LDLT in 10 of 11 PFICI recipients (91%), whereas
the PFIC2 recipients showed no digestive symp-
toms. PFICI associated with severe liver steatosis
and/or steatohepatitis may lead to cirrhosis over
time, and to indications for retransplantation (1).
However, liver steatosis and diarrhea may occur
even after retransplantation (1). In LDLT, donor
selection is very limited ethically, socially and
medically. In Japan in particular, expansion of
deceased-donor LT is not yet in sight, although the
govermmental legislation for organ transplantation
was revised in 2009, There are no affirmations for
repeated retransplantation that may collateralize
the long-term outcomes of pediatric PFICI recip-
tents, The outcomes of PFICI recipients after

LDLT are still not sufficient, based on our data.

and a previous report (22). Our actual results for
the early post-operative occurrences of steatosis
and fibrosis oblige us-to reconsider the timing of
LDLT and to challenge some other therapies for

PFICI patients. Previously, partial external bifiary -

diversion (PEBD) has been documented as a
surgical procedure for PFIC patients (23, 24).
Some patients with PFIC1 or PFIC2 may also
benefit from surgical biliary diversion (25-27). The
criteria for identifying those PFICI/2 patients who
could benefit from UDCA or biliary diversion
remain unclear (14). We clearly understand that
LT represents the only alternative if these therapies
fail (28). Although we do not have sufficient
expericnce of PEBD for PFICI, we now take this
anticipatory surgery before LDLT into consider-
ation, if the overall considerations including donor
limitations and the patient status indicate the
permissive possibility. We understand that PFICI
patients who cventually have refractory circhosis
will finally require LT, and we do not consider that
PFIC1 contraindicates LDLT because not afl of
our PFICI recipients necessavily suffered graft
losses after LDLT. Based on our results, LDLT
accorapanied by TEBD appears to be rather better
than PEBD from the viewpoints of the etiology in
PFICI and graft protection after LDLT.
Although PFICI and PFICZ share similar lab-
oratory findings, the initial evolution of cholestasis
in PFIC2 patients is tore severe than in the other
PFIC types. Hepatocellular carcinoma may com-
plicate the course. As patients with BSEP defi-
ciency accompanied by biallelic truncating
mutations have a considerable risk for hepatobil-
iary malignancy (15% of patients develop hepato-
cellular catcinoma or cholangiocarcinoma) (29,
30), close monitoring of malignancy in PFIC2
patients is justified. The histopathological findings
reveal more perturbed liver architecture than
PFICI, with more pronounced lobular and portal

LDLT for PFIC patients

fibrosis and inflammation. Hepatocellular necrosis
and giant cell transformation are also much more
pronounced in PFIC2 than in PFICI. These
differences between PFICI and PFIC2 probably
reflect the severe lobular injury in PFIC2 (4, 9, 10).
PFIC2 is caused by mutations in the ABCBI | gene
(designated BSEP) (8). The BSEP gene encodes the
ATP-dependent canalicular BSEP of the liver and
is located on human chromosome 2. The mecha-
nism is shown in Fig. 2C.

PFIC3 can be distinguished from the other types
of PFIC because it rarely presents with cholestatic
jaundice in the neonatal period, and instead occurs
later in infancy and childhood and even in young
adulthood. The evolution of the cholestasis is
characterized as chronic icteric or anicteric. How-
ever, adolescent and young adult patients have
cirrhotic symptoms owing to portal hypertension
that may result in liver failure. PFIC3 is caused by
genetic mutations in the ABCB4 gene (designated
MDR3) located on chromosome 7. MDR3 is a
phospholipid translocase involved in biliary phos-
pholipid (phosphatidylcholine) excretion and is
predominantly expressed in the canalicular mem-
brane of hepatocytes (31). Cholestasis results from
toxicity of the bile, in which detergent BSs are not
inactivated by phospholipids, thus leading to bile
canaliculi and biliary epithelium injuries. A sche-
matic imechanism for PFIC3 is proposed in
Fig. 2D.

The mechanism of PFICI is still unclear. To our
knowledge, the downregulation of cystic fibrosis
transmembrane conductance regulator in cholan-
giocytes has been reported in PFICI, and this
downregulation could contribute to the impair-
ment of bile secretion and explain some of the
extrahepatic features (32). The FIC1 gene is
expressed in various organs, including the liver,
pancreas, small intestine, and kidney, but is more
highly expressed in the small intestine than in the
liver (33). Therefors, enterohepatic cycling of BS
should be considered in PFICI, and this is a
possible explanation of our experiences that PRIC!
recipients easily showed steatosis/steatohepatitis
even after LDLT and that PFIC2 recipients
showed no steatosis/steatohepatitis after LDLT.

