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Prenatal Diagnosis of Ornithine Transcarbamylase Deficiency
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Ornithine transcarbamylase deficiency (OTCD) is an
X-linked metabolic disorder typically producing severe
symptoms in affected males and a much milder pheno-
type in carrier females. Ornithine transcarbamylase
(OTC) is a mitochondrial matrix enzyme, expressed
mainly in the liver, that catalyses the biosynthesis of
citrulline from ornithine and carbamyl phosphate, and
initiates detoxification of nitrogenous waste through
the urea cycle. OTCD is the most common urea cycle
defect, with an estimated frequency of 1 in 70 000
(Brusilow and Horwich, 1995).

There is a spectrum of severity of the OTCD pheno-
type in males and females (Brusilow and Horwich,
1995). Males with little or no OTC activity present with
severe, intractable hyperammonaemia beginning
several days after birth and proceeding rapidly to coma
and death. The absence of metabolic compromise
during fetal life is explained by the placental circulation
dialysing the affected fetus, and the delay in develop-
ment of symptoms after birth is related to minimal
protein ingestion in the perinatal period. With an
increasing protein load and failure to incorporate
nitrogen into urea, several amino acids accumulate,
notably glutamine, and eventually hyperammonaemia
ensues. Partial OTCD in males (due to mutations
which do not entirely inactivate the OTC gene product)
may produce chronic mild hyperammonaemia, associ-
ated with variable degrees of developmental delay, or
may become manifest only during periods of illness or
prolonged fasting that lead to a catabolic state. Most
female carriers are not severely affected, and the severe
neonatal course is not seen in female infants (Maestri
et al., 1998). Many females have no symptoms or
report only nausea and malaise following high protein
meals. Occasional carriers with no prior medical
history suggesting OTCD develop lethal hyperammo-
naemia in response to severe metabolic stress, such as
surgery. Rare females have chronic metabolic instabil-
ity and develop hyperammonaemia early in childhood
with a phenotype similar to partial deficiency in males.
In females, the proportion of active normal X chromo-
somes versus active chromosomes bearing the OTC
mutation is the major determinant of residual activity.
Hence, severity in one heterozygous female family
member does not predict severity in other female
carriers of the same kindred.

A presumptive diagnosis of OTCD can be made in a
patient with elevated plasma ammonia and glutamine
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and reduced citrulline in the absence of acidosis or
ketosis. Orotic aciduria is usual in OTCD because
carbamyl phosphate is converted to orotate instead of
citrulline in the absence of OTC. Asymptomatic female
carriers can usually be detected by measuring urine
orotate following a dose of allopurinol, which inhibits
conversion of orotate to uridine. In the past, the
diagnosis of OTCD was often confirmed by measuring
enzyme activity in a liver biopsy. DNA-based testing
for mutation in the OTC gene is becoming a more
common means of confirmation. OTC maps to chro-
mosome Xp21.1 proximal to the genes for Duchenne
muscular dystrophy and chronic granulomatous dis-
ease. 10 exons spread over about 80 kb of DNA are
transcribed into a 1.5 kb message. The majority of
identified genetic alterations leading to OTC deficiency
are missense mutations, premature stop mutations, or
small insertions or deletions within the OTC coding
region, or splice site mutations immediately adjacent to
exons. 10 per cent of cases are due to gross rearrange-
ments, and most rearrangements are partial deletions
of the gene. Deletions of the whole gene and contigu-
ous regions of the X chromosome are uncommon
(Francke, 1984). Early reports suggested the possibility
of a few hot spots for mutations (Maddalena et al.,
1988). Subsequent comprehensive studies, using direct
sequencing plus Southern blot analysis to identify all
types of genetic alterations, failed to detect a high
frequency of recurrent mutations among unrelated
patients (Tuchman et al., 1996). Mutations are scat-
tered throughout the gene, and nearly every family has
a unique alteration. The great majority of males with
neonatal onset of OTCD have mutations in the coding
region of the gene or in adjacent splice sites. Direct
mutation analysis is less likely to detect mutations in
males or females with biochemical studies suggestive of
partial OTCD (Glynn et al., 1998). These data may
indicate that mutations causing partial deficiency often
lie outside the coding region of the gene (e.g. cryptic
splice sites in introns or mutations in regulatory
regions) or that some patients diagnosed with partial
deficiency actually have a genetic defect in a gene other
than OTC.

