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Diagnostic approaches in neonatal cholestatic liver disease: early discovery of biliary atresia

Department of Pediatrics and Child Health, Kurume University School of Medicine

Akihiko KIMURA, Tatsuki MIZUOCHI, Yoshitaka SEKI and Hiroshi NISHIURA

There has been very little progress in diagnostic techniques and methods for biliary atresia in the last 20 years expected in the area of imaging technol-

ogy. Therefore we often experience patients with biliary atresia who are not diagnosed until more than 60 days after birth. Incontrast, there has been

steady improvement in the diagnosis of some cholestatic liver discases, such as neonatal intrahepatic cholestasis caused by citrin deficiency, progressive

familial intrahepatic cholestasis and inborn error of bile acid synthesis, as a result of improvements in the application of clinical and laboratory findings

and development of molecular biological approaches.

Therefore, we discussed diagnostic approaches in neonatal cholestatic liver discase, especially those aimed at early discovery of biliary atresia. We

hope that this report will be useful to pediatric hepatologists and young pediatricians.
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Abstract

Background and Aim: We encounter hyper-3-0xo-A* bile aciduria in patients with severe
cholestatic liver disease or fulminant liver failure during the neonatal period. However,
simply by bile acid analysis, it is difficult to distinguish hyper-3-oxo0-A* bile aciduria from
primary 3-oxo-A'-steroid 5p-reductase deficiency.

Methods: To determine whether 3-oxo-A*-steroid 5B-reductase (SRDS5BJ) gene analysis is
required for the accurate diagnosis of 3-ox0-A'-steroid 5p-reductase deficiency, we evalu-
ated the laboratory data, bile acid analysis and SRD5B] gene analysis from six patients with
hyper-3-oxo0-A? bile aciduria.

Results: Based upon the results, four patients who had developed neonatal liver failure
were diagnosed as having neonatal hemochromatosis. Two patients with chronic cholesta-
sis were diagnosed as having primary 3-oxo-A*-steroid 5p-reductase deficiency by SRD5B1
gene analysis. The SRDSB/ gene in these two patients had a heterozygous mutation,
G737A (Gly 223 Glu) in one patient and C217T (Arg 50 stop) in the other.
Conclusions: Based upon our limited data, we conclude that SDR5BI gene analysis is
required for the accurate diagnosis of 3-oxo-A*-steroid 5f-reductase deficiency. Moreover,
we think that it is important to elucidate whether there is a heterozygous or a compound
heterozygous mutation of the SRD5B1 gene in our two patients.
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(SRD5B1 or AKR1D1) on chromesome 7q32-33° to establish the

Introduction : :
diagnosis.

We often encounter hyper-3-o0x0-A* bile aciduria in children with
severe cholestatic liver disease or fulminant liver failure during
the neonatal period.'~ When greater than 75% of the total bile
acids in the urine of patients with cholestasis consist of 3-oxo-A*
bile acids, 3-oxo-A'-steroid 5f-reductase deficiency should be
suspected” (Fig. 1). However, using clinical symptoms, such as
the absence of pruritus despite the presence of conjugated hyper-
bilirubinemia, or using laboratory data such as a normal value of
v-glutamyliransferase (GGT) activity, or total bile acid concen-
tration by enzymatic assay using 30-hydroxysteroid dehydroge-
nase, or by analysis of bile acids using gas chromatography-mass
spectrometry (GC-MS), it is difficult to distinguish primary
3-oxo-A'-steroid 5B-reductase deficiency from a variety of other
cholestatic liver diseases causing hyper-3-oxo-A* bile aciduria.
Therefore, we attempted to assess whether it is necessary to
carry out gene analysis of 3-oxo0-A'-steroid Sf-reductase
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To date, only five patients with primary 3-oxo-A'-steroid
5B-reductase deficiency have been reported in the literature.™® In
this disease, if the diagnosis is delayed, primary bile acid treatment
cannot be carried out™!” and patients suffer a poor clinical outcome
as a result.

In the present study, we report the results of SRD5B! gene
analysis in six patients with hyper-3-oxo-A* bile aciduria who
were recently treated at Kurume, Kyoto, Kagawa, Gunma and
Taiwan university hospitals. Moreover, we examined the clinical
symptoms, laboratory data and liver histological findings between
primary and secondary 3-oxo-A*-steroid 5B-reductase deficiency.

Methods

We evaluated six patients who developed hyper-3-oxo0-A* bile
aciduria between August 2002 and July 2007. Their clinical

Journal of Gastroenterology and Hepatology 24 {2009) 776-785 © 2008 The Authors
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Effect of a defect of 3-oxo-A'-steroid 5B-reductase. Reduced synthesis of primary bile acids from cholesterol and increased synthesis of

3-oxo-A* and allo-bile acids are shown in a flow chart of the classical pathway.

Table 1 Laboratory data of patients with hyper 3-oxo-A® bile aciduria on admission

Patient (normal values) 1 2 3 4 5 6

Total bilirubin (0.3-1.5 mg/dL) 115 4.9 255 11.9 11.3 16.2
Direct bilirubin (<0.6 mg/dL) 6.9 2.0 4.3 4.1 8.3 8.9
Aspartate aminotransferase (13-33 U/L) 29 45 474 13562 934 1180
Alanine aminotransferase {8-42 U/L} 4 6 321 1079 679 878
y-Glutamyltransferase {10-47 U/L) 36 78 19 17 76 52
Total hile acids (<10 umol/L} 69.4 28.4 20.4 14.4 2.7 19.8
Serum ammonia {12-66 pg/dL) 270 241 176 187 116 n.d.
Ferritin (male: 23.0-183.0, female: 4.9-96.6 ng/mL)} n.d. n.d. 18070 3763 120 n.d.
Prothrombin activity (60-130%) 29 n.d. 7 20 43 n.d.

Prothrombin time in patient 6 was 19.8 s.
n.d., not done.

symptoms, laboratory data, bile acid analysis by GC-MS, and
SRD3B1 gene analysis were analyzed retro- and prospectively.

Case reports

Patient 1

At 35 weeks of gestational age, a Japanese boy was delivered by
emergency cesarean section with complications and fetal distress.
His birthweight was 1269 g. His mother had intrauterine growth
retardation and oligohydramnios at 32 weeks of gestational age.
On his first physical examination, general remarkable findings,
such as periumbilical collateral vessel formation, also referred to
as caput medusa, were noted. He had developed fulminant liver
failure with hypoproteinemia (total protein 3.2 g/dL, albumin
1.9 g/dL)), hypoglycemia (29 mg/dL), jaundice, respiratory

Journal of Gastroenterology and Hepatology 24 (2009) 776-78b © 2008 The Authors

distress and hypotension during his first day of life. His serum
aminotransferase levels were normal although a severe coagulopa-
thy and hyperammonemia were present (Table 1). At 29 days of
age, his serum hyaluronic acid concentration was elevated
(2020 ng/mL). Thereafter, he died at 44 days of age due to mul-
tiorgan failure. Liver pathological findings at autopsy revealed
the appearance of ductular metaplasia and pericellular fibrosis
(Fig. 2).

