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Table 4. Rocovery rates of the amino acids apiked in plasmia sample IN=5)

Amino acid Plasma
Concentration k) Y 1] Recovery rates(3]

250 ph addition 25 uM addition

Glycine Gly 663

Alanine Ala 3878

Serine Sar 123.0

Proline Pra 1057

aline Wal 1549

Threonine T 1114 G5

Tatsine Tau au.7 52%

tsoleucine e 458 2%

taucine Lew e 1%

Aspragine Asn 441 100%

Glutamine Gl T137 ]1%

Glutamic acd Gy 1458 9%

Hathicnine het 260

Histidine His &548

Phenvialanine Phe 458

Arginine Arg 7538

Citrulline {it 1935

Tyrosine Tyr 594

Trptophan Trp 520

Qrnithing Ora 443

Lysine Lys 1441

Cystina Cys2 125
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Table 5. Ardno acid concentrations i plasma fomy 10
healthy volunteers and calculated Fischer index as analysis by
LE-MAS and ninhydin (valoes are given in g a5 msans X
standand deviation

Arving acid L-M5 minhyden®
Glycine iy 28751402 2623 403
fanine ala 4220+ 513
Ser 1230+ 195 s 14,
Pro 1744 + 489 1777 2440
Val 2153+ 438 2224 £423
Threonine Thy 13581 2 235 1446 = 3038
Tauring Tau 478 %103 477 £ 57
jsoletcine He 638+ 163
Leucine Leu 1669+ 269
Aspragine Asn 508+ 83
Glutamine Gin 3704 2 1168
Glutamic acd Sy 432158
Methioning het 3156
Histidine His 775+ 58
Phenyialanine Fhe 533+ B8
Arginine &rg 16604 124
Citrulline it 383+ 38
Tyrosine Tye 851+ 84
Tryptophan Trp 34395
Oraithine Om 533113 562+ 109
Lysine Lys 1743 +£ 309 1932 £ 294
{ystine Zys2 B5:98 06 +£83
Fischer index 3198 £ 050 295 £ 042

s Amine acids detected with ninhyden reagent ware deter-
mined with post-column derivatization on an automatic
amine 20d analyzer {-8800; Hitachi High-Technologles,
Tokye, Japani after protain precipitation by S-sulfosulbytisic
acid.
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ORIGINAL ARTICLE

Mutant alleles associated with late-onset ornithine
transcarbamylase deficiency in male patients have
recurrently arisen and have been retained

in some populations

Sanae Numata!, Yoshiro Koda?, Kenji Thara®, Tomo Sawada®, Yoshiyuki Okano?, Toshinobu Matsuura’,

5

Fumio Endo®, Han-Wook Yoo®, Jose A Arranz’, Vicente Rubio®, Bendicht Wermuth?, Nicholas Ah Mew!®,
Mendel Tuchman'®, Jason R Pinner!!, Edwin P Kirk!! and Makoto Yoshino!

We performed haplotype analysis using nine single nucleotide polymorphisms in the ornithine transcarbamylase gene to explore
the ancestral origins of three mutations associated with late-onset phenotype in male patients: p.R40H, p.R277W and p.Y55D.
Overall, 8 haplotypes were defined among 14 families carrying p.R40H, 5 families carrying p.R277W and 2 families with
p.Y55D mutations. Of nine Japanese families carrying p.R40H, eight exhibited haplotype (HT)1, whereas the other family
harbored HT2. Among three Caucasian families, one Spanish and one Australian family bore HT3; one Austrian family had
HT4. Two US patients harbored HT2 and HT4. Among families carrying p.R277W, HTS was found in one Japanese, one
Korean and one US family. Two other US families had HT2 and HT6. Two families carrying p.Y55D, both Japanese, shared
HT1. These results indicate that the p.R40H mutation has arisen recurrently in all populations studied, although there is
evidence for a founder effect in Japan, with most cases probably sharing a common origin, and to a lesser extent in subjects

of European ancestry (HT3). It is evident that p.R277W mutation has recurred in discrete populations. The p.Y55D mutation
appears to have arisen from a common ancestor, because this transversion (c.163T>G) occurs rarely.

Journal of Human Genetics (2010) 55, 18-22; doi:10.1038/jhg.2009.113; published online 6 November 2009

Keywords: haplotype; late-onset; male; ornithine transcarbamylase deficiency; recurrent mutation; single nucleotide polymorphism

INTRODUCTION

Onrnithine transcarbamylase (OTC) deficiency (OMIM no. 311250)
is the most common. inherited disorder of the urea cycle and. is
transmitted as an X-linked trait.

The locus of the gene encoding OTC is on the short arm of the
X chromosome within band Xp21.1.! The gene spans 74kb with an
open reading frame of 1062 nucleotides distributed into 10 exons
and 9 introns.>* The phenotypes of females heterozygous for a mutant
OTC allele vary from asymptomatic carrier state to overt, even fatal
disease, depending first on the nature of the gene mutation, second
on X-inactivation pattern and third on other genes and environmental
factors. In contrast, in hemizygous male patients, the phenotype is
determined by the nature of mutation and other yet unknown factors
(other genes/environment). Such male patients most commonly develop
symptoms of hyperammonemia in the neonatal period or in early

