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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
CYP7BI1 gene analyses.

PATIENTS AND METHODS
Clinical Course and Laboratory Findings

A female 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 kg). No dysmorphic features
were present. Jaundice and hepatosplenomegaly were
noted. No abnormal neurological signs were elicited.
Her stool was yellowish. The initial results of the labo-
ratory tests included the following: a serum aspartate
aminotransferase level of 803 U/L (normal < 37 U/L),
an alanine aminotransferase level of 345 U/L (normal
< 43 U/1), 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 (nmormal = 4.0-5.2 g/dl), a prothrombin
time of 26.0 seconds (normal = 11.1-15.1 seconds),
and a blood ammonia level of 95 pg/dL (normal < 70
ug/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 y-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 acid (TBA) level was 6.5 pmol/L (nor-
mal < 10 pmol/L). The results of a complete blood
count were within normal limits. 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 initial management included the
administration of medium-chain triglycerides, urso-
deoxycholic acid (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 deteriorated 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 uymol/L). At the
age of 8 months, the patient developed decompen-
sated hepatocellular failure, 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 biopsy. 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 y-gluta-
myltransferase levels, were excluded for our patient
because her serum TBA levels were not elevated
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 positive control samples for
rare bile acids that occur in patients with inborn
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 monitoring of characteristic fragments of
methyl ester/dimethylethylsilyl ether/methoxime bile
acid derivatives, 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 obtained, and analy-
ses of the cholesterol 7¢-hydroxylase gene [cyto-
chrome P450 7Al1 (CYP7AI)] 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 CYP7AI and
CYP7BI genes.®” DNA fragments, which included all
coding regions of the CYP7AI and CYP7Bl genes,
were amplified with PCR.
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Figure 1. Polycystic kidneys in the patient with an oxysterol 7a-
hydroxylase deficiency. (A) Bilateral polycystic kidneys were detected
with contrast-enhanced computed tomography. (B) Microscopy of the
kidneys revealed glomerular microcysts associated with atrophic
glomeruli, cystic dilation of Bowman's capsule {black arrowhead),
and renal tubular dilatation (white arrowhead: hematoxylin and
eosin, original magnification x400). (C) The resolution of the
polycystic changes in the kidneys was demonstrated with contrast-
enhanced computed tomography after LDLT.

Figure 2. Hepatic pathology at the age of 8 months. A
histological examination found features of neonatal hepatitis,
which included giant cell transformation of hepatocytes and
bridging fibrosis [hematoxylin and eosin, original magnification
(A) x100 or (B} x40].

After enzymatic processing with ExoSAP-IT (USB
Corp., Cleveland, OH), the direct sequencing of the
amplified PCR products was undertaken with the
DTCS quick-start kit (Beckman Coulter, Inc., Fuller-
ton, CA) according to the manufacturer’s protocol; the
primers were the same as those used for PCR amplifi-
cation. The sequencing reaction product was analyzed
electrophoretically with the SEQ2000XL analyzer
(Beckman Coulter, Inc., Brea, CA).

Two putative mutations were found in the patient.
Subsequently, the patient’s parents and 103 healthy
individuals were screened for these 2 mutations by a
direct sequence analysis or by the digestion of the
appropriate PCR fragment with a restriction enzyme.