Patient 2

The sister of patient 1 was born 1 year later at 30 weeks of gesta-
tional age by emergency cesarean section after severe intrauterine
growth retardation, oligohydramnios and fetal distress were noted.
Her birthweight was 822 g. She developed severe hypoglycemia
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Figure 2 Liver pathological findings of patient 1. The liver was very atrophic and irregularly shaped on the surface at autopsy. Microscopically, the
liver had extensive fibrosis, bile ductular proliferation of the surviving hepatocytes and extensive loss of hepatic parenchyma (hematoxylin and eosin
staining; magnification x40). The liver microscopic findings were very similar in patients 1 and 2.

(1 mg/dL), hypoproteinemia (total protein, 3.1 g/dL, albumin,
1.7 g/dL) and jaundice during her first day of life (her liver
functional tests are listed in Table 1). On abdominal CT scan,
ascites, an irregular liver edge and muitiple low-density areas in
the liver were observed. At 12 days of age, her hyaluronic acid
concentration was elevated (4037 ng/mL). These findings sug-
gested liver cirrhosis. This patient died as a result of liver and heart
failure at 77 days of age. The liver pathological findings at autopsy
were similar to those of patient [.

Patient 3

A Japanese girl was born to a 36-year-old woman by spontaneous
vaginal delivery without complication. Her birthweight was
3272 g. At 4 days of age, she was noticed to be deeply jaundiced
(total bilirubin, 19.9 mg/dL); thereafter, she was admitted to
Gunma Children’s Medical Center due to liver dysfunction. Her
admission laboratory studies are shown in Table 1. Her serum
aminotransferase levels gradually decreased after admission;
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) fell to 22 U/L and 16 U/L, respectively at 10 days of age,
but she developed acute liver failure. Liver magnetic resonance
imaging (MRI) findings revealed a very low signal, especially on
the T>-weighted images. We suspected neonatal hemochromatosis
based upon the laboratory data and consulted her parents regarding
a living donor liver transplantation. However, her parents
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refused. Despite medical treatment, she died as a result of liver
and respiratory failure at 32 days of age. The liver and pancreas
macroscopic pathological findings at autopsy revealed cirrhotic
severe atrophy and their color had changed to a brown, rust-like
hue. The liver microscopic findings showed massive hepatic
necrosis and the presence of hemosiderin granules in the meta-
plastic ductular epithelium (Fig. 3a,b). Positive hemosiderin
granules were present diffusely in myocardial (Fig. 3¢) and pan-
creas cells (Fig. 3d).

Patient 4

A full-term Japanese boy was born to a 20-year-old woman by
cesarean section with cephalopelvic disproportion. His birth-
weight was 3814 g. At 14 days of age, he had vomiting,
hepatosplenomegaly and liver dysfunction (Table 1). His serum
aminotransferase levels gradually decreased after admission; the
AST and ALT fell to 17 U/L and 13 U/L, respectively, at 17 days
of age. He developed fulminant liver failure. The results of
abdominal ultrasonography at 4 weeks of life revealed a small
liver with patent portal and hepatic veins and mild ascites. The
liver and pancreas MRI findings revealed a very low signal, espe-
cially on the T,-weighted images. He died as a result of liver
failure due to sepsis at 87 days of age. The liver microscopic
findings at autopsy resembled those of patient 3.
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Figure 3 Liver pathological findings of patient 3. Microscopically, the liver specimen had extensive loss of hepatocytes with bile ductular proliferation
and the portal areas approached one another {a, hematoxylin and eosin staining; magnification x40). Hemosiderin was found predominantly in the
metaplastic ductular epithelium (b, Berlin blue stain; magnification x200). Positive hemaosiderin granules are present diffusely in myocardial (c, Berlin
blue stain; magnification x200) and pancreas cells {d, Berlin blue stain; magnification x200). The liver microscopic findings of patient 4 were similar

to those of patient 3.

Patient b

At 39 weeks of gestational age, a Japanese girl was born by spon-
taneous vaginal delivery without complication. Her birthweight
was 2770 g. She was noticed to be jaundiced at 4 weeks of age;
thereafter, her jaundice progressively worsened uantil 3 months of
age. She became deeply icteric, with pale stools and dark urine.
Her initial liver function tests on admission are shown in Table L.
Ursodeoxycholic acid (UDCA) (5 mg/kg per day) treatment was
started ' immediately; thereafter, her serum bilirubin and ami-
notransferase levels gradually decreased (Fig. 4). However, we
detected hyper-3-0x0-A? bile aciduria (Table 2). Accordingly, we
recommiended primary bile acid treatment for a suspected inborn
error of bile acid synthesis. Her parents refused so we increased
the dose of UDCA (to 10 mg/kg per day). At 11 months of age,
her serum bilirubin and aminotransferase levels were within the

Journal of Gastroenterology and Hepatology 24 {2008) 776-785 © 2008 The Authors

normal range (Fig. 4). The serum concentration of the type IV
collagen 7s domain also decreased to 4.0 ng/mL (normal range,
<5.0 ng/mL) during UDCA treatment. However, we continued to
detect hyper-3-oxo-A* bile aciduria after UDCA treatment. The
liver biopsy microscopic findings at 8 months of age revealed giant
cell transformation with bridging fibrosis and ductular prolifera-
tion (Fig. 5). We detected a heterozygous mutation in this patient
(Fig. 6) by SRD5B1 gene analysis and recommended SRD5B/
gene analysis of the parents. However, her parents refused because
she was in good health without liver dysfunction. At present, this
patient remains in good health without any treatment.

Patient 6

A female Taiwanese infant with a birthweight of 3235 g was deliv-
ered at 38 weeks gestational age by spontaneous vaginal delivery
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Figure 4 Clinical course of patient 5.
Response of the serum bilirubin and ami-
notransferase levels to treatment with UCDA
0

H T T
3 mo 5 mo 8 mo

10 mg/kg/day

UDCA 5 mg/kg/day

in patient 5. ALT, alanine aminotransferase;
AST, aspartate aminotransferase; D.Bil, direct
bilirubin; T.Bil, total bilirubin, UDCA, ursode-
oxycholic acid.

11 mo

Table 2 Bile acid analysis of the serum and urine using GC-MS in patients with hyper 3-oxo-A* bile aciduria on admission

Patient 1 2 3 4 5-a 5-b 6-a 6b 6-c

Serum Cholic acid (%) n.d. n.d. n.d. n.d. 1.8 n.d. n.d. n.d.
Chenodeoxycholic acid (%) 90.1 81.3 100.0 n.d. 7.1 176 99.2 79.1
Ursodeoxycholic acid (%) n.d. n.d. n.d. 343 n.d. 8.8 n.d. 20.9
Allo-cholic acid (%) n.d. n.d. n.d. n.d. 27.0 n.d. n.d. n.d.
Allo-chenodeoxycholic acid (%) 9.9 n.d. n.d. n.d. 17.9 n.d. n.d. nd.
CA-A*-3-one (%) n.d. n.d. n.d. 27.2 176 n.d. n.d. n.d.
CDCA-A*3-one (%) n.d. n.d. n.d. 384 6.8 73.7 n.d. n.d.
Others (%) n.d. 18.7 n.d. 0.1 22.0 n.d. 0.8 n.d.
Total bile acids {umol/L) 30.3 0.5 8.4 8.5 9.8 9.2 54.9 6.1