Only one mutated allele or no mutation is rarely
identified in a few PFIC patients (<10%) (1).
Mutations that may map to regulatory sequences
of the genes are a possible explanation for these
findings. A gene involved in the transcription of
the PFIC genes (i.e., FXR) or in protein trafficking
could also be involved (34, 35). It cannot be
negated that other unidentified genes involved
in bile formation may be responsible for the
PFIC1/2/3 phenotypes. Furthermore, it can be
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hypothesized that combined heterozygous muta-
tions for MDR3 and BSEP lead to PFIC:like
phenotypes (36). Another possible explanation is
that the mutated protein may have a dominant-
negative effect on the expression and/or function of
the protein in a heterozygous state (37). Modifier
genes and environmental influences could play
roles in the expression of PFIC (3). The possibility
of recurrence of PFIC after LT owing to alloim-
munization of the recipient against the FICI,
BSEP or MDR3 proteins of the liver donor
remains a theoretical matter of debate (1). It is
hypothesized that PFIC patients with a severe
mutation leading to the absence of the gene
product would be immunologically naive for the
FIC1, BSEP or MDR3 gene products. Moreover,
alloimmunization necessarily occurs after LT.
Although evidence regarding this possible hypoth-
esis after LT has not been reported (28, 38), a case
of a PFIC2 patient who experienced an unex-
plained severe bout of pure hepatocellular chole-
stasis resembling PFIC2 after deceased-donor LT
has been reported (1). In the case of LDLT based
on donor relationships with parents, it can be
expected that the heterozygous status of the liver
allograft leads to a predisposition for developing
lithiasis or cholestasis favored by immunosuppres-
sive drugs (39) that may interfere with canalicular
protein function, as reported in a PFIC2 patient
(1). We consider that this possibility is very rare as
there is only one previous report (1), and we
performed LDLT in which the donor origins were
parents in 10 of 11 recipients (91%) without PFIC
recurrences and a previous series of LDLT for
PFIC is already documented (38), Our data and a
review of the mechanisms by which previous
papers have demonstrated that PFIC2 is indicated
for LT, including LDLT, as a definitive therapy,
similar to other diseases indicated for LT, and also
that the clinical courses and outcomes after LDLT
are still not sufficient for PFICI recipients owing to
early post-operative steatosis/fibrosis. Although
PFICI patients will require LT during the [ong-
term progression of the disease, we suggest that
LDLT for PFICI may be reconsidered especially
with regard to the timing of LDLT under the
current donor shortage. Moreover, the establish-
ment of alternative and/or anticipatory strategies
for LDLT induction is needed to improve the long-
term prognosis of PFICI.
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Abstract: CPS1 is a mitochondrial matrix enzyme that catalyzes the first
committed step of the urea cycle, the primary system for removing
nitrogen produced by protein metabolism using N-acetylglutamate.
Patients with CPS| deficiency have severe hyperammonemia that results
in serious neurologic sequelae and sometimes death, LT has been
indicated for neonatal-onset CPSI deficiency. This study retrospectively
reviewed five children with a diagnosis of CPS1 deficiency who under-
went LDLT [rom heterozygous donors, Between November 2005 and
May 2010, 124 children underwent LDLT with an overall patient and
graft survival of 91.0%. Five patients were indicated for LDLT because
of CPS1 deficiency. All recipients achieved resolution of their metabolic
derangement, without donor complication, with a normal feeding reg-
imen without medication for their original metabolic liver disease.
LDLT, even from heterozygous donors, appears to be a feasible option,
associated with a better quality of life for treating patients with CPS1
deficiency. Long-term obscrvation may therefore be necessary to collect
sufficient data to confirm the efficacy of this treatment modality.
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CPSI is a mitochondrial matrix enzyme that
catalyzes the first committed step of the urea
cycle, the primary system for removing nitrogen
produced by protein metabolisn using N-ace-
tylglutamate. CPS1 deficiency is a rare autosomal
recessive genetic disorder, which affects approx-
imately one in 800 000 live births in Japan, and is
characterized by episodes of life-threatening
hyperammonemia in the neonatal period (1).
Infants with a CPS! deficiency usually appear
normal at birth, but deteriorate within the first
48-78 h of life as ammonia accumulates in the
body corresponding to the infant's increase in
milk intake (2).