RESULTS
Hepatic and Renal Pathology

At the time of LT, the patient’s liver weighed 541 g; it
was atrophic and had irregular surface contours. A
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TABLE 1. Initial, Pre-LT, and Post-LT Analyses of Bile Acids During UDCA Treatment
Analysis Analysis After LT
Initial Analysis: Before LT:
6 Months Old 8 Months Old 9 Months Old 28 Months Old
Serum (pmol/L)
CA ND 1.8 7.6 —
CDCA 1.1 9.5 2.1 —
Deoxycholic acid 0.2 ND ND —_
UDCA 21.2 34.0 6.5 —
3B-Hydroxy-5-cholen-24-oic acid 7.3* ND ND —_
Polyhydroxylated bile acids ND 0.1 ND —
TBAs 29.8 45.4 16.2 —
Urine {pmol/mmol of creatinine)
CA 3.5 5.5 0.2 0.2
CDCA 1.3 0.7 Trace Trace
Deoxycholic acid 0.1 ND ND ND
Lithocholic acid 0.1 ND ND ND
UDCA 59.2 88.1 1.3 1.3
3B-Hydroxy-5-cholen-24-oic acid 41.7* 4.4% ND ND
Polyhydroxylated bile acids 1.5 3.0 0.1 0.1
Allo-bile acids 0.1 0.1 ND ND
Unsaturated ketonic bile acids 2.0 7.3 ND ND
Other unsaturated bile acids 0.2 0.7 ND ND
TBAs 109.7 109.8 1.6 1.6
NOTE: A dash indicates that the test was not performed. )
*The percentage of TBAs was 24.5%, and the percentage with UDCA excluded from the denominator was 84.9%.
"The percentage of TBAs was 38.0%, and the percentage with UDCA excluded from the denominator was 82.9%.
*The percentage of TBAs was 4.0%, and the percentage with UDCA excluded from the denominator was 20.3%.

liver biopsy sample showed changes consistent with
micronodular cirrhosis; there were wide bands of fi-
brous tissue, marked lobular disarray, and frequent
giant cell transformation (Fig. 2A,B). A renal biopsy
sample revealed glomerular microcysts (Fig. 1B).

Clinical Course After LDLT

After an uneventful postoperative course, the patient
was discharged on postoperative day 43; at this time,
her therapy comprised oral tacrolimus, a corticoste-
roid, and UDCA. Subsequently, after 20 months of fol-
low-up when the patient was 29 months old, her
treatment consisted of only oral tacrolimus (0.07 mg/
kg/day) and UDCA (5.8 mg/kg/day). At that time, the
results of routine liver function tests were normal,
and her growth and development were satisfactory
(height = 89.1 cm, weight = 13.8 kg).

After LDLT, the renal cysts (Fig. 1C) and the rachitic
bone lesions were resolved.

Biochemical Identification of an Inborn
Error of Bile Acid Synthesis

An analysis of the bile acids present in her serum and
urine during UDCA therapy when the patient was 6
months old detected large amounts of the rare bile
acid 3p-hydroxy-5-cholen-24-oic acid (Table 1). In
addition, small amounts of other uncommon bile
acids, such as 3p-dihydroxy-A® bile acids, allo-bile

acids, and 3-oxo-A* bile acids, were also detected in
her urine. Common bile acids [eg, cholic acid (CA),
chenodeoxycholic acid (CDCA), deoxycholic acid, and
lithocholic acid] were absent or were detected only in
small amounts in her serum and urine. 3p-Hydroxy-
5-cholen-24-oic acid accounted for 84.9% and 82.9%
of TBAs (with UDCA excluded) in her serum and
urine, respectively. In the absence of a standard sam-
ple for 3p-hydroxy-5-cholen-27-oic acid, this bile acid
could not be accurately measured in samples from
the patient.

The concentrations of common bile acids in her se-
rum and urine at 8 months were higher than those at
6 months. The concentration of TBAs in her serum
was also higher at 8 months. The concentration of 3p-
hydroxy-5-cholen-24-oic acid in her urine was lower
at 8 months, but the concentrations of other uncom-
mon bile acids were higher (Table 1). After LDLT, the
concentrations of bile acids in her serum and urine
tended to normalize; in particular, uncommon bile
acids could not be detected in her serum or urine (Ta-
ble 1). The results of analyses of bile acids in speci-
mens from the parents (before LDLT) are shown in Ta-
ble 2.