Urine Cholic acid (%) 4.4 55 n.d. 8.8 0.4 2.1 0.1 0.2 3.6
Chenodeoxycholic acid {%} 2.4 n.d. 6.3 7.7 0.4 0.1 1.1 435 22.2
Ursodeoxycholic acid (%) 0.1 29 0.4 n.d. 17.3 n.d. 8.2 0.2 24.7
Allo-cholic acid (%) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Alfo-chenodeoxycholic acid (%) 0.7 n.d. 14.7 25 n.d. 0.3 n.d. n.d. n.d.
CA-A*-3-one {%) 5.1 48.3 n.d. n.d. 64.7 87.6 51.0 18.8 7.6
CDCA-A*3-one (%) 86.2 40.9 63.3 73.1 143 6.5 35.8 27.7 15.8
Others (%) 11 2.4 15.3 7.9 2.9 3.4 3.8 9.6 26.1
Total bile acids (umol/mmol Cr) 57.9 4.6 5.1 6.2 169.1 114.1 53.1 174.7 0.8

5-b, after the end of ursodeoxycholic acid (UDCA) treatment in patient 5 at 12 months of age; 6-a, before chenodeoxycholic acid treatment in patient
6 at 3 months of age; 6-b, 7 days after starting chenodeoxycholic acid treatment in patient 6 at 3 months of age; 6-c, mother of patient 6; we did not
carry out a serum bile acid analysis in patient 3; CA-A*3-one, 7a,1 2a-dihydroxy-3-oxo-4-cholenoic acid; CDCA-A*-3-one, 7a-hydroxy-3-oxo-4-cholenoic
acid; n.d., not detected; 5-a, during UDCA treatment in patient 5 at 8 months of age.

after an uneventful pregnancy. At 2 months of age, the patient was
referred to Taiwan University Hospital with a chief complaint of
progressive jaundice (16.8 mg/dL). The stool color was light
yellow. The jaundice present since birth was initially mild. Her
initial physical examination on admission was nearly unremark-
able without hepatosplenomegaly, jaundice or dark urine. Her
liver functional tests at admission are shown in Table 1. Serial
technetium-99m  (*"Tc)-DISIDA  cholescintigraphy revealed
visualization of intestinal radioactivity at 4.5 h postinjection. We
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started primary bile acid treatment with chenodeoxycholic acid
(CDCA) (12 mg/kg per day) after analyzing her bile acids using
GC-MS and her SRD5SBI gene because we detected hyper
3-oxo-A* bile aciduria (Table 2). A heterozygous mutation of the
SRDS5BI gene was found (Fig. 7). One month following the onset
of. CDCA. administration, her total bilirubin and ALT levels
decreased from 17.9mg/dL and 342 U/L to 9.7mg/dL and
235 U/L, respectively. CDCA treatment has continued until the
present time. Her liver microscopic biopsy findings at 5 months of

Journal of Gastroenterology and Hepatology 24 (2009) 776-785 © 2008 The Authors
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Azan X A0

Figure 5 Liver pathological findings of
patient 5. Liver biopsy specimen from patient
5 at 8 months shows lobular disarray resulting
from extensive giant cell transformation
(hematoxylin and eosin staining; magnifica-
tion x100) and consistent with cirrhosis
showing wide fibrotic bands at the portal
areas (Azan stain; magnification x50). Bile
ductular proliferation was noted. The liver
microscopic findings of patient 6 were very
similar to those of patient 5.

age revealed giant cell hepatitis with fibrosis similar to that of
patient 5. Unfortunately, her liver function subsequently deterio-
rated and she was admitted to Taiwan University Hospital to be
prepared for liver transplantation.

Patients 1-4 in the present study were treated with supportive
care, such as blood exchange, administration of fresh frozen
plasma, vitamin K and antibiotics. In all patients, the serum
antibody titers showed no evidence of infection with hepatitis
B or C virus, herpes simplex virus, Epstein-Barr virus or
cytomegalovirus.

The parents of patients 1-6 were also in good health without
liver dysfunction. However, in the mother of patient 6, we detected
a high percentage of 3-oxo-A* bile acids relative to total bile acids
(23.4%) in her urine (Table 2). Her liver functional tests were
normal, including AST (17 U/L), ALT (7 U/L), total bilirubin
(0.4 mg/dL) and GGT (7 U/L). Her GGT value was very low.

QOualitative and quantitative bile acid analysis

The serum and urine samples were collected and stored at —25°C
until analysis. The concentrations of the individual bile acids in the
urine were corrected for the creatinine (Cr) concentration and
expressed as imol/mmol of Cr.

After we synthesized some specific unusual bile acids, such as
3B-hydroxy-A’," 3-ox0-A""? and allo-bile acids," as seen in inborn
errors of bile acid synthesis, we routinely analyzed the bile acids in
the urine and serum by GC-MS using selected ion monitoring of
the characteristic fragments of the methyl ester-dimethylethylsilyl
ether-methoxime derivatives of the bile acids as described previ-
ously,™ after enzymatic hydrolysis (choloylglycine hydrolase 30
units) and solvolysis (sulfatase 150 units; Sigma Chemical Co.,
St Louis, MO, USA).

All the patients in this study had the bile acids in their serum and
urine analyzed using GC-MS on admission.

Journal of Gastroenterology and Hepatology 24 {2009) 776-785 © 2008 The Authors
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Genetic analysis

With informed consent, liver tissue (patients 1 and 2), blood
(patients 3, 5 and 6) and nails (patient 4) were collected from the
patients and parents of patient 6, as well as 103 healthy Asian
individuals. The genomic DNA was extracted from liver tissues,
peripheral leukocytes and nails using a QlAamp Mini Kit (Qiagen,
Hilden, Germany).

The DNA fragments spanning the nine coding regions of the
SRD5BI genes were amplified by polymerase chain reaction
(PCR) using Gene Taq (Nippon Gene, Toyama, Japan) and nine
sets of primers (F1; 5-CTTTCTTTGATGGAATAGGC-3" and B1:
5-AGTAAGTCAATGAGATCTGC-3", F2: 5-TGTACATGCAA
AATGTCCTG-3" and B2: 5'-ATGAGTGCAATTACACACAC-3’,
F3: 5-TTACAAAGAAAAAGGGGCTG-3" and B3: 5-CTTC
ATGCACATAGCTATTG-3', F4: 5-GCTCACAATTATGAAGA
CTG-3" and B4: 5-TCATTGAAAGTAAAGGGTGC-3, F5: 5-
TGCTTATTAACATACCCAGG-3" and BS5: 5-ATTTAGGTGG
AGCAATCATG-3’, F6: 5-AATTGCATTCAACAACGTGG-3
and B6: 5-AACCAAAAGGCATTCCAATC-3', F7: 5-GAGG
AGGATGGTTTATTAAC-3" and B7: 5-GGTTTCCTATTAAG
CTGAAC-3, F8: 5-TTCATACATCTTTGGAAGGC-3’ and BS:
5-TCAGGCATGTTAACATTCAG-3', F9: 5-AACAGCAGAGG
AATGAATAG-3" and B9: 5-AACCCTCTCTCTTCATTTTC-3")
to obtain the optimal length of DNA fragments suitable for direct
sequence analysis.'S The temperature program included an initial
denaturation step of 94°C for 2 min followed by 30 cycles
of a denaturation step of 94°C for 1 min, annealing at 59°C for
| min, and extension at 72°C for | min. A final extension step of
72°C for 10 min was used using a T3 thermocycler {Whatman,
Kent UK).