Abbreviations: CPS!1, carbamoyl phosphate synthetase 1;
DQ, developmental quotient; LDLT, living-donor liver
transplantation; LT, liver transplantation; HDF, hemodia-
filtration; HRLLS, hyper-reduced left lateral segment; LLS,
left lateral segment,
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The initial medical treatment of CPSI1 defi-
ciency-based hyperammonemia consists of pro-
tein restriction, and arginine, sodium benzoate,
sodium  phenylacetate/phenylbutyrate,  and
carnitine supplementation (3). These treatments,
however, are not always sufficient for avoiding
the accumulation of ammonia and recurrent
hyperammonemia, which results in serious
neurologic sequelae and can even lead to death
(4). The prognosis of patients with neonatal-
onset CPS! deficiency is generally poor, with
66.7-76.9% of the patients reported to die from
irreversible brain edema despite intensive medical
treatment (1, 5).

LT may offer a complete cure for genetically
acquired errors in the liver metabolism (6).
Recent case studies have reported the benefits
of LT in CPSI deficiency, demonstrating that
correcting hepatic enzyine deficiency by LT leads
to clinical improvements, including a normal



feeding regimen, better quality of life, and
fewer developmental delays, without the risk of
recurrent hyperammonemia. The present report
describes our recent experience with LDLT in
five CPS1 deficiency patients.

Patients and methods

Between November 2005 and May 2010, 124 children
underwent LDLT in our center, with an overall patient and
grafl survival of 91.0%. The diagnosis of CPSI deficiency
was made by amino acid analysis and/or mutation analysis
of the peripheral blood lymphocytes in all five cases. Med-
ical records were reviewed for the following: personal and
family history, physical findings, laboratory data, histologic
reports, surgical records, and special findings obtained by
cardiologists, nephrologists, gastroenterologists, and radi-
ologists. Developmental delay was measured using the DQ,
which is normally used to express aspects of a child’s
development in a manner similar to the intelligent quotient
(7). The DQ scores could be divided into the four degrees,
given that normal development (270), mild delay (69-60),
moderate delay (59-50), severe delay (250}, according to the
scale.

Five heterozygous donor candidates were evaluated by
standard liver function tests, blood group combination,
anatomic variation, and graft size maiching, which showed
normal liver function and serum ammonia/amino acid
levels.

All patients underwent LDLT using a standard proce-
dure. Veno-venous bypass was not used, because total
clamping of the inferior vena cava could be avoided in all
cases, Tacrolimus and low-dose steroids were used for initial
immunosuppression. Tacrolimus administration was started
on the day after transplantation. The target whole blood
trough level of tacrolimus was 10-12 ng/mL for the first two
wk, approximately 10 ng/mL for the following two wk and

Table 1. Living donor T for CPS1 deficiency

LDLT for CPSI deficiency

8-10 ng/mL therealter. Treatment with steroids was initi-
aled at the time of graft reperfusion at a dose of 10 mg/kg,
tapered from 1.0 to 0.3 mg/kg/day during the first month,
and was withdrawn within the first three months. This study”
was approved by the institutional review board, and
informed consent was obtained from all the cases.

Results

Table | shows a profile of the recipients involved
in this study. The patients presented with irrita-
bility, a diminished oral intake, vomiting, and
then somnolence/lethargy within the first 24-72 h
of life. The diagnosis of CPS1 deficiency was
initially made by amino acid analysis at initial
serum and urine screening, because of elevated
serum  glutamine  (909.3-3724.6 pov)/ornithine
(115.8-664.5 uM), and decreased serum citrul-
line/urinary orotic acid (Table 2). The peak
serum ammonia level in the patients ranged from
300 to 1445 pg/dL. The emergency pharmaco-
logic management protocol for the patients in
our center consisted of reversal of the catabolic
state through caloric supplementation and phar-
macologic scavenging of excess nitrogen. Treat-
ment of the patients was pursued as quickly as
possible (2). Three patients (cases #1, 2, 5) whose
serum ammonia was > 500 pg/dL and/or whose
ammonia level did not decrease after a high-
calorie infusion and pharmaceutical treatment,
received 1-3 courses of conlinuous veno-venous
HDF. Case #3, who had a family history with a
female child who died from recurrent hyperam-
monemia at four months: of age, and who were