infancy and their disease is often fatal.? However, there are some male
patients in whom the onset of the disease is delayed until the preschool
age period® through to adulthood.%”-Some affected males within the
same families may remain asymptomatic for life. Their condition
is now recognized as ‘late-onset OTC deficiency in male patients)
accounting for ~ 30% of male patients.? Such male patients reproduce
at a fitness value of 0.49.)° Although the majority of mutations at
human OTC locus are ‘private, being observed in single families
only,!! several mutations have been observed repeatedly in discrete
families,'>** mainly affecting CpG dinucleotides. Among those,
the c.119G>A (p.R40H) and ¢.829C>T (p.R277W) mutations
have been repeatedly reported in multiple ethnicities. In our previous
series of Japanese families, the ¢.119G>A (p.R40H) mutation was
encountered in a cluster.”1%1% In addition, we identified another novel
mutation, c.163T>G (p.Y55D) in two discrete families.'®!® It is not
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known whether or not these mutations share a common ancestral
origin or have arisen recurrently.

Polymorphic sites in the human OTC gene having potential for
family tracking were reported previously. These include single
nucleotide substitutions, insertions and short tandem repeats.®!7-%2
After completion of the HapMap Project, single nucleotide
polymorphisms (SNPs) have become available for haplotype analysis
on a given gene.

However, SNP-based haplotype analysis of the human OTC locus
has not been reported previously. We aimed to determine the haplo-
types of these mutant OTC alleles to explore the origins of these
mutations.

MATERIALS AND METHODS
Families
A total of 14 families with the c.119G>A (p.R40H) mutation,
5 families with the ¢.829C>T (p.R277W) mutation and 2 families with the
c.163T>G (p.Y55D) mutation were studied. The 14 families with the p.R40H
mutation consisted of 9 families from Japan, 1 family each from Spain,
Australia and Austria, and 2 families from the United States. The families with
p.-R277W included 1 family from Japan, 1 family from Korea and 3 families
from US. Two families with p.Y55D were both Japanese. The probands were all
male, except the proband in family 11, a 13-year-old symptomatic girl who
carried the p.R40H mutation, as did her asymptomatic mother, Families 1-9,
15, 20 and 21 were Japanese; family 16, Korean; and families 10-12, Caucasians.
None of the families in the present series were known to be related to
each other. Demographic information, including ethnic background, of the US
families (13, 14, 17-19) was not available because of the US Personal Data
Protection Act, Haplotype analysis was performed on the proband from each
family and their relatives, when specimens were available from them. In family
11, the DNA specimens from parents of the proband were also analyzed to
determine the mutation-bearing allele. In family 12, the DNA specimen of the
proband was prepared from the liver tissue obtained after it had been
inadvertently transplanted to a woman,??

Recurrent mutations in the human OTC gene
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Haplotype analysis

A total of 9 tagged SNPs were selected on the Haploview?* with 12 of 0.80 and
minor-allele frequency of 0.05 (Table 1). The haplotype frequencies of Japanese in
Tokyo (JPT), Utah residents with Northern and Western European ancestry from
CEPH collection (CEU) and Yoruban in Ibadan, Nigeria (YRI) were available
on http://hapmap.ncbi.ntm.nih.gov/index.html.en. The nucleotide combina-
tions in Pan troglodytes (chimpanzee) were obtained on httpi//www.ensembl.
org/index.html to estimate the human ancestral alleles. The nucleotide in the
polymorphic site 6 (155963421 for human) for P. troglodytes was represented by
that in Pongo pygmaeus abelii (orangutan), because this nucleotide was not
available for B rroglodytes.

The SNPs were determined by the TagMan probe-based real-time PCR
on LightCycler LC-480 (Roche Diagnostics GmbH, Mannheim, Germany).
The PCR was catried out in a total volume of 20 il, containing 20 ng genomic
DNA, 10ul LC-480 Probe Master (Roche) and 1 pl 20x Probe/Primer Mix
(Applied Biosystems, LLC, Foster City, CA, USA). The probes used were labeled
as either FAM or VIC. The temperature was programmed as follows:
a pre-incubation step at 95°C for 10 min, followed by 40 cycles of denatura-
tion at 95 °C for 10, annealing at 60 °C for 60s and extension at 72 °C for I's.
At the end of the annealing step, the fluorescence signal was measured. After the
PCR reaction, the temperature was decreased to 40 °C as a cooling step.

Ethical considerations

The Ethical Committee of Kurume University approved this project and
specimens were obtained in accordance with respective institutional bioethical
standards and relevant bioethical regulations or guidelines in each country.

RESULTS

Haplotypes defined in the families and their allelic frequency

and heterozygosity _

The data on the nine SNPs employed and the haplotypes determined
in the families by the use of these SNPs are summarized in Table 1. Six
discrete haplotypes (HT’s) (1-6) were found among the probands.
The parents of the female proband in family 11 carried two additional
HT’s, 7 and 8.