After enzyme processing with ExoSAP-IT (USB Co., Cleve-
land, OH, USA), direct sequencing of the amplified PCR products
was carried out with the DTCS Quick Start Kit (Beckman Coulter,
Fullerton, CA, USA) according to the manufacturer’s protocol,
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Figure 6 DNA analysis in patient 5 and a healthy control. {a) Genomic
DNA sequence of the 3-oxo-A-steroid 5B-reductase gene. The position
of the nucleotide sequence in the mutation is shown with arrows. The
arrow identifies G/A in the patient and G in a control subject. The
reverse-strand sequence showed the same result. This represents a
CGA-to-TGA mutation, affecting glycine at position 223, where it is
replaced by glutamate. Such a nucleotide substitution was not observed
in the 103 controls (the wild-type nucleotide ‘G’ is seen in the control
example). (b) Digestion of amplified SDR5B1 exon 6 polymerase chain
reaction (PCR) fragment with Avall. To screen for the novel G-to-A
mutation at nucleotide 737, we amplified the PCR products of SRD5B1
gene exon 6. The PCR products from the healthy control allele were
digested by the Avall enzyme (at G/GWCC, W. A or T} into two frag-
ments, whereas the mutant form of the allele was not digested. The
patient was confirmed to be heterozygous for G-to-A substitution, as he
showed digested and non-digested fragments.

using the same primers as for PCR amplification. The sequencing
reaction product was analyzed electrophoretically, using a
SEQ2000XL analyzer (Beckman Coulter).

Once the two putative mutations were found, six patients, the
parents of patient 6 and 103 healthy Asian individuals were
screened for these two mutations by digesting the appropriate PCR
fragment with a restriction enzyme. Avall (Takara, Shiga, Japan)
was used to recognize the G/GW (A or T) CC sequence in the exon
6 PCR fragment for the mutation found in patient 6, while Kpnl
(Takara, Shiga, Japan) was used to recognize the GGTAC/C
sequence in the exon 2 PCR fragment for the mutation found in
paiient 5. The restricted DNA fragments were separated by elec-
trophoresis on a 1.5% agarose gel and then stained with ethidium
bromide.
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Results

Patient profile and liver pathology

Patient profile and liver pathology are shown in Table | and
Figures 2, 3 and 5. Four patients, patients 1-4, developed neo-
natal liver failure, while the other patients, patients 5 and 6,
showed chronic cholestasis. Patients | and 2 immediately devel-
oped fulminant liver failure after emergency cesarean sections
due to fetal distress at late gestational age. Moreover, these
patients had complications evident during pregnancy, such as
intrauterine growth retardation and oligohydramnios, and did not
have an elevated AST or ALT after birth. Patients 3 and 4 devel-
oped liver failure 1 or 2 weeks after delivery, respectively, with
elevated ferritin concentrations. All patients had severe jaundice
and abnormal prothrombin times except for one patient. The total
bile acid and GGT values were low in all but two patients,
patients I and 2 and patients 2 and 5, respectively. In addition,
the liver pathological findings of the patients are shown in Fig-
ures 2, 3 and 5.

Biochemical identification of an inborn error of
bile acid synthesis

Biochemical identification of an inborn error of bile acid synthesis
is shown in Table 2. In the serumn, the main bile acid in the patients
with liver failure, patients 1, 2 and 4, was CDCA. We detected
large amounts of 3-ox0-A" bile acids in the serum of patients with
chronic cholestasis, patients 5 and 6, prior to treatment. Patient 5
had a decreased percentage of 3-oxo-A” bile acids relative to the
total bile acids in the serum after the end of the UDCA treatment.
We did not detect 3-oxo-A' bile acids in the serum of patient 6
during the CDCA treatment.

We detected large amounts of 3-oxo-A* bile acids in the urine of
all the patients. In the patients with liver failure, the main 3-oxo-A*
bile acid in the urine was 70-hydroxy-3-oxo-4-cholenoic acid.
Patients 5 and 6 had increased excretion of urinary bile acids
during bile acid treatment compared Lo that without treatment, and
a decreased percentage of 3-oxo-A' bile acids relative to the
urinary total bile acids during the bile acid treatment.

We detected urinary 3-oxo-A® bile acids in the mother of patient
6: however, we could not detect 3-oxo-A* bile acids in the serum or
urine in the father of patient 6.

identification of SDR5B1 gene defects

We did not detect a mutation in the SRDSB] gene of patients 1-4.
We have identified two single-nucleotide changes in two patients.
A single substitution of G to A at nucleotide position 737 was
confirmed in exon 6 of the SRD5BI gene, which causes an amino
acid change from glycine (GGG) to glutamate (GAG) at amino
acid position 223 in patient 5. This novel mutation was identified
as a heterozygous mutation (Fig. 6).

In patient 6, a single substitution of C to T at nucleotide position
217 was confirmed in exon 2 of the SDR5B1 gene, which causes
an amino acid change from arginine (CGA) to stop (TGA) at
amino acid position 50. This novel mutation was identified as a
heterozygous mutation in the patient and her mother (Fig. 7).
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Figure 7 DNA studies of patient 8, her parents and a control. {a) Pedigree and DNA sequence of the 3-oxo-A*-steroid bf-reductase gene in genomic
DNA samples. The position of the mutant nucleotide sequence is shown with arrows, indicating C/T in the patient and her mother, and C in her father
and a control subject. The reverse strand sequence showed the same result. This represents a CGA-to-TGA mutation, affecting arginine at position
50, which is replaced by a stop codon. Such a nucleotide substitution was not observed in the 103 controls {the wild-type nucleotide 'C" appears in
the selected control). (b} Digestion of amplified SRD5B1 exon 2 PCR fragment with Kpnl. To screen for the novel C-to-T mutation at nucleotide 217,
we amplified the PCR products of SRD581 gene exon 2. The PCR products from the patient's father and a control example were digested by the
Kpnl enzyme (GGTAC/C) into two fragments. The patient and her mother showed both digested and non-digested fragments, with the latter
representing the mutation; this indicates that they were heterozygous for the mutation.

Neither of these mutations was found in 103 healthy Asian
individuals.

Discussion

We identified two patients with heterozygous mutations of primary
3-oxo0-A*-steroid 5B-reductase deficiency by SRDSBI gene analy-
sis. According to previous reports’® of the mutations in the
SRDS5BI gene of the five reported patients, three were homozy-
gous and two were compound heterozygous. Furthermore, this
enzyme deficiency was reported as displaying an autosomal reces-
sive transmission pattern. Although our two patients appear to
have an autosomal recessive transmission pattern, we suspect that

Journal of Gastroenterology and Hepatology 24 (2009) 776-785 © 2008 The Authors

the father of patient 6 may have a heterozygous mutation outside
the coding region, such as in the promoter region or in an intron.
We do not know about patient 5 because we could not carry out
SRD5B1 gene analysis in the parents of patient 5. However, we
suspect that one of the parents of patient 5 may have heterozygous
mutations outside the coding region. Therefore, we suggest that
our two patients with chronic cholestasis may be compound het-
erozygotes of the SRD5BI gene.