Identification of Defects in the CYP7B1 Gene

Two heterozygous mutations of the CYP7BI gene (but
no mutations of the CYP7AIl gene) were identified.
One heterozygous mutation (R112X) was found in
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TABLE 2. Analysis of the Parents’
Bile Acids Before LDLT
Mother
Father (Donor)
Serum (umol/L)
CA — ND
CDCA — 0.5
Deoxycholic acid — 0.4
Lithocholic acid — ND
UDCA — ND
3pB-Hydroxy-5-cholen-24-oic acid — ND
TBAs — 0.9
Urine {(umol/mmol of creatinine)
CA Trace 0.2
CDCA Trace Trace
Deoxycholic acid Trace  Trace
Lithocholic acid ND ND
UDCA Trace Trace
3B-Hydroxy-5-cholen-24-oic acid ND ND
Polyhydroxylated bile acids ND Trace
Other unsaturated bile acids ND ND
TBAs Trace 0.2
NOTE: A dash indicates that the test was not performed.

exon 3 at nucleotide 538; R112X is a previously
reported C-to-T substitution that changes arginine
(CGA) to a stop codon (TGA) at amino acid position
112.%2 The other heterozygous mutation (R417C),
which has not been reported previously, is a C-to-T
substitution in exon 6 at nucleotide 1453; it results in
a substitution of cysteine (TGT) for arginine (CGT) at
amino acid position 417. R112X was detected in the
father but was absent in the mother and 103 healthy
controls. R417C was detected in the mother but was
absent in the father and 103 healthy controls.

The previously cited nucleotide numbers indicating
the positions of the individual mutations are based on
GenBank accession number NM_004820.

DISCUSSION

Our patient manifested clinical and laboratory fea-
tures that are associated with an oxysterol 7a-hydrox-
ylase deficiency: progressive jaundice beginning soon
after birth, hepatomegaly, conjugated hyperbilirubine-
mia unaccompanied by pruritus, an absence of nor-
mal TBA concentrations in serum (measured enzy-
matically with 3a-hydroxysteroid dehydrogenase),
normal serum y-glutamyltransferase levels, and pro-
gressive intrahepatic cholestasis associated with
severe hepatic fibrosis.?® High levels of 38-monohy-
droxy-A® bile acids in her serum and urine and a
compound heterozygous mutation in the CYP7BI
gene were detected. She underwent LDLT, after which
the features of cholestatic liver disease were resolved.
Macroscopically, the surface of the excised liver was
dark brown and was characterized by many large
nodules. The patient’s liver was found to have the fol-

lowing microscopic features: giant cell transformation
of hepatocytes (Fig. 2A); consistent and prominent
portal zone inflammation; periportal fibrosis, which
had progressed to micronodular cirrhosis associated
with bile ductular proliferation by 8 months (Fig. 2B);
and bile plugs in a few cholangioles and hepatocytes
but not in interlobular ducts. These findings agreed
with those reviewed by Bove et al.® Interestingly, poly-
cystic changes in the kidneys were demonstrated by
computed tomography; such changes also occur in
patients with Zellweger syndrome.® Her renal function
was normal despite the cystic renal lesions (Fig. 14).
A microscopic examination of her kidneys revealed
glomerular microcysts associated with atrophic glo-
meruli, cystic dilation of Bowman'’s capsule, and renal
tubular dilation (Fig. 1B). The cause of these renal
changes has not been established; they may have
arisen because of renal toxicity induced by certain
bile acids (especially monohydroxy bile acids such as
3B-hydroxy-5-cholen-24-oic acid).

After LDLT, the levels of uncommon toxic bile acids
such as 3B-monohydroxy-A® bile acids decreased, pre-
sumably because of the increased activity of oxysterol
7a-hydroxylase, and the polycystic changes in the kid-
neys were resolved.

The level of 3B-hydroxy-5-cholen-24-oic acid as a
percentage of TBAs and the absolute concentration of
this bile acid in her serum and urine decreased
between the first and second analyses of the bile acids
{the interval was only 2 months; see Table 1). The
changes indicated that the main pathway for bile acid
metabolism had changed from the acidic pathway to
the classic pathway; the activity of cholesterol 7o
hydroxylase gradually increased from the late neona-
tal period to late infancy, even though the C,; bile
acid present in patients with this disease, a 3B-mono-
hydroxy-A®-Cy; bile acid,? is a high-affinity ligand for
farnesoid X receptor (FXR; Fig. 3).'° We suggest that
the level of activity of cholesterol 7a-hydroxylase in
this patient (ie, a low level or none) is consistent with
previous physiological observations establishing that
the activity of cholesterol 7a-hydroxylase is low or
absent in the fetal and early neonatal periods.!!"!2