BW  Onset Peak NH3 Hyperammonemic  Neurological Graft Followr-up
Case Age Sex (kg} (days} {pg/dl} Mutations episode (HOF) impairment  Donor  type  DQ {yr) Outcome
1 4 months F 61 3 1412 fs514x/{sb14s 5 (3] Yes Mother HRLLS 56 2 Alive
& months F 68 2 1445 fs514x/R850H 3 (2) Yes Father (LS 50 25 Alive
3 8 months F 80 1 300 fs514x/R233H 2 (0) No Mother LLS 7% 18 Alive
4 10 months F 82 3 605 p668s/— 4 (0) Yes Mather  LLS 88 1 Alive
5 2y 7months  F 140 2 1370 fsB36x/R587H 2 {1) Yes Mother  LLS 50 4 Alive
*Prenatal diagnosis.
Table 2. Serum amino acid levels before and after LT
Case 1 Case 2 Case 3 Case 4 Case 5
Reference range {4} Before After Before After Before After Before Afler Before After
Glutamine 422.1-703.8 32746 6976 3928 7731 10229 7798 9083 602.4 1526.0 5236
Glycing 151.0-351.0 866.4 1118 1976 266.1 1495 2532 1874 384.7 2178 2218
Alanine 208.7-522.7 21327 2177 2183 5134 3170 366.3 4424 468.3 13986.7 3665
Citrulline 17.1-428 Trace Trace Trace Trace 9.2 42 7.9 8.1 Trace Trace
Ornithine 31.3-104.7 1558 17.7 6645 829 147.0 55.2 1158 411 1389 61.5
Argining 53.6-133.6 288 356 1103 277 51.6 363 383 350 816 458
1037



Kasahara ¢t al,

identified prenatally as being at risk for a CPSI
deficiency, chose to have their infant treated
according to a diagnostic and therapeutic proto-
col (2).

Even after successful treatment for the first
hyperammonemic coma, all patients again accu-
mulated ammonia and experienced several
episodes of hyperammonemia (mean: 3.2 £ 1.2
times), which necessitated intensive care treat-
ment. Maintenance therapy for these five patients
consisted of protein restriction (1.23 + 0.20 g/
kg/day natural protein), and supplementation of
arginine  (302.0 + 148.1 mg/kg/day), sodium
benzoate (222.0 + 99.6 mg/kg/day), sodium
phenylbutyrate (386.7 + 46.2 mg/kg/day), and
carnitine (45.0 £+ 32.8 mg/kg/day). Four
patients (except for case #3, who was diagnosed
prenatally) showed low mental development.
Phenobarbital as an anti-epileptic was adminis-
tered to cases #1, 2, and 5. All of the patients had
nasogastric tubes because of significant feeding
disturbance. The main indication for LDLT was
poor metabolic control in all the patients.

LDLTs were performed at four, six, eight, and
11 months, and two yr seven months of age,
respectively. Because of the small body weight of
the recipients, one HRLLS and four LLSs were
used as liver grafts (8) (Table 1). The mean graft-
to-recipient weight ratio was 3.05 + 0.29%. The
duration and blood loss of the recipient surgery
ranged from 431 to 623 min and 236 to 712 g.
Cold and warm ischemic times ranged from 26 to
91 min and 26 to 58 min, respectively.

All donors were uneventfully discharged from
the hospital within seven postoperative days.
None of the donors showed consistent signs of
hyperammonemia in the early postoperative
period, and all have been doing well without
any episodes suggestive of hyperammonemia.

The histopathologic examination of the
explanted liver revealed microvesicular steatosis
in all cases. All of the donors were discharged
from the hospital within eight days of the
operation and are currently doing well without

Table 3. Worldwide experience in LT for neonatal onset CPS1 deficiency

any complications. The post-LDLT course was
uneventful in cases #3 and #4. Case #2 showed
biliary stricture, which was successfully managed
with radiologic intervention. Cases #1 and #5
showed histologically proven acute cellular rejec-
tion episodes and were managed with steroid
bolus injection. All children are currently doing
well with a normal graft function at a follow-up
of 1-4 yr after LDLT. Although the post-trans-
plant DQ levels at the last time of follow-up,
which were 56, 50, 74, 88, and 50, respectively,
were not sufficient in our cases, there has been a
marked improvement in the patients’ quality of
life after the successful LT. All patients achieved
resolution of their metabolic derangement and
were freed from the nasogastric tube and are now
on a normal feeding regimen without any med-
ication for the original metabolic liver disease.