Although both patients 5 and 6 have a heterozygous mutation in
the SRD5BI gene, these patients may have cholestasis with liver
dysfunction only during infancy; patient 5 actually had a favorable
course without bile acid replacement therapy. Thereafter, the
cholestasis with liver dysfunction in this disease may gradually
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improve, as the mother of patient 6 does not have liver dysfunc-
tion. Because neonatal bile acid metabolism is different from that
of adults, 3-oxo-A'-steroid 5B-reductase may be essential during
the newborn period. In healthy full-term infants, we detect a high
percentage of urinary 3-oxo-A* bile acids in the total bile acids
during the early neonatal period. This reflects the normal devel-
opment of bile acid metabolism, including the initial immaturity of
3-0x0-A’-steroid 5B-reductase.'!® In the newborn period, patients
with a heterozygous mutation in the SRD5BI gene may develop
cholestasis with liver dysfunction that can resolve later. However,
the same patient may develop a severe stage of disease similar to
that of patient 6.

Moreover, we would still suspect that patients with a heterozy-
gous mutation of the SRD5B/ gene may have mutations in another
gene. We have completed coding region analysis of the bile salt
export pump gene (BSEP) in patient 6. However, we could not find
mutations in BSEP, except for a heterozygous Val 444 Ala
polymorphism.

In this study, a primary 3-oxo-A'-steroid 5B-reductase defi-
ciency could not be diagnosed solely by low or normal levels of
GGT activity and the total bile acid concentration by an enzymatic
technique using 3o-hydroxysteroid dehydrogenase, or the pres-
ence of hyper 3-oxo0-A* bile aciduria. Patients with fulminant
hepatic failure, patients 1-4, did not have detectable 3-oxo-A* bile
acids in their serum, whereas it was detected in the serum of
patients 5 and 6. This may be a very important observation.
Lemonds and Clayton also suggested that the detection of
3-oxo-A* bile acids and trace amounts of CDCA in the serum are
important findings in the differential diagnosis.” However,
Sumazaki had reported a patient with an extremely reduced activ-
ity of 3-oxo-A'-steroid 5f-reductase without any genetically
defined defects and who had large amounts of 3-oxo-A* bile acids
in the serum and urine.!” Therefore, we suggest that the pediatric
physician must analyze the bile acids in the serum and urine
using GC-MS when one suspects a primary 3-oxo-A'-steroid
5B-reductase deficiency based upon the values of the GGT activity
and the total bite acid concentration. If high concentrations of
3-0x0-A? bile acids are detected in the serum and urine, one shoutd
analyze the SRD5B1 gene.”

In our patient 5, the liver function tests, including type IV
collagen 7s domain, gradually improved with UDCA treatment
(Fig. 4). However, we detected 3-oxo0-A* bile acids in the serum
and urine after UDCA treatment (or when not on any current
treatment) (Table 2).

Of the patients with fulminant hepatic failure, patients 1-4 were
diagnosed as having neonatal hemochromatosis by their clinical
symptoms, such as intrauterine growth retardation, oligohydram-
nios, fetal distress and hypoglycemia, their laboratory data, such as
elevated ferritin concentration, the liver pathological findings, and
the results of SRD5B1 gene analysis. We suggest that patients 1
and 2 had fetal hemochromatosis whereas patients 3 and 4 were
diagnosed as having infantile (neonatal) hemochromatosis.”"
The reason for the reduced activity of hepatic 3-oxo-A*-steroid
5B-reductase was a partial enzyme deficiency predisposing to
severe hepatocyte damage.'® Therefore, we suggest that these
patients did not have a primary defect in the SRD5B/I gene. We
believe that pediatric hepatologists should not stop searching for a
cause of any hepatocyte damage after the discovery of hyper
3-0x0-A* bile aciduria with neonatal liver failure;” that is,
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pediatric hepatologists should carry out SRD5B1 gene analysis to
distinguish between a primary 3-oxo-A*-steroid 5p-reductase defi-
ciency from a secondary defect in the presence of hyper-3-oxo-A*
bile aciduria. Our experience indicates that until a specific diag-
nostic test is devised, SRD5B1 gene analysis will remain essential
for research and for accurate diagnosis of primary 3-oxo-A*-
steroid 5B-reductase deficiency, especially when the deficiency
occurs sporadically.

In conclusion, we suggest that patients with fulminant hepatic
failure who have hyper-3-oxo0-A* bile aciduria during the neonatal
period may have secondary 3-oxo-A*-steroid 5B-reductase defi-
ciency based upon our results of SRDS5B/1 gene analysis. However,
patients with chronic cholestasis who have hyper-3-oxo-A* bile
aciduria are more likely to have primary 3-oxo-A'-steroid
5B-reductase deficiency based upon the detected heterozygous
mutations in the SRD5BI gene. Therefore, SDR5B1 gene analysis
is necessary for the accurate diagnosis of 3-oxo-A'-steroid
5B-reductase deficiency. Moreover, from the results of the
SRD5BI gene analysis, we think that it is important to elucidate
whether there is a heterozygous or compound heterozygous muta-
tion in our two patients.
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Diagnostic determination system for high-risk screening for inborn
errors of bile acid metabolism based on an analysis of urinary bile
acids using gas chromatography—mass spectrometry: Results for
10 years in Japan
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Abstract

Background: Some patients with cholestasis of unknown cause may have inborn errors of bile acid metabolism
(IEBAM) thus causing abnormalities of bile acid biosynthesis. Although seven types of bile acid synthetic defects have
thus far been reported for this disorder, no detailed information on its incidence and so on in Japan is yet available. In
order to elucidate the current status of IEBAM in Japan, in July 1996 a diagnostic determination system was established
for high-risk screening for IEBAM.

Methods: Urinary bile acids were analyzed on gas chromatography-mass spectrometry (GC-MS) and quantitative
analysis was done using selected ion monitoring (SIM).

Results and conclusions: In a total of 576 samples analyzed over the 10 year period prior to June 2005, 159 patients
were found with cholestasis of unknown etiology. Of these patients, 10 (6.3%) were found to have IEBAM by this
system, while 91 (61.1%) had cholestasis without a definitive diagnosis. This diagnostic determination system with

GC-MS of urinary bile acids is therefore considered useful for detecting IEBAM.

Key words

In 1972 Eyssen et al. reported cases of Zellweger syndrome
complicated by inborn errors of bile acid metabolism (IEBAM).!
In 1980 Oftebro et al. demonstrated a complete lack of sterol C-27
hydroxylase activity in mitochondria in patients with cerebro-
tendinous xanthomatosis (CTX).2 In 1987 Clayton et al. reported
3B-hydroxy-A>-Cy-steroid dehydrogenase/isomerase HSD3B7
deficiency.’ In 1988 Setchell et al. reported A*-3-oxo-steroid 5B-
reductase (AKR1D1) deficiency.? In 1994 abnormal bile acid
excretion was reported in patients with Smith-Lemli-Opitz syn-
drome (SLOS) caused by abnormalities in 3B-hydroxysteroid
A’-reductase, an enzyme involved in the final step of cholesterol
biosynthesis.* More recently Clayton et al. reported abnormalities
in the 25-hydroxylation pathway in 1995° and Setchell et al.
reported oxysterol 7o-hydroxylase (SYP7BI) deficiency in
1998." B-Oxidation abnormalities® associated with side-chain
cleavage and amino acid conjugation abnormalities'®'" have also
been reported.
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In 1996, when these new types of IEBAM were reported in
various parts of the world, a urinary bile acid analysis system was
developed for screening for IEBAM to elucidate the current
status of IEBAM in Japan and detect new types of this disorder."
There have been several reports concerning changes in bile acid
metabolism over time from the prenatal to postnatal period,
infancy and early childhood.'*!" The reference range for urinary
bile acid in healthy children, which was reported by Kimura et al.
using the method of Suzuki er al. for analysis,''® was used for
high-risk screening to detect IEBAM in patients with cholestasis
of unknown etiology. Urinary bile acid levels are expressed in
mmol/mol-creatinine (or mmol/mol-cre).