Progressive liver disease in patients with this condi-
tion may be exacerbated by the accumulation of 38-
hydroxy-5-cholen-24-oic acid; our patient had devel-
oped cirrhosis by the age of 8 months. Clearly, there
is a need for a novel treatment that promotes the
excretion of toxic monohydroxy bile acids such as 3f-
monohydroxy-A® bile acids. Currently, orthotopic LT
is the only therapeutic option. Any new treatment
ideally would prevent the development of cirrhosis af-
ter the diagnosis is made in the early neonatal period.
An early diagnosis would be facilitated by screening
for inborn errors of bile acid synthesis: urine samples
would be subjected to liquid secondary ionization
mass spectrometry.'®

Primary bile acid therapy with CA, CDCA, or both is
effective in the treatment of inborn errors of bile acid
synthesis.'*'® In our patient, however, CYP7AI
enzyme activity in the classic pathway would have
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Figure 3. Flow chart showing the effects of an oxysterol 7o-hydroxylase deficiency. The reduced synthesis of primary bile acids from
cholesterol in the classic pathway is associated with the increased synthesis of 3f-monohydroxy-A® bile acids in the acidic pathway.
The 3f-monohydroxy-A® bile acids (especially 3B-monohydroxy-A°-Cy7 acid), which have a high affinity for FXR, lead to reduced
cholesterol 7o-hydroxylase activity. However, the activity of cholesterol 7u-hydroxylase may increase from the late neonatal period to
late infancy when the main pathway of bile acid synthesis changes from the acidic pathway to the classic pathway.

been suppressed via FXR by therapeutic doses of pri-
mary bile acids; consequently, toxic intermediates of
bile acid synthesis such as 3p-monohydroxy-A®-Cs
bile acid in the acidic pathway would have accumu-
lated. We suggest that this patient may have benefited
at an early stage from mild suppression of CYP7AI
induced by low-dose primary bile acid therapy.
Because our patient was diagnosed at a late stage,
primary bile acid therapy was not attempted.

The human CYP7BI gene contains 6 coding exons
that correspond to 506 amino acids; so far, 2 distinct
mutations that result in an oxysterol 7u-hydroxylase
deficiency have been reported.?® Qur patient had 2
heterozygous mutations, R112X and R417C, in the
CYP7B1 gene. The previously reported R112X hetero-
zygous nonsense mutation in exon 3 was identified in
the father but not in the mother or in control subjects.
The novel R417C heterozygous missense mutation in
exon 6 was identified in the mother but not in the
father or in control subjects. The patient received 1
allele containing the R112X mutation from the father
and another allele containing R417C from the mother.

Thus, the patient was a compound heterozygote for
the CYP7BI1 gene.

Screening for the potentially informative mutation
R417C was undertaken for 103 healthy individuals,
but this mutation was absent in all of them. Moreover,
the R417C mutation was predicted to probably have
an adverse effect (score = 1.000) by an analysis with
Polymorphism Phenotyping version 2.'¢ Accordingly,
we believe that the R417C mutation may have con-
tributed to a loss of function of oxysterol 7a-hydroxy-
lase in our patient.

LT is an established treatment for patients with
heritable metabolic disorders. For our patient, we
obtained an allograft from her mother. After LDLT,
all abnormal effects of chronic cholestatic liver dis-
ease were gradually resolved. When an appropriate
parent is available as the donor, LDLT represents an
effective treatment option for pediatric patients with
heritable metabolic disorders.!” In pediatric patients
with autosomal recessive disorders, the parent who
serves as the donor is almost always a heterozygote.
Morioka et al.'” confirmed that transplantation from
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heterozygous donors does not have a negative impact
on either the donor or the recipient. However, when
the effects of the disease are less hepatospecific than
the effects in our patient, additional treatment may be
necessary to optimize the outcome after LDLT.

In conclusion, we have reported the first Japanese
patient with an oxysterol 7«-hydroxylase deficiency and
compound heterozygous mutations (R112X and R417C)
in the CYP7BI gene. LT with an allograft obtained from
a heterozygous living donor was followed by the resolu-
tion of the manifestations of the disease.
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Maternal and