Table 1 Haplotypes generated by single-nucleotide polymorphism in human ornithine transcarbamylase locus

Allele frequency heterozygosity Haplotype

Polymorphic sites Tagged SNPs Nucleotide JPN CEU YRI 1 2 3 4 5 [ 7 8 Pan troglodytes

1 155917576 G/A 0.91/0.09 0.50/0.50 0.83/0.17 G G G A G G A G G
0.164 0.500 0.282

2 1s17274134 GIC 0.53/0.47 0.08/0.92 0.19/0.81 G C C [ C C o c C
0.498 0.147 0.308

3 1s6417794 G/C 0.77/0.23 0.79/0.21 0.88/0.12 G ¢ ¢C G G C G G G
0.354 0.332 0.211

4 1s6609709 G/A 0.11/0.89 0.23/0.77 0.30/0.70 A A A A G A A A A
0.196 0.354 0.420

5 12235125 G/A 0.38/0.62 0.63/0.36 0.22/0.78 A G G G A G A A A
0.471 0.454 0.343

6 155963421 AT 0.82/0.18 0.60/0.40 0.92/0.08 A A T T A A A A A
0.295 0.480 0.147

7 117274141 CIT 0.46/0.53 0.13/0.87 0.08/0.92 C T T T T T C ¢ i
0.488 0.226 0.147

8 1$5963428 AT 0.05/0.95 0.24/0.76 0.43/0.47 T T T T A T T T T
0.095 0.365 0.404

9 1512557315 CIT 0.82/0.18 0.80/0.20 0.98/0.02 [ T o C C [ [ [ c
0.295 0.320 0.039

Abbreviations: JPT, Japanese in Tokyo; CEU, Utah residents with Northern and Western European ancestry flom CEPH collection; YRI, Yoruban in Ibadan, Nigeria.
2Surrogated by the nucleotide in this position in Pongo pygmaeus abelii {Orangutan) because it was not available for P froglodytes.
Shaded cells indicate nucleotide bases different from those in P, Troglodyfes. The segments enclosed by frames indicate those which may have been involved in recombinatory event to form HT4

or generation of HTs 3 and 7 from HT4.

o
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Association of the three mutant alleles and particular haplotypes
The results of the haplotype analysis of the 21 families are summarized
in Table 2. Among the nine Japanese probands carrying the p.R40OH
mutation, those belonging to families 1-8, who resided in an area
within a radius of 140km, all had HT1, whereas family 9, who lived
650km away from that area, had HT2. One Spanish family and one
Australian family had HT3. In this Australian family, the proband
(a girl) bore HT3/8; her mother, 3/7; and father, HT8. Previous
analysis had shown that mother carried the mutant allele. Therefore,
it was determined that the mutation was linked with the HT3 allele.
The Austrian family and one US family shared HT4. The proband in
the remaining one US family had HT2. Thus, in the 14 families
carrying the p.R40H mutation, this mutation was associated with
four different HT’s, indicating that it had appeared anew at least four
times in the Japanese and the Caucasian populations. Similarly,
the p.R277W mutation was associated with three different HT’s in
our five families carrying this mutation. Three families that carried
p.R277W, one Japanese, Korean and US family, shared HT5 each.
One of the remaining two US families carried HT6 and the other,
HT2. The two Japanese families that carried the p.Y55D mutation
shared HTI.

Evolutional order of the haplotypes

To estimate the evolutional order of these haplotypes, nucleotides
in each polymorphic site were compared with those in P troglodytes
(Table 1). HTS differed only in polymorphic site 7 (T-to-G) from that
of P troglodytes. HT1, HT5, HT6 and HT7 exhibited nucleotide

Table 2 Haplotypes of mutant alleles carrying the three mutations

changes in two polymorphic sites, whereas in HT2, HT3 and HT4,
there were nucleotide changes in three polymorphic sites.

DISCUSSION

Although the majority of mutations at the OTC locus are ‘private’ in
patients with neonatal and infantile presentation,!! some mutations
have been found to recur in unrelated families.'> Among mutations
associated with late-onset OTCD in male patients, the two muta-
tions, p.R40H and p.R277W, have been most frequently reported
in multiple different families.”1>'>?% The p.Y55D mutation has
been found only in two unrelated Japanese families.!®1® It was not
known whether or not the recurring mutations shared a common
ancestral origin or had arisen independently. The present study
suggests that the p.R40H mutation occurred at least four times,
or even five times, if the family 14 is non-Japanese American, in
the Japanese and in the Caucasian populations. It appears very
likely that those eight Japanese families (1-8) share a common
ancestral origin and the mutant allele had been retained in the
population in this small area. The other Japanese family (family 9)
had a distinct haplotype, however, suggesting this mutation had
arisen recurrently. Families 10 and 11, both Caucasian, may also
have a common ancestral origin. Although the Australian family
has no known Spanish ancestry, the proband’s maternal grandfather
(not studied) was of North Italian descent and could conceivably
share ancestry with the Spanish family. It remains possible that
the mutation occurred recurrently, but it is noteworthy that the allele
in these families has a low haplotype frequency (0.033) among

Family 1-6 7 8 9 10 11 12 13 14
Mutation p.R40H
Haplotype 1 1 1 2 3 3 4 4 2

Reference no. Harada et al.’? Matsuda et al.2®>  Present report

Present report Arranz et al.2’ Pinner et al.28 Plochl et al.23  Tuchman et al.,}!