Prenatal diagnosis of OTCD can be performed by
direct mutation analysis of a fetal sample consisting of
chorionic villi, amniotic fluid cells or cultured amnio-
cytes. Prior to pregnancy, or very early in pregnancy, a
mutation should be sought in an affected male family
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member or obligate female carrier, a process that may
take several weeks. Direct sequencing of exons and
splice sites is becoming the standard method of muta-
tion screening. In female patients who screen negative
by these methods, Southern blotting may detect
heterozygosity for a deletion of the gene. Once a
mutation has been found, testing a fetus should take a
few days to a week. Direct mutation analysis of a fetus
without prior studies of an obligate gene carrier is
suboptimal because of time considerations and because
the method is not 100 per cent sensitive. Failure to
detect a mutation in a fetus when the family mutation
is unknown does not necessarily indicate a normal
fetus. Other limitations of direct mutation detection
include failure to identify a mutation in some OTCD
kindreds and detection of missense alterations of
unknown significance. Stop mutations, frameshifts,
splice site mutations and deletions are presumed to
have functional significance because they all result in
gross alterations of the OTC protein. However, novel
missense alterations could be normal variants that do
not cause disease. Because OTCD is rare, any variant
that is reasonably frequent in the general population
cannot be disease related. Several investigators have
catalogued normal polymorphisms in the gene (Rozen
et al., 1985; Hata et al., 1988; Tuchman, 1993). Any
variant that is not a known polymorphism can be
assessed for functional significance on the basis of
evolutionary conservation. Tuchman et al. (1995b)
compared the human OTC sequence with 25 homolo-
gous genes to identify conserved amino acid residues.
Missense alterations at highly conserved sites are likely
to be functionally important. Interpretation of other
missense variants remains problematic. Functional
analysis by in vitro expression of a protein bearing the
variant is possible but lies outside of the realm of
standard clinical diagnosis.

For families in which a firm diagnosis of OTCD has
been established, yet no mutation can be found, link-
age analysis can be a highly accurate alternative to
mutation-specific diagnosis. Linkage analysis is an
indirect method of diagnosis that exploits the tendency
of genes that lie close together on a chromosome to be
transmitted from parent to child with no recombina-
tion. There are many polymorphisms in and near the
OTC gene. In kindreds with more than one affected
family member, linkage analysis can be used to deter-
mine which alleles at linked markers co-segregate with
the disease. Any fetus bearing the disease-associated
allele is extremely likely to be affected and fetuses not
bearing the associated allele are very unlikely to be
affected. This method is typically 99 per cent accurate.
The main limitation of linkage-based diagnosis is its
use in kindreds with a single affected individual. One-
third of singleton affected offspring should be new
mutants provided that the male and female mutation
rates are equal and that fitness is zero in males, but
segregation analysis suggests that mutation rates are
not equal (Bonaiti-Pellie et al., 1990). Increasing use of
mutation-specific diagnosis is providing direct data
addressing the frequency of new mutations, but reports
differ in their estimates of the mutation rate. Tuchman
et al. (1995a) reported that 2 of 28 singleton males and
12 of 15 singleton females were new mutants. Maestri
et al. (1998) found that 5 of 9 singleton males and 11 of
11 singleton females were new mutants. As it stands,
linkage analysis in kindreds with a single affected
person can be used with a high degree of accuracy to
exclude the possibility that a fetus carries the OTCD
gene. If linkage analysis with intragenic or flanking
markers shows that the fetus does not carry the same
copy of the OTC gene as the affected singleton child,
then the fetus is not at risk for OTCD. However, if
the fetus and previous affected child have inherited the
same copy of the OTC gene, then the study should be
viewed as uninformative.

In families with singleton affected offspring with a
known mutation, many mothers test negative for the
mutation carried by their child. In these cases, the child
is declared a new mutant, and the mother is often told
that her risk of having a second affected child is
minimal. However, at least one case of ‘gonadal
mosaicism’ has been reported in which three affected
females were born to a couple in which the mother and
father tested negative for a constitutional OTC muta-
tion (Komaki et al., 1997). The father was found to be
a mosaic for a mutation in the OTC gene that could
be detected in spermatozoa. The rate of gonadal
mosaicism in OTCD is unknown but is probably low.
Nevertheless, couples with a child who is apparently
a new mutant should be counselled on the small
chance of a second affected child and offered prenatal
diagnosis for future pregnancies.
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The Invited Commentary: Current Issues in Obstetrics and Genetics section of Prenatal Diagnosis aims to present a
commentary on topical issues in prenatal diagnosis which are of relevance to both obstetricians and medical geneticists. These
commentaries are invited and each represents a personal critical analysis of the current studies of a particular subject, putting
the latest research into the context of earlier work, and providing implications for clinical practice.
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