Methods

The target patients included children with hepatic disorder, the
cause of which could not be identified on conventional liver
function testing or hepatitis virus testing, patients with liver cir-
rhosis of unknown etiology, sibling cases (of liver cirrhosis) and
patients with cholestasis who exhibited serum levels of total bile
acid, y-glutamyltranspeptidase (y-GTP) and total cholesterol
within the normal range. The age of patients for whom analysis of
urinary bile acids was requested ranged between 1 month after
birth and 22 years. A total of 576 samples was analyzed during
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the 10 years between July 1996 and June 2005. Cholestasis was
diagnosed if the serum level of direct bilirubin (D-Bil) was
>2.0 mg/dL and a total of 159 patients met this criterion.

Bile acid analysis system

Physicians who treat patients with cholestasis or hepatic dys-
function of unknown etiology and who wish to request full-set
gas chromatography—mass spectrometry (GC-MS) of urinary
bile acids should apply to the Bile Acid Institute for analysis by
phone or fax. Next, they should fill in the designated Bile Acids
Analysis Request Form (Fig. 1) and send it with a urine sample
(spot urine stored frozen below —20°C immediately after collec-
tion) to the Bile Acid Institute via refrigerated delivery service.

The Bile Acid Institute will perform a full-set analysis of urinary
bile acid on GC-MS and send the analysis data thus obtained and
the Analysis Request Form (in which the patient’s clinical signs
and symptoms are documented) to the Department of Pediatrics
and Child Health, Kurume University School of Medicine. The
Bile Acid Institute will notify the requesting physicians of the
results within 1 month after the request, with comments by Dr
Kimura of the Department of Pediatrics and Child Health,
Kurume University School of Medicine, as well as the data and
interpretation on the results of bile acid analysis. If the Bile Acid
Institute finds it difficult to analyze and interpret data for some
patients, the Institute will then send the samples to the Faculty
of Pharmaceutical Sciences, Health Sciences University of

Analysis request day :

day / month / year

Fig.1 Bile Acids Analysis Request Form.
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Hokkatido for a detailed analysis. If abnormalities in the metabo-
lism of bile alcohols, such as CTX, are suspected, the Institute
will request the School of Pharmacy, Hiroshima International
University, to perform the analysis (Fig. 2).

Prior simplified classification using the bile acid
analysis request forms

The Analysis Request Form provides not only space for the
patient’s age, sex and clinical progress but also a checklist for the
determination of the type of IEBAM and approximate discrimi-
nation from other cholestatic disorders with similar clinical
manifestations. In the column for clinical examination, (abnor-
mal) data on the direct and indirect bilirubin and transaminases
(alanine aminotransferase and aspartate aminotransferase [AST])
can be compared, at a glance, with data on y-GTP, serum total
bile acids (s-TBA), total cholesterol (T-Cho) and so on, the latter
of which tend to be normal in many types of IEBAM. In addition,
the Analysis Request Form provides spaces for citrullin and
tyrosine levels to discriminate this disorder from neonatal intra-
hepatic cholestasis caused by citrin deficiency (NICCD)." In the
check lists the presence or absence of the following clinical
symptoms can be checked: jaundice, hypocoagulability, steator-
rhea, cutaneous pruritus, vitamin E deficiency and chronic diar-
rhea, as well as muscle hypotonia and large fontanels (both of
which are typical findings of Zellweger syndrome), xanthomato-
sis and cataract (both characteristic of CTX), cardiac murmur
(characteristic of Alagille syndrome) and mental retardation (fre-
quently observed in patients with serious disease due to abnor-
mality in cholesterol biosynthesis). The Analysis Request Form
also provides free-text space for comments on findings of a liver
biopsy, liver/biliary-system echo (hepatobiliary ultrasound) and
hepatobiliary scintigraphy.

Results

Between July 1996 and June 2005, a total of 576 samples (serum,
bile and stool samples were analyzed for bile acids, as requested.
These requests came from 36 prefectures across Japan as well as
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Taiwan (16 samples). Of these patients, 159 were diagnosed with
cholestasis, who met the predetermined criterion: D-Bil 22.0 mg/
dL. Of these 159 patients, 10 were differentially diagnosed with
IEBAM and an associated metabolic disorder on GC-MS of
urinary bile acids, which included: 3B-hydroxy-A®-C,-steroid
dehydrogenase/isomerase (HSD3B7) deficiency in one, A*-3-
oxo-steroid 5B-reductase (AKRID1) deficiency in five, Zell-
weger syndrome in three and oxysterol 7o-hydroxylase
(CYP7B1) deficiency in one. For two patients who had already
been clinically diagnosed with SLOS, bile acids were analyzed
and the excretion of abnormal bile acids was confirmed.
Although markedly tall, unknown peaks were detected in
samples obtained from a few other patients, no new bile acids
could be identified (thus, these peaks are still unknown) and
analysis is continuing for their identification. Table 1 lists the
results of the bile acid analysis, that is, data on specific bile acid
levels by the disorder diagnosed.

The profile of each disorder diagnosed on bile acid analysis is
described in the following sections.

3p-hydroxy-A°®-C,~-steroid dehydrogenase/isomerase
deficiency

This subject was a female patient who was 22 years of age at the
time of diagnosis. Since the age of 5 years she had exhibited
transient direct-type hyperbilirubinemia, hepatic dysfunction and
a bleeding tendency due to a vitamin K deficiency. Although she
had obstructive jaundice, the levels of s-TBA and y-GTP were
within the normal range and she had no cutaneous pruritus. She
was treated as a patient with liver cirrhosis of unknown cause and
a request for urinary bile acid analysis came from the treating
physician. GC-MS of bile acids indicated a high s-TBA level
(56.0 mmol/mol-cre) and a high proportion (94.6%) of unusual bile
acids to total bile acids (3B,7a,120-trihydroxy-5-cholen-24-oic
acid; A’-3B, 7a, 120-triol, 71.9%; 38,70-dihydroxy-5-cholen-
24-oic acid; A’>-3B, 7o-diol, 22.2%; and 3B3-hydroxy-5-cholen-24-
oic acid; A’-3B-ol, 0.6%).2' Figure 3 shows the analysis chart
for this patient.

Fig. 2 Diagnostic system for inborn
errors of bile acid metabolism.