Tuchman et al.}2

Ethnicity Japanese Japanese Japanese Japanese Caucasian Caucasian Caucasian Unknown Unknown
Residential Japan Japan Japan Japan Spain Australia Austria United States  United States
country
Allele frequency
IPT 0.408 0.151 0.031 0.133 0.151
CEU 0.067 0.155 0.033 0.356 0.155
YR! 0.056 0.022 <0.05° 0.044 0.022
Family 15 16 17 18 19 20 21
Mutation p.R277TW p.Y550
Haplotype 5 5 5 6 2 1 1
Reference no. Numata et al.t® Kim et a/.2° McCullough et al.}4 Nishiyori et al.}® Numata ef a/.1?
Ethnicity Japanese Korean Unknown Unknown Unknown Japanese Japanese
Residential Japan Korea United States  United States United States Japan Japan
country
Allele frequency
JPT 0.061 <0.05° 0.151 0.408
CEU 0.175 <0.05° 0.155 0.067
YR} 0.122 0.066 0.022 0.056

Abbreviations; JPT, Japanese in Tokyo; CEU, Utah residents with Northern and Western:European ancestry from CEPH collection; YRI, Yoruban in' {badan, Nigeria,

3Patients 1, 3, 4, 8.9 and 10 in reference Harada et al.”
bBelow minimum-allele frequency.
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Caucasians. Families 12 and 13 share a haplotype, but there is
insufficient information to say whether this represents the effect of
common ancestry or of recurrence on the same haplotype. HT4 is the
most common in Caucasians (allele frequency 0.356 in the CEPH
Caucasian samples) and there is no information about the ethnicity
of family 13.

Among the families with the p.R277W mutation, the Japanese and
the Korean families (families 15 and 16) could have stemmed from
a common ancestor, Family 18 bore HT6, confirming recurrent origin
of this mutation.

The families that harbored the p.Y55D mutation (families 20 and
21) shared HT1. This mutation has been found among the Japanese
population alone to date.'®!¢ In contrast to the p.R40H and p.R277W
mutations, which involve CpG dinucleotides and hence are likely to
recur, this transversion (T-to-G) is not common among single base
substitutions in X chromosome genes in general®® and in the OTC
gene in particular.!>'*2” This characteristic of the p.Y55D mutation
would again support that the affected families share a common
ancestral origin.

The search for polymorphic markers and the determination of
their allelic frequency is required for exploring the origin of an allele.
As expected, different types of polymorphic markers in the OTC
gene or in its vicinity are known and include SNPs in the coding
region,”%% in the 5" untranslated region?! and extragenic micro-
satellite markers.!®1%22 Four SNPs, A-to-G in codon 46 in exon 2
(E2 46), A-to-T in intron 3 (IVS3-8nt), A-to-G in intron 4 (IVS4-7nt)
and A-to-G in codon 270 of exon 8 (E8 270), were found to be
informative among a US population,'” though their informativity
varied somewhat in the Iberian population and in the Mozambiquan
population.'® One additional SNP (IVS3-39_insT) was informative in
a Spanish population,®® indicating that informativity of these SNPs
varied between populations. The nine tagged SNPs we used in the
present study were all highly informative, except rs5963428, which
presented 0.095 heterozygosity in JPT (Table 1). These tagged SNPs
were all informative in CEU and YRI also, with the exception of
1512557315 in YRI. We thus considered it appropriate to apply these
tagged SNPs to define haplotypes in other ethnicities also. There
are several advantages of using these tagged SNPs in determining
haplotypes. First, these SNPs generally show high heterozygosity
frequency, allowing high informativity. Second, the tagged SNPs
are located over the entire span of the OTC gene, reducing mis-
diagnosis due to an extragenic recombination event when diagnosis
by linkage analysis is necessary in the absence of an identifiable
mutation, Third, it permits easy differentiation between intragenic
recombination and mutation of one particular marker single nucleo-
tide (both rare events). Finally, the analytical efficiency of this
technique is high as amplification and data acquisition of up to
seven specimens can be completed simultaneously within 90 min
under the conditions employed.

Both the p.R40H and p.R277W mutations arise in CpG dinucleo-
tides, which represent mutational hot spots, consistent with our
finding that they have recurred in different populations. Recurrent
point mutations occur evenly among most CpG dinucleotides in the
OTC gene.»'»1427 These two mutations arise in arginine codons, It is
not surprising that these single nucleotide changes have a higher
chance to recur than others, because four of six codons that encode
for arginine contain CpG dinucleotides. Indeed, scrutiny of a recent
OTC mutation update® reveals that 20 discrete mutations have
occurred in a total of 15 arginine codons (ratio: 20/15=1.33) in the
human OTC gene, whereas this ratio is less than 1.0 in the vast
majority of codons encoding for other amino acids.
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Haplotype 8 differed by one nucleotide from that in P. troglodytes,
whereas the other seven HT's exhibited two or three nucleotide
differences. This possibly indicates that HT8 is the oldest among
the eight HT’s identified in the present series. HTs 3 and 4
shared segments consisting of identical nucleotides (polymorphic
sites 5-9) and HT’s 4 and 7 had jointly another identical segment
(polymorphic sites 1-3) (Table 1). It is thus possible that HT3 and
HT7 were generated by a recombination of the HT4 allele with
another allele, or conversely HT4 was generated by a recombination
of HT3 with HT?7.

ACKNOWLEDGEMENTS

We thank Professor Ichiro Matsuda of the Health Sciences University of
Hokkaido for his encouraging discussion, Professor Walter Plochl of the
Department of Anesthesiology and Intensive care, Medical University of
Vienna and Professor Engelbert Plichl of the St Johannes Hospital Salzburg,
for their cooperation in collecting specimens. This work was supported

in part by a grant from the Japan Ministry of Education, Culture, Sport,
Science and Technology and by a grant from the Research Center for Innovative
Cancer Therapy of the 21th Century COE Program for Medical Science,
Kurume University.