Discussion

The aim of this study was to evaluate the
outcome in patients who underwent LT for
neonatal onset of CPS] deficiency. As the liver
is the only organ in which ammonia is signifi-
cantly transformed to urea through the Krebs
urea cycle, LT has been considered as a radical
alternative therapy. It is not known how many
liver transplants have been carried out for CPS1
deficiency, as The Urea Cycle Disorders Consor-
tium is currently collecting data on CPSI defi-
ciency patients who have undergone LT (9).

To the best of our knowledge, there have been
seven detailed cases of LT for neonatal onset of
CPS! deficiency reported worldwide in the
English literature, not including the present cases
(Table 3; 4, 5, 10—13). The median age of LT in
these prior studies was 10 months (range,
14 days to six yr). Six of the seven patients were
alive with excellent graft function at the time of
publication. One patient with secondary biliary
cirrhosis because of biliary anastomotic stricture
was listed for re-transplantation. Five of the
seven patients had neurologic impairment even

Case  Age yr} Sex  Donor Onset Peak NH3 {ng/dl)  Neurological impairment  Follow-up Outcome Reference
1 14 days M Deceased 2 days 514 Yes 37 months Alive 5

2 3.5 months M Decessed 27h 143t Yes >30 months Alive {listed for ReTx)* 4

3 5 months M Deceased 30days 979 No >30 months Alive 4

4 10 months F Living 1 days 589 No 2 yr 4 months  Alive 10

5 tyr2months M Deceased 30days 629 Yes 10 months Alive 11

6 Ty8months M Deceased 2days 1800 Yes 18 months Died {Pneumonia) 12

7 6yr - Deceased - - Yes 2y Alive 13

*Secondary biliary cirthosis because of biliary anastomotic stricture,
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after successful LT. It has been reported that the
extent of neurologic impairment in urea cycle
disorders is strongly related to the degree and
duration of the serum ammonia elevation (13).
As a result of radical treatment with pharmaco-
logic scavenging of excess nitrogen in early
infancy, the prognosis of CPSI deficiency has
improved dramatically; however, 72.7% of the
patients in these prior studies had already
showed developmental delay at the time of LT
(10, 14). For our study, we introduced continu-
ous veno-venous HDF for the patients with
neonatal onset of hyperammonemia if their
serum ammonia level was continuously over
500 pg/dL and/or their ammonia level did not
decrease with high-calorie infusion and pharma-
ceutical treatment. Prompt reduction of the
serum ammonia level might be the most impor-
tant contributor to patient survival and quality
of life in neonatal onset of CPS! deficiency.

In this study, no negative impacts of the use of
heterozygous carriers as donors on either donors’
or recipients’ postoperative course have been
observed to date. With respect to the use of
heterozygous donors in our review of the patients
with CPSI deficiency, there were no descriptions
of mortality or morbidity related to the use of
heterozygous donors. Nevertheless, the advis-
ability of using heterozygous carriers as donors

should be considered uncertain in some urea -

cycle deficiencies. With regard to the other
disorders, asymptomatic heterozygous carriers
will be employed only if there are no other
candidates. In such situations, liver tissue must
be extracted for enzymatic and/or genetic anal-
yses. A part of the tissue should be used to
investigate the correlation between genetic errors
and enzyme activities, and the remainder must be
preserved for future analyses to precisely evalu-
ate the impact of the use of heterozygous carriers
for disorders on the risk and safety of both
donors and recipients. It remains essential to
conduct worldwide multicenter studies.

Even after successful treatment of severe
hyperammonemia with pharmaceutical treat-
ment with/without HDF, however, most of the
surviving patients still require a considerable
treatment regimen and may have handicaps that
include impairment of development because of
recurrent episodes of hyperammonemia (15). Tt
has been reported that patients with neonatal
onset of urea cycle disorders showed remarkable
gains in their development after successful LT
(13). Given the risk of continued neurologic
compromise, the potential for improvement of
development represents a major benefit of
performing early LT. As such, we recommend

LDLT for CPSI deficiency

early LT for the patients with neonatal onset
CPS|1 deficiency because it appears that LT can
reduce the magnitude of progressive neurologic
disability as a result of poor metabolic control.