Requesting physician

@ Send sample . @ Notify analysis
and request form @ Apply for analysis © Send request form results and comment
Bile Acid Research Institute ]
@ Analysis of bile acids
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urume Lnversity Health Science University of Hokkaido
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Hiroshima International University,
School of Pharmacy
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Table 1 Diagnostic system for IEBAM and urinary bile acid levels vs disease

[EBAM No. patients Total bile acids Ratio of bile acids (%)
(mmol/mol-ere) ol Added  S-cholen  CA-4'  CDCA-4'  Long chain
hydroxy-
3B-hydroxy-A*-Cyr-steroid 1 56.0 1.6 1.7 94.6 0.2 1.9 0.0
dehydrogenase/isomerase
A*-3-oxo-steroid 5B- 2 114.1 23 0.1 3.1 87.6 6.5 0.0
reductase (primary) 579 6.8 02 0.9 5.1 86.2 0.0
A*-3-oxo-steroid 5pB- 3 9.3 204 0.5 2.3 14.3 60.6 0.0
reductase (secondary) 13.7 5.9 0.4 6.4 2.4 78.5 0.0
44.5 17.6 3.7 2.4 27.8 47.6 0.0
Zellweger 3 126.8 4.0 24.1 0.2 0.0 0.0 71.3
11.2 26.5 57 1.9 0.0 0.0 58.1
41.8 2.5 0.8 1.1 0.0 0.0 89.6
Oxysterol-7o.- 1 293.0 29.4 2.1 67.6 0.1 0.7 0.0
hydroxylase
SLOS 2 33.0 39.7 12.4 40.3 6.8 0.0 0.0
1.5 52.2 52 30.5 0.0 0.0 0.0

Normal: total amounts of cholic acid (CA), chenodeoxycholic acid (CDCA), ursodeoxycholic acid (UDCA), deoxycholic acid (DCA) and
lithocholic acid (LCA); added hydroxy-: total amounts of 1B,30,70,120-tetrahydroxy-5p-cholan-24-oic acid (CA-1B-ol), 2B,30,70,120-
tetrahydroxy-5pB-cholan-24-oic acid (CA-2B-ol), 30,,40,70,,120-tetrahydroxy-5pB-cholan-24-oic acid (CA-4B-ol), 30,60, 70, 120-tetrahydroxy-5p-
cholan-24-oic acid (CA-60.-ol), 1B,30,70-trihydroxy-58-cholan-24-oic acid (CDCA-1B-ol), 2B,30,7a-trihydroxy-5f3-cholan-24-oic acid (CDCA-
2B-ol), 30.,4B,7a-trihydroxy-5B-cholan-24-oic acid (CDCA-4p-ol) and 30,60, 70-trihydroxy-5B-cholan-24-oic acid (CDCA-60.-0l); 5-cholen: total
amounts of 3B-hydroxy-5-cholen-24-oic acid (4>-3B-ol), 3,70-dihydroxy-5-cholen-24-oic acid (4°-3p,70-triol), 3B,7B-dihydroxy-53-cholen-24-
oic acid (A*-3f,7p-triol), 3B,120-dihydroxy-5-cholen-24-oic acid (4°-3B,12¢-0l), 3B,70,120-trihydroxy-5-cholen-24-oic acid (4%-3p,7a-diol) and
3B,7B,120.-trihydroxy-5-cholen-24-oic acid (4°-3B,7B,120-triol); CA-A* total amounts of 70,,120-dihydroxy-3-oxo-4-cholen-24-oic acid (CA-A*-
3-one) 70,120-dihydroxy-3-oxo-chol-4,6-dien-24-oic acid (CA-A®-3-one); CDCA-A*: total amounts of 7o-hydroxy-3-oxo-4-cholen-24-oic acid
(CDCA-A*-3-one) and 7a-hydroxy-3-oxo-chol-4,6-dien-24-oic acid (CDCA-A**-3-one); long chain: total amounts of 3{3,70., [20-trihydroxy-5[3-
cholestan-26-oic acid (THCA) and 3B,70-dihydroxy-53-cholestan-26-oic acid (DHCA).

IEBAM, inborn errors of bile acid metabolism; SLOS, Smith-Lemli-Opitz syndrome.

A%-3-oxo0-steroid 5B-reductase deficiency reduced without a mutation. Among the patients suspected of
In principle this disorder is diagnosed as a primary disorder if a having a primary disorder, however, no genetic mutation can be
genetic mutation is identified in the responsible enzyme and as a detected in many cases and the detailed characteristics of this
secondary disorder if the enzymatic activity is secondarily disorder have yet to be elucidated. Based on the results of urinary

A'-3B,70,120-triol

(a)
IS
A’-3B,Ta-diol
H HO OH
@
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COOH
HO “OH COOH

A°-3B,70-diol

0 “OH o “OH
_____A_JL.«.,.AA__A,_,.NLM.

Retention time

Fig. 3 Total ion chromatogram of urinary bile acids in (a) female 21-year-old patient with 3b-hydroxy-D5-C27-steroid dehydrogenase/
isomerase deficiency and (b) female 26-year-old control. IS, internal standard.
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bile acid analysis, cases were arbitrarily classified as primary
disorders if 3-oxo bile acids accounted for >90% of the total bile
acids and as secondary disorders if the proportion of 3-oxo bile
acids ranged from 70% to 90%.

Primary A*-3-oxo-steroid 5B-reductase deficiency was diag-
nosed in two patients. In one of them the diagnosis was con-
firmed by a gene analysis performed by Ueki et al.” This patient
was a female infant aged 6 months at the time of the request for
analysis. The urinary level of total bile acids was 114.1 mmol/
mol-cre and the proportions of CA-A*-3-oxo bile acid (7a,120-
dihydroxy-3-oxo-4-cholen-24-o0ic acid) and CDCA-A*-3-0x0
bile acids (7o-hydroxy-3-oxo0-4-cholen-24-oic acid) were 87.6%
and 6.5%, respectively. She is now 3 years old and the propor-
tion of CA-A*-3-0x0 bile acids is still high, around 90% in the
abnormal range, but she has no cholestatic symptoms and her
liver function test values and other laboratory values are all
within the normal ranges. The other patient was a male infant
aged 1 month at the time of the request for analysis. The level of
total bile acids was 57.9 mmol/mol-cre and the proportions of
CA-A*3-0x0 bile acids and CDCA-A*-3-oxo bile acids were
5.1% and 86.2%, respectively. He died of liver failure at the age
of 2 months.

A secondary A*-3-oxo-steroid 5P-reductase deficiency was
diagnosed in three patients. A female infant, who was 3 months
old at the time of the request, had moderate jaundice and steat-
orrhea (grayish stool). Abdominal ultrasound indicated marked
atrophy of the liver without ascites. The laboratory values were:
D-Bil 6.3 mg/dL, AST 144 IU/L, y-GTP 28 U/L and s-TBA
118 umol/L. GC-MS indicated that the urinary total bile acid
level was 9.3 mmol/mol-cre and that the proportion of 3-oxo bile
acids was 74.9% (the proportions of CA-A'- and CDCA-A*-3-
oxo bile acids were 14.3% and 60.6%, respectively). Another
patient was a male infant aged 2 weeks at the time of the request.