1 Lindgren, V., de Martinvitle, B., Horwich, A. L., Rosenberg, L. E. & Francke, U.
Human ornithine transcarbamylase locus mapped to band Xp21.1 near the Duchenne
muscular dystrophy locus. Science 226, 698-700 (1984).

2 Horwich, A. L., Fenton, W. A., Williams, K. R., Kalousek, F., Kraus, J. P,
Doolittle, R. F. et al. Structure and expression of a complementary DNA for
the nuclear coded precursor of human mitochondrial ornithine transcarbamylase.
Science 224, 1068-1074 (1984).

3 Hata, A., Tsuzuki, T., Shimada, K., Takiguchi, M., Mori, M. & Matsuda, 1. Structure of
the human ornithine transcarbamylase gene. J. Biochem. 103, 302-308 (1988).

4 Maestri, N. E., Clissold, D. & Bruislow, S. W. Neonatal onset ornithine transcarbamylase
deficiency: a retrospective analysis. J. Pediatr, 134, 268-272 (1999),

5 Finkelstein, J. E., Hauser, E. R., Leonard, C. 0. & Brusilow, S. W. Late-onset ornithine
transcarbamylase deficiency in male patients. J. Pediatr. 117, 897-902 (1990).

6 Yoshino, M., Nishiyori, A,, Yamashita, F., Abe, H., Tanikawa, K., Ohno, T. ef al. Ornithine
transcarbamylase deficiency in male adolescence and adulthood. Enzyme
43, 160-168 (1990).

7 Harada, E., Nishiyori, A., Tokunaga, Y., Watanabe, Y., Kuriya, N., Kumashiro, R. ef al.
Late-onset ornithine transcarbamylase deficiency in male patients: prognostic factors
and characteristics of plasma amino acid profile. Pediatr. Int. 48, 105-111 {2006).

8 Tuchman, M., Jaleel, N., Morizono, H., Sheehy, L. & Lynch, M. G. Mutations and
polymorphisms in the human ornithine transcarbamylase gene. Hum. Mutat. 19,
93-107 (2002).

9 Yamaguchi, S., Brailey, L. L., Morizono, H., Bale, A. E. & Tuchman, M. Mutations and
polymorphisms in the human ornithine transcarbamylase (OTC) gene. Hum. Mutal.
27, 626-632 (2006).

10 Numata, S., Harada, E., Maeno, Y., Ueki, |, Watanabe, Y., Fujii, C. et al
Paternal transmission and siow elimination of mutant alleles associated with
late-onset ornithine transcarbamylase deficiency in male patients. J. Hum. Genet,
53, 10-17 (2008).

11 Tuchman, M., Morizono, ‘H., Rajagopal, B S., Plante, R J. & Allenwell, N. M.
Identification of ‘private’ mutations in patients with ornithine transcarbamylase
deficiency. J. Inherit. Metab. Dis. 20, 525-527 (1997).

12 Tuchman, M., Plante, R. J., Garcia-Pérez, M. A. & Rubio, V. Relative frequency of
mutations causing ornithine transcarbamylase deficiency in 78 families. Hum. Genet.
97, 274-276 (1996).

13 Matsuda, I. & Tanase, S. The ornithine transcarbamylase {0TC) gene: mutations in 50
Japanese families with OTC deficiency. Am. J. Med. Genet. 71, 378-383 (1997).

14 McCuliough, B. A., Yudkoff, M., Batshaw, M. L., Wilson, J. M., Raper, S. E. & Tuchman,
M. Genotype spectrum of ornithine transcarbamylase deficiency: correlation with the
clinical and biochemical phenotype. Am. J. Med. Genet. 93, 313-319 (2000).

15 Nishiyori, A., Yoshino, M., Kato, H., Matsuura, T., Hoshide, R., Matsuda, |. et al.
The R4A0H mutation in late onset itype of human ornithine transcarbamylase
deficiency in male patients. Hum. Genet, 99, 171-176 {1997).

16 Nishiyori, A., Yoshino, M., Tananari, Y., Matsuwre, T., Hoshide, R., Matsuda, {. et al.
Y55D Mutation in ornithine transcarbamylase associated with late-onset hyper-
ammonemia in a male. Hum. Mutat, 1 {Suppl), 131-133 (1998).

17 Ptante, R, J. & Tuchman, M. Polymorphisms in the human ornithine transcarbamylase
gene useful for allele tracking. Hum. Mutat. 12, 289-290 (1998). Mutation in brief
#193 Online.

18 Azevedo, L., Calafeli, F., Vilarinho, L. & Amorim, A. Haplotype analysis and phylogeny
of ornithine transcarbamylase polymorphism. Ann. Hum. Genet. 66, 379-385 (2002).

Journal of Human Genetics



Recurrent mutations in the human OTC gene
S Numata et al

22

19 Azevedo, L., Vilarinho, L., Teles, E. L. & Amorim, A. Ornithine transcarbamylase
deficiency: a novel splice site mutation in a family with meiotic recombination and a
new useful SNP for diagnosis. Mol. Genet. Metab. 76, 68-70 (2002).

20 Climent, C. & Rubio, V. H Intragenic polymorphisms and haplotype analysis in the
ornithine transcarbamylase (OTC) gene and their relevance for tracking the inheritance
of OTC deficiency. Hum. Mutat. 20, 407-408 (2002). Mutation in Brief #547 Online.