The shortage of full-size grafts from pediatric
donors once produced high waiting-list mortality
in the pediatric population and prompted the
identification of alternative graft sources for
pediatric patients (16). To increase the supply
of appropriate-sized organs for pediatric recipi-
ents, the techniques of reduced, split, and LDLT
grafting were developed (17). Implantation of
LLS grafts, however, can be a problem in small
infants such as those in our series, because of a
targe-for-size graft. Hyper-reduced left lateral
segmental LT has been recently introduced for
small infants to mitigate the problem of large-
for-size graft (8). The use of a hyper-reduced left
lateral segmental graft was indicated if the graft-
to-recipient weight ratio was estimated to be over
4.0% in preoperative CT volumetry. This proce-
dure produced satisfactory results in our four-
month-old patient. Tailoring the graft size
according to infant size is a safe and useful
alternative to pediatric LT. Although hepatocyte
transplantation and gene therapy are promising
new approaches for the treatment of neonatal-
onset metabolic liver diseases, only limited suc-
cess has been reported to date (18). Therefore,
until the aforementioned technologies can be
developed for wider application, LT is currently
the only definitive therapy for these patients,
which has been associated with significant
improvement in patient outcomes. In the
neonates with hyperammonemia from CPSI
deficiency, early aggressive pharmaceutical
treatment with supportive HDF can minimize
progressive neurologic disability and infant
mortality, so that early LT can be performed
with excellent patient and graft survival. Long-
term observations may, however, be necessary to
obtain sufficient data and establish a clear
protocol for this treatment modality.
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[Summary]
[Background] 1n Japan, about 130 pediatric liver transplants are performed every year. However, detaited nation-
wide data about risk factors and complications of pediatric liver transplantation have not been fully analyzed. The
aim of this study was to present an overview of our experience and to clarify important parameters necessary for
nationwide statistics of pediatric liver transplant in the fiture,
{Methods] From November 2005 to August 2009, 100 living donor liver transplantations (LDLT) for children aged
<18 years were performed in our institution. The recipients consisted of 46 boys and 54 girls aged between |
month and 18 years {median age, 14 months). The analyzed parameters include primary disease (indication), preop-
crative status, model for end-stage liver disease (MELD)/pcdiatric end-stage liver discase (PELD) score, rejection,
post-transplant complications, patient survival, duration of hospitalization, and cause of death. We also compared
our data with nationwide statistics from 20006 to 2008,
[Results] As for indications, cholestatic disease was significantly less frequent than nationwide statistics and there
was a higher incidence of metabolic diseases and fulminant Hver fuilures. Moreover, infants aged<12 months ac-
counted for 46% of recipients in our institutton. The overall I-year and 3-year survival rates were 90% and 87.1%,
respectively, with 2 mean follow-up duration of 14:£27 months {range, 1-56 months). The risk factors of long-term
hospitalization 260 days were a MELD/PELD score =20 and acute cellular rejection. In fulminant hepatic faiture,
acute cellular rejection developed more frequently (p=0.02)
[Conclusion] We summarized our experience of 100 pediatric LDLT. A MELD/PELD score of 20 or more and
acute cellular rejection were risk factors for long-term hospitalization, although they were not related to putient sur-
vival in pediatric LDLT.

Keywords: living donor liver transplantation (LDLT), pediatric patients
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Successful Heterozygous Living Donor Liver
Transplantation for an Oxysterol 7a-Hydroxylase
Deficiency in a Japanese Patient

Tatsuki Mizuochi,’ Akihiko Kimura,' Mitsuyoshi Suzuki,? Isao Ueki,' Hajime Takei,® Hiroshi Nittono,®
Toshihiko Kakiuchi,* Takanobu shigetcx,d Seisuke Sakamoto,? Akinari Fukuda,* Atsuko Nakazawa,®
Toshlaki Shimizu,? Takao Kurosawa,® and Mureo Kasahara?

