetry in the inheritance of epilepsy 
has long been known since children of af- 
fected women are more likely to have seiz- 
ures than are those of affected men (Anne- 
gers et al. 1976, 1978). The inheritance of 
seizures and/or mental retardation from 
generation IV to generation V of our pedi- 
gree shows this asymmetry. Analyses of data 
on families with epilepsy indicate that this 
asymmetry is not dependent on the etiology 
of the seizures, the seizure type, nor the use 
of anticonvulsants during pregnancy 
(Ottman et al. 1988). A recent genetic analy- 
sis (Ottman et al. 1988) concluded that the 
data provide evidence for a maternally 
transmitted influence on seizure susceptibil- 
ity. Since the major known genetic element 
transmitted only maternally is that in the 
mitochondria (Giles et al. 1980), and poss- 
ibly the centriole (Hall et al. 1989), it would 
seem possible that alterations in mitochon- 
drial metabolism could affect susceptibility 

to seizures. Alternatively, a maternal effect 
due to in utero environment has not been 
precluded. However, in our pedigree, many 
female offspring of unaffected males have 
preferentially developed this disorder, but it 
appears that the following generation (gen- 
eration V) provides a better fit for maternal 
inheritance. Overall, there is no evidence for 
a maternally transmitted influence of seizure 
susceptibility in our pedigree. 

We conclude that a variably expressed 
and penetrant, X-linked and sex-limited 
trait best explains this pedigree of seizures 
with or without mental retardation. Sexual 
differentiation of the central nervous system 
may best explain the apparent sex-limitation 
of expression. 
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