21 Azevedo, L., Stolnaja, L., Tietzeova, E., Hrebicek, M., Hruba, E., Vilarinho, L. ef a/, New
polymorphic sites within ornithine transcarbamylase gene: population genetics studies
and implications for diagnosis. Mol Genet. Metab. 78, 152-157 (2003).

22 Azevedo, L., Climent, C., Vilarinho, L., Calafell, F. & Amorim, A. Evidence for
mutational cis-acting factors affecting mutagenesis in the ornithine transcarbamylase
gene. Hum, Mutat. 24, 273 (2004). Mutation in Brief #739 Online.

23 Plochi, W., Spiss, C. K. & Pldchi, E. Death after transplantation of a liver from
a donor with unrecognized orpithine transcarbamylase deficiency. N. Eng. J. Med.
341, 921-522 (1999).

24 Barrett, J. C., Fry, B., Maller, J. & Daly, M. J. Haploview: analysis and visualization of LD
and haplotype maps. Bivinformatics 21, 263-265 (2005) [PubMed 1D 152973001,

25 Matsuda, i., Matsuura, T., Nishiyori, A, Komaki, S., Hoshide, R., Matsumoto, T.
et al. Phenotypic variability in male patienis carrying the mutant ornithine

Journal of Human Genetics

transcarbamylase (OTC) allele ArgdOHis, ranging from a child with an unfavourable
prognosis to an asymptomatic order adult. J. Med. Genet. 33, 645-648
(1996).

26 Antonarakis, S. E., Krawczak, M. & Cooper, D. N. The nature and mechanism of
human gene mutation. In The Metabolic and Molecular Bases of Inherited Disease
(eds. Scriver, C.R., Beaudet, A.L., Sly, W.S., Valle, D.) 8th edn. 343-377 (McGraw-Hill,
New York, 2001).

27 Arranz, J. A, Riudor, E., Marco-Marin, C. & Rubio, V. Estimation of the total number of
diseases-causing mutations in ornithine transcarbamylase (OTC) deficiency. Value of
the OTC structure in predicting a mutation pathogenic potential. J. Inherit. Metab. Dis.
30, 217-226 (2007).

28 Pinner, J. R., Freckmann, M.- L., Yoshino, M. & Kirk, £, P. Female heterozygotes
for the hypomorphic R40H mutation can have ornithine transcarbamylase
deficiency and present in early adolescence: two cases. J. Med. Case Report,
submitted.

29 Kim, G.- H., Choi, J.- H., Lee, H.- H., Park, S., Kim, S.- S. & Yoo, H.- W. ldentification
of novel mutations in the human ornithine transcarbamylase (OTC) gene of Korean
patients with OTC deficiency and transient expression of the mutant proteins in vitro.
Hum. Mutat. 27, 1159 (2006), Mutation in Brief #936 Online.




Journal of Pediatric Surgery (2009) 44, E33—E38

Journal of

Pediatric
Surgery

www.elsevier.com/lacate/jpedsurg

Management of undifferentiated sarcoma of the liver
including living donor liver transplantation as a
backup procedure

Hideaki Okajima®*, Yuki Ohya®, Kwang-Jong Lee®, Hidekazu Yamamoto?,
Katsuhiro Asonuma?®, Yuko Nagaoki®, Kazunori Ohama¢,

Masahiko Korogi®, Tadashi Anan”, Motohiro Hashiyama®,

Fumio Endo?, Kenichi Iyama®, Yukihiro Inomata®

“Department of Transplantation/Pediatric Surgery, Postgraduate School of Medical Science, Kumamoto University Hospital,
Kumamoto, Japan

®Department of Pediatrics, Ishikawa Central Prefecture Hospital, Kanazawa, Japan

*Department of Pediatric Surgery, Ishikawa Central Prefecture Hospital, Kanazawa, Japan

dDeparfment of Pediatrics, Postgraduate School of Medical Science, Kumamoto University Hospital, Kumamoto, Japan
“Department of Pathology, Posigraduate School of Medical Science, Kumamoto University Hospital, Kumanmoto, Japan

Received 14 July 2008; revised 13 October 2008; accepted 17 November 2008

Key words:

Undifferentiated sarcoma
of the liver;

Living donor liver

Abstract We present the cases of 3. children with huge undifferentiated sarcoma of the liver who were
treated with surgical excision including liver transplantation as an option and adjuvant chemotherapy.
All 3 patients were males aged 10, 13, and 15 years old: The size of the tumor was 10, 15, and 20 cm in
diameter, respectively. The youngest patient is disease fiee and doing well 43 months after resection.

transplantation The 13-year-old patient presented with tumor rupture and underwent operation. The primary tumor and
the ruptured tissue fragments were removed and he was given postoperative chemotherapy. The patient
is disease free and doing well 52 months after surgery. The oldest patient had an unresectable tumor in
the hilar region. Preoperative: chemotherapy was given but later discontinued owing to severe side
effects. He underwent living donor liver transplantation followed by postoperative chemotherapy. The
patient had recurrent tumor 24 months after fransplantation that was excised at reoperation. He is doing
well and is disease fiee 18 months after the second procedure. Complete removal of the tumor including
total hepatectomy and transplantation when indicated and suitable pre- and/or postoperative
chemotherapy is an effective treatment for children with undifferentiated sarcoma of the liver.
© 2009 Published by Elsevier Inc:

Undifferentiated sarcomas of the liver (USL) in children were poor, with a 5-year survival rate of 20% to 40% [1-8].
are often huge tumors and sometimes unresectable at the time The advent of effective chemotherapy and complete
of diagnoses. In the early 1980s, results of treatment for USL macroscopic removal of the tumor have yielded improved

results for children with- USL [9-11]. In patients with

* Corresponding author. Tel.: +81 96 373 5615; fax: +81 373 5616. unresectable tumor, total hepatectomy to remove the tumor

E-mail addyess: hokajimat@fe.kuh.kumamoto-u.ac.jp (H. Okajima). completely and: liver transplantation are some of the
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treatment options, However, the effects of immunosuppres-
sant therapy and chemotherapy on recurrence of disease are
not clear.