'Department of Pediatrics and Child Health, Kurume University School of Medicine, Kurume-Shi, Fukuoka,
Japan; 2Department of Pediatrics, Juntendo University School of Medicine, Bunkyo-Ku, Tokyo, Japan;
3Institute of Bile Acids, Junshin Clinic, Meguro-Ku, Tokyo, Japan; Depariments of *Transplant Surgery and
SClinical Pathology, National Center for Child Health and Development, Setaga ya-Ku, Tokyo,

Japan and ®fFaculty of Pharmaceutical Sciences, Health Sciences University of Hokkaldo,
Ishikari-Tobeftsu, Hokkaido, Japan

Only 2 patients with an oxysterol 7a-hydroxylase deficiency caused by mutations of the cytochrome P450 7Bt (CYP7B1)
gene have been reported; for both, the outcome was fatal. We describe the clinical and laboratory features, the hepatic and
renal histological findings, and the results of bile acid and CYP7B1 gene analyses for a third patient. This Japanese infant
presented with progressive cholestatic liver disease and underwent successful heterozygous living donor liver transplanta-
tion. Sources of relevant data included medical records, hepatic and renal histopathological findings, gas chromatography/
mass spectrometry analyses of bile acids in serum and urine samples, and analyses of the CYP7BT gene in the DNA of
peripheral blood lymphocytes. Large excesses of 3f-hydroxy-5-cholen-24-oic acid were detected in the patient's serum and
urine. Cirrhosis and polycystic changes in the kidneys were documented. The demonstration of compound heterozygous
mutations (R112X/R417C) of the CYP781 gens led to the diagnosis of an oxysterol 7«-hydroxylase deficiency. After liver
transplantation with an allograft from a heterozygous living donor (the patient’s mother), the features of decompensated
hepatocellular failure abated, and the renal abnormalities were resolved. [n conclusion, we report the first Japanese
patient with an oxysterol 7a-hydroxylase deficiency associated with compound heterozygous mutations of the CYP7871
gene; in this patient, liver transplantation with an allograft from a parental donor was effective. Liver Transpl 17:
1059-1065, 2011, 2 2011 AASLD,

Received December 21, 2010; accepted April 12, 2011,

Nine inborn errors of bile acid synthesis are catego-
rized as inherited metabolic liver discases.' One of
these inborn errors of bile acid synthesis, an oxysterol
7u-hydroxylase deficlency, was first described by
Setchell et al.? and is due to autosomal recessive in-
heritance. The gene encoding oxysterol 7a-hydroxy-
lase, eytochrome P450 7B1 (CYP7BI), is located on
chromosome 8g21.3. This rare inborn error of bile
actd synthesis responds poorly to bile acid therapy

because the progression to cirrhosis {s rapid and
occurs at an early age. So far, only 2 patients with an
oxysterol 7u-hydroxylase deficlency and an assoclated
mutation of the CYP7Bl gene have been reported;
both died in infancy either before or after liver trans-
plantation (LT).%3

We report the first successful use of LT in the man-
agement of an oxysterol 7«-hydroxylase deficiency
assoclated with a mutation of the CYP7BI gene; we

DOI 10.1002/1t.22331
View this article online at wileyonlinelibrary.com.

Abbreviations: CA, cholic acid; CDCA, chenodeoxycholic acid; CYP7AL, cytochrome P450 7Al: CYP7BI, cytochrome P450 7B1;
FXR, farnesold X receptor; LDLT, living donor liver transplantation; LT, liver transplantation; ND. not detected; PCR, polymerase
chain reaction; TBA, total bile acld; UDCA, ursodeoxycholic acid,
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used an allograft from a heterozygous living donor. We
describe the clinical and laboratory features of our
patient together with the hepatic and renal histopath-
ological findings and the results of bile acid and
CYP7B1 gene analyses.

PATIENTS AND METHODS

Clinical Course and Laboratory Findings

A fernale Japanese infant with a birth weight of 3004
g was delivered by spontaneous vaginal delivery with-
out complications at a gestational age of 39 weeks.
The mother was a primigravida, and the pregnancy
was uneventful. The parents were not consanguine-
ous; both were healthy without evidence of liver dis-
ease. In particular, her mother had no pruritus, jaun-
dice, or abnormal results for routine tests of liver
function during her pregnancy.

The infant developed progressive jaundice by the
age of 5 months. At 6 months, she was referred to
Juntendo University Hospital with jaundice and he-
patic dysfunction.