(a)
/ CA-A%-3-one

CDCA-A*-3-one

IS

.
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He had hyperammonemia and liver failure with D-Bil 2.1 mg/dL
(T-Bil 12.6 mg/dL), AST 37 IU/L and s-TBA 18 umol/L. GC-MS
showed that the urinary total bile acid level was 13.7 mmol/
mol-cre and that the proportion of 3-oxo bile acids was 80.9%
(the proportions of CA-A*- and CDCA-A*-3-oxo bile acids were
2.4% and 78.5%, respectively). The last patient was also a male
infant aged 2 weeks at the time of the request, with D-Bil
193 mg/dL, AST 2071U/L, yGTP 36U/ and s-TBA
232 pmol/L. Biliary scintigraphy indicated an accumulation of
tracer in the liver alone, without excretion of it into the bile ducts.
GC-MS indicated that urinary total bile acid level was
44.5 mmol/mol-cre and that the proportion of 3-oxo bile acids
was 75.4% (the proportions of CA-A*-3-oxo bile acids and
CDCA-A*3-0xo0 bile acids were 27.8% and 47.6%, respectively).
No information on the clinical outcome of these three patients is
available. Figure 4 shows the analysis chart for primary A*-3-
oxo-steroid 5B-reductase deficiency.

Zellweger syndrome

In the process of bile acid biosynthesis, enzymes in the peroxi-
somes play roles in the oxidation and cleavage of the cholesterol
side chain. In patients with Zellweger syndrome, all enzymes in
the peroxisomes are damaged and the levels of bile acid precur-
sors 3a,70,120-trihydroxy-5B-cholestan-26-oic acid (THCA)
and 3o,70-dihydroxy-5B-cholestan-26-oic acid (DHCA) inter-
mediates before side-chain cleavage are elevated. THCA and
DHCA were detected in the samples obtained from three patients,
who were diagnosed with Zellweger syndrome. As observed in
patients with Zellweger syndrome, the levels of THCA and
DHCA are also elevated in patients with peroxisomal thiolase
deficiency (deficiency of an enzyme involved in bile acid metabo-
lism; a single peroxisomal enzyme deficiency), chondrodysplasia
punctata rhizomelic type and pseudo-infantile Refsum disease

CA-A*-3-one
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Abundance

CDCA CA

A*-3-ox0-steroid 5f-

l reductase l

HO
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Fig. 4 Total ion chromatogram of urinary bile acids in (a) female 6-month-old patient with D4-3-oxo-steroid Sb-reductase deficiency and the
(b) female 6-month-old control. CA, cholic acid; CDCA, chenodeoxycholic acid; IS, internal standard.
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(both of which are multiple enzyme deficiencies). These disor-
ders, however, cannot yet be identified on this system. Figure 5
shows the analysis chart for Zellweger syndrome. Bile acid
replacement therapy was performed for two of these three
patients, but all of them died.?

Oxysterol-7a-hydroxylase deficiency

In patients with cholesterol-70-hydroxylase deficiency®” and
those with an oxysterol-7a-hydroxylase deficiency,” high con-
centrations of 3f-hydroxy-3-cholen-24-oic acid (bile acid unhy-
droxylated at position 7) are detected in both the serum and urine.
Because the analysis data could not distinguish these two disor-
ders, genetic testing was performed for a definitive diagnosis.
This patient was an infant aged 5 months at the time of the
request for analysis, who exhibited persistent jaundice. Giant cell
formation was observed in the liver and the following laboratory
values were notable: D-Bil 4.3 mg/dL, AST 1080 IU/L, yv-GTP
45 U/L and s-TBA 4 umol/L. After a genetic analysis, Ueki ef al.
recently made a definitive diagnosis of oxysterol-7a-hydroxylase
deficiency in this infant.** There are two pathways of (choles-
terol) 7o-hydroxylation. One is a neutral pathway in which cho-
lesterol is hydroxylated by cholesterol-7o-hydroxylase and the
other is an acidic pathway in which cholesterol is hydroxylated
and oxidized at position 27 and then hydroxylated by oxysterol-
7o-hydroxylase. In the neutral pathway, cholic acid (CA) and
chenodeoxycholic acid (CDCA) are synthesized, while only
CDCA is synthesized in the acidic pathway. Applying simple
logic to this classification, it can be presumed that both CA and
CDCA are synthesized in patients with oxysterol-7a-
hydroxylase deficiency, while very little CA is synthesized in
patients with cholesterol-70-hydroxylase deficiency. This
patient, however, had a A*>-3B-ol level of 197.6 mmol/mol-cre, a
CA level of 17.1 mmol/mol-cre and a CDCA level of 2.6 mmol/

1S

(@) UDCA
THCA
3
AA. A A ‘L__A; A

mol-cre. The increase in urinary CA level was suggestive of an
oxysterol-7a-hydroxylase deficiency. Figure 6 shows the analy-
sis chart for this patient.

Smith-Lemli-Opitz syndrome

Prior to bile acid analysis by this system, two patients had already
been clinically diagnosed with SLOS. In SLOS patients the syn-
thesis of cholesterol is insufficient due to a decrease in the activ-
ity of 3B-hydroxysteroid A’-reductase, an enzyme involved in the
final step of cholesterol biosynthesis, and the synthesis of ste-
roids and bile acids (both synthesized from cholesterol) is
thereby affected. The urinary total bile acid levels were 33.0 and
1.5 mmol/mol-cre in these two patients. The levels of A’-3f-ol
were 2.1 and 0.30 mmol/mol-cre and those of 3[,7B-dihydroxy
5-cholen-24-oic acid (A>-3[,7B-diol) were 9.3 and 0.15 mmol/
mol-cre. The proportions of 5-cholenic acids to total bile acids
were high, at 40.3% and 30.5%. Figure 7 shows the analysis chart
for these patients.

Discussion

Among the patients with cholestasis of unknown etiology, the
prevalence of IEBAM is reported to be approximately 1-2.5%.%
The prevalence, however, is 6.3%. This difference was consid-
ered to be due to selection of patients for bile acid analysis by
high-risk screening.

In making a diagnosis of IEBAM, urinalysis is generally per-
formed, because the concentration of unusual bile acids is higher
in excreted urine than in serum. Urinalysis findings suggestive of
IEBAM have already been reported. In the patients with IEBAM,
3a-bile acids cannot be synthesized in the liver. Therefore, the
s-TBA level on the enzymatic method in IEBAM was low.
Furthermore, the low concentration of bile acid in the bile duct
may show normal y-GTP.? In fact, the urinalysis findings were

COOH

Retention time

Fig. 5 Total ion chromatogram of urinary bile acids in (a) male 2-month-old patient with Zellweger syndrome and (b) male 2-month-old
control. IS, internal standard; THCA, 30,70, 120-trihydroxy-503-cholestan-26-oic acid; UDCA, ursodeoxycholic acid.
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Fig. 6 Total ion chromatogram of urinary bile acids in (a) male, 5-month-old patient with oxysterol-7a-hydroxylase and (b) male, 5-month-old
control. CA, cholic acid; CDCA, chenodeoxycholic acid; IS, internal standard; UDCA, ursodeoxycholic acid.

useful in making the diagnosis in patients who exhibited no
increase in serum TBA or y-GTP despite the presence of obstruc-
tive jaundice.

In the 10 years that the urinary bile acid analysis system has
been operating, many requests have come from institutions with

physicians specializing in pediatric liver disease (who are located
in certain limited regions of Japan). Requests for a sample analy-
sis have been received from approximately 80% of the pre-
fectures of Japan. Awareness of IEBAM needs to be increased
in regions from which we received no requests for bile acid
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Fig.7 Total ion chromatogram of urinary bile acids in (a) male, 5-year-old patient with Smith-Lemli-Opitz syndrome and (b} male, 5-year-old

control. IS, internal standard; UDCA, ursodeoxycholic acid.
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