In this study, we describe 3 children with huge USL tumor
who were treated by surgical removal including liver
transplantation and chemotherapy.

1. Patients
1.1, Case 1

A 13-year-old adolescent boy presented to a local hospital
because of back pain while playing rugby football.
Laboratory data showed mild anemia, and abdominal
computed tomography (CT) scan showed a huge low-density
area in the right lobe of the liver. Initial laboratory data
included hemoglobin level (Hb) of 10.4 g/dL; hematocrit
(Hct) of 32.6%; red blood cell count (RBC) of 371 x 104 per
microliter; white blood cell count (WBC) of 3200 per
microliter; C-reactive protein concentration (CRP) of
1.42 mg/dL; glutamic oxaloacetic transferase (GOT) of
39 TU/L (normal range [NR], 10-34); glutamic pyruvic
transferase (GPT) of 40 TU/L (NR, 8-37); and lactate
dehydrogenase (LDH) of 322 TU/L. Serum alpha-fetoprotein,
carcinoembryonic antigen (CEA), and carbohydrate antigen
(CA19-9) levels and hepatitis serology were negative. The
initial diagnosis was traumatic hematoma. However, abdo-
minal ultrasonography and enhanced abdominal CT scan
showed a solid and cystic multilobular mass that was

compatible with USL and he was referred to our hospital
(Fig. 1A). As the severity of symptoms increased, rupture of
the tumor was suspected and he underwent emergency
laparotomy. Tumor rupture was confirmed at operation
(Fig. IB). The entire tumor including portions of the ruptured
tissues was removed and postoperative chemotherapy using
vineristine (VCR), adriamycin D (ADR), cyclophosphamide,
cisplatin (CDDP), and VP16 was administered. The size of
the tumor was 20 cm in diameter. Histologic findings showed
USL (Fig. 1C). Immunohistochemistry of the tumor revealed
vimentin (+), al-antitrypsin (+), desmin (+), cytokeratin (—),
CD34 (), and S-100 protein (—). The patient has been doing
well and is disease free 52 months after resection.

1.2. Case 2

A 10-year-old boy visited a local hospital because of
symptoms consistent with gastroenteritis, Abdominal ultra-
sonography showed a huge homogenous liypoechoic mass in
the right lobe of the liver and he was referred to our hospital.
Enhanced abdominal CT scan showed a large low attenuation
mass occupying the right lobe of the liver (Fig. 2A), and an

open biopsy was performed to confirm a tissue diagnosis of

tumor to facilitate preoperative chemotherapy. Unfortu-
nately, intraoperative histologic findings from 3 different
parts of the tumor showed only connective tissue surroun-
ding the tumor and blood tinged gelatinous clot inside the
tumor. Laboratory data included Hb of 10.2 g/dL; Het of
31.3%; RBC of 375 x 10* per microliter; WBC of 6100 per
microliter; CRP of less than 0.1 mg/dL; GOT of 25 TU/L;

Fig. 1 A, Enhanced abdominal CT scan shows a large low attenuated mass in the right lobe of the liver. B, The tumor was composed of
friable necrotic tissue, gelatinous material, and pseudocapsule. C, Diffuse proliferation with immature spindle cells.
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Fig. 2 A, Enbanced abdominal CT scan shows a large low attenuated mass in the right lobe of the liver. B, The tamor was composed of
friable necrotic tissue, gelatinous material, and pseudocapsule. C, Diffuse proliferation with immature spindle cells.

GPTof 19 TU/L; and LDH of 437 IU/L. Serum CA19-9 level
was 44.3 IU/L (NR, <37). Serum alpha-fetoprotein and CEA
as well as hepatitis serology were negative. He was initially
diagnosed with a traumatic hematoma. A drainage tube was
inserted into the tumor for | month, with approximately
10 mL of bloody discharge draining per day, but the size of
the mass did not change. We therefore decided to remove the
mass surgically. The tumor was removed completely, with
right lobectomy of the liver. The tumor was 10 cm. in
diameter and weighed 380 g (Fig. 2B). Histologically, the
tumor consisted of a fibrous pseudocapsule and a compact
area of spindle cells, findings . compatible with. USL
(Fig. 2C). Immunohistochemistry of. the tumor- revealed
vimentin (+), o l-antitrypsin (+); desmin (+), cytokeratin (),
CD34 (-), and S-100 protein (—). Postoperative chemother-
apy using VCR, adriamycin D, cyclophosphamide, CDDP,
and VP16 was administered. The patient has been doing well
and is disease fiee for 36 months after resection,