According to a physical examination, her growth
and development were within normal limits {height =
66.1 cm, weight = 7.8 kgl. No dysmorphic features
were present. Jaundice and hepatosplenomegaly were
noted. No abnormal neurclogical signs were elicited.
Her stool was yellowish. The initial results of the labo-
ratory tests Included the following: a seruin aspartate
aminotransferase level of 803 U/L (normal < 37 U/L},
an alanine aminotransferase level of 345 U/L (normal
< 43 U/L}), an alkaline phosphatase level of 4334 U/L
(normal = 110-348 U/L), a total bilirubin level of 13.1
mg/dL {(normal < 1.2 mg/dL), a direct bilirubin level
of 7.7 mg/dL (normal < 0.3 mg/dL), an albumin level
of 3.1 g/dL (normal = 4.0-6.2 g/dL), a prothrombin
time of 26.0 seconds (normal = 11.1-15.1 seconds),
and a blood ammonia level of 95 ug/dL (normal < 70
pg/dL). The serum 25-hydroxy vitamin D level was <5
ng/mL {normal = 7-41 ng/mL). The levels of other
vitamins, including vitamins A, E, and K, were not
assayed. The serum v-glutamyltransferase level was
36 U/L (normal < 75 U/L), the total cholesterol level
was 171 mg/dL {normal = 150-219 mg/dL), and the
serum total bile acld (TBA} level was 6.5 pmol/L (nor-
mal < 10 pmol/L}). The results of a complete blood
count were within normal lmits. Specific liver dis-
eases such as autoimmune hepatitis and chronic viral
hepatitis and other metabolic defects were excluded
by the appropriate investigations. Abdominal ultraso-
nography revealed a visible gallbladder and hepato-
splenomegaly; no choledochal cysts, no dilation of bile
ducts, and no ascites were demonstrated. Contrast-
enhanced computed tomography showed polycystic
changes in the kidneys (Fig. 1A}. There was radiologi-
cal evidence of rickets. Serial technetium-99m diiso-
propyl iminodiacetic acid cholescintigraphy showed
that the tracer had entered the intestine.

The patient’s initlal management included the
administration of medium-chain triglycerides, urso-
deoxycholic acld (UDCA; 16 mg/kg/day), fat-soluble
vitamins, and infusions of fresh frozen plasma. After
61 days of these treatments, her liver function tests
had deterforated further (aspartate aminotransferase
level = 568 U/L, alanine aminotransferase level =
232 U/L, alkaline phosphatase level = 2205 U/L,
total bilirubin level = 14.3 mg/dL, direct bilirubin
level = 9.1 mg/dL, albumin level = 3.7 g/dL, pro-
thrombin time = 20.9 seconds, y-glutamyltransferase
level = 24 U/L, and TBA level = 54.4 pmol/L). At the
age of 8 months, the patient developed decompen-
sated hepatocellular faflure, and she was referred to
the National Center for Child Health and Development
for an LT assessment. The patient underwent liver bi-
opsy and kidney blopsy. Living donor liver transplan-
tation {LDLT} was performed; her mother was the
donor. ’

Progressive familial intrahepatic cholestasis types 1
and 2, which are characterized by low serum vy-gluta-
myltransferase levels, were excluded for our patient
because her serum TBA levels were not eclevated
before her treatment with UDCA.

Qualitative and Quantitative Analyses
of Bile Acids

Serum and urine samples were collected and stored
at —-25°C until they were analyzed. The concentra-
tions of individual bile acids in her urine were cor-
rected for the creatinine concentration and were
expressed as micromoles per millimole of creatinine.

After the synthesis of posilive control samples for
rare bile acids that occur in patients with {nborn
errors of bile acid synthesis {eg, 3p-hydroxy-A® bile
acid,” 3-oxo-A* bile acid,® and allo-bile acids®), we an-
alyzed the bile acids in her serum and urine with gas
chromatography/mass  spectrometry and  with
selected ion menitoring of characteristic fragments of
methyl ester/dimethylethylsilyl ether/methoxime bile
acid derlvatives, as described previously.® The sam-
ples were prepared for gas chromatography/mass
spectrometry analysis by enzymatic hydrolysis (30 U
of cholylglycine hydrolase} and solvolysis (150 U of
sulfatase; Sigma Chemical, St. Louis, MO). N-Acetyl-
glucosamine was not used.

Genetic Analysis

Informed parental consent was obtalned, and analy-
ses of the cholesterol 7«-hydroxylase gene [cyto-
chrome P450 7Al (CYP7Al)) and the CYP7BI gene
were undertaken with the DNA of peripheral blood
lymphocytes from the patient, the patient’'s parents,
and 103 healthy controls. Polymerase chain reaction
(PCR) primers were designed to amplify fragments
containing the exon coding regions of the CYP7A1 and
CYP7BI1 genes.®” DNA fragments, which included all
coding regions of the CYP7AI and CYP7B! gdenes,
were amplified with PCR.