1.3..Case 3

A 15-year-old adolescent boy visited a local: hospital
because of jaundice and was diagnosed with a 15-cin tumor
at the hilar region of the liver (Fig. 3A). Laboratory data
included Hb of 12.0 g/dL; Het of 37.2%; RBC of 403 x 104
per microliter; WBC of 9100 per micioliter; CRP of fess than
0.1 mg/dL; GOT of 100 IU/L; GPT of 77 IU/L; and LDH of
240 IU/L. Serum CA19-9 level was 353.4 TU/L (NR, <37).
Serum - alpha-fetoprotein and CEA as well as hepatitis
serology were negative. Percutaneous needle biopsy of the
tumor. was performed and yielded - histologic findings

compatible with USL. Neoadjuvant chemotherapy including
VCR (2 mg/d), actinomycin D (0.5 mg/d), and cyclopho-
sphamide (2.2 g/d) was administered. However, the
chemotherapy had to be discontinued owing to severe side
effects including bone marrow suppression and sepsis.
Surgical removal was considered but the tumor was still
considered unresectable (Fig. 3B). An extended right
lobectomy of the liver, along with resection of the left
main portal vein and placing a jump graft between the portal
trunk and the umbilical portion of the portal vein, was
considered, but the extent of tumor invasion of the portal
vein and hepatic artery was unclear, We therefore prepared
for living donor liver transplantation as a backup procedure.
During the operation, we exposed all the vessels and bile
duct in the hilum of the liver and found that the tumor had
invaded the entiie length of the portal vein bifurcation and
hepatic arteries. Hence, we abandoned an attempt at partial
hepatectomy and decided to proceed with total Hepatectomy
and liver transplantation. The donor was the patient’s mother
who had an identical blood type. The donor graft was the left
lateral segment; the graft weight/recipient body weight ratio
was 0.7. In the recipient, the entire liver, including the entire
tumor, was removed. The total operative time was 14 hotirs
and 11 minutes, and blood loss was 1605 mL. He recovered
uneventfully and was discharged 14 days after transplanta-
tion. Histologic findings of the tumor were compatible with
USL (Fig. 3C). Immunohistochemistry of the tumor revealed
vimentin (+), otl-antitrypsin (+), desmin (=), cytokeratin (-),
CD34 (-), and S-100 protein (-). He was readmitted to his
local hospital for postoperative chemotherapy consisting of
VCR (1 mg/mo), actinomycin D (0.5 mg/mo), and
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Fig. 3 A, Enhanced abdominal CT scan before chemotherapy shows a large heterogeneous low-density mass occupying the hilar region of
the liver. B, Follow-up CT scan after one cycle of chemotherapy shows a marked reduction in the size of the primary tumor; however, it still
occupies the hilum of the liver. C, A solitary stromal tamor is seen at the hilar region of the explanted liver. D, Diffuse proliferation with

immature spindle cells.

cyclophosphamide (600 mg/mo). The patient had a recurrent
tumor at the hilar region of the liver 24 months after
transplantation. The recurrent tumor was removed surgically
and he was treated with additional postoperative chemothe-
rapy with VCR, adriamycin D, cyclophosphamide, CDDP,
and VP16. The patient has done well and is disease fiee
18 months after the second procedure.

2. Discussion

In the early 1980s, results of treatment for USL were not
satisfactory, with the 5-year survival rate ranging from 20%
to. 40%. |1-8].. The advent of effective: chemotherapeutic
regimens and complete macroscopic removal of the tumor
have yielded better results for children with USL [9-11}. Kim
et al [9] described 6 children with USL treated by surgical
removal and chemotherapy, 5 of whom: were alive without
recurrence at a mean follow-up of 63 months: Bissogno et al.
[10].1eported 17 cases: of USL, including 2 with ruptured
tumor, treated by surgical removal and pre- and/or post-
operative chemotherapy: Ten of these children are alive; with
follow-up ranging from 2.4 to 20 years, inchuding one of the
children with a ruptured tumor.

Undifferentiated sarcoma of the liver most frequently
occurs. in patients between 5 and: 15 years-of age. Clinical
manifestations include no: specific abnormalities on labora-
tory evaluation and variable degrees of cystic mass noted on

abdominal CT and ultrasonography. In our series, only mild
anemia and mild elevation of serum transaminases were
detected. Radiologic methods, including CT and ultrasono-
graphy scans, cannot differentiate USLs from mesenchymal
hamartomas. The latter usually present in younger patients,
up to 2 years old {12}, and they often have elevated seriin
alpha-fetoprotein levels. The serum alpha-fetoprotein in this
series was negative in each case. However, some patients
with USL may also present at less than 1 year of age [10].
Regarding the immunohistchemical studies of the tumor, all
3 tumors were positive for vimentin and ol-antitrypsin, 2
were positive for desmin, and all 3 tumors were negative for
cytokeratin, CD34, and S-100 protein.

In the second case, treatinent was delayed because of
misdiagnosis of the tissue biopsy from the capsule of the
tumor and the gelatinous coagulum fluid aspirated from the
cystic region for cytology. Because USL may be composed
of several compartments (ie, cystic and solid regions),
needle biopsies from several areas are needed to achieve an
accurate - diagnosis. Chowdhary et al [13] have also
reported misdiagnosis with an initial biopsy in a patient
with- USL. However, USL “should” be' considered: in the
differential diagnosis of children with variable degrees of
cystic' liver mass,

Recently, the outcomes of patients with USL have
improved after treatment with multiagent chemotherapy.
Although it is difficult to determine which of the drugs are
most effective, CDDP and ADR seem to be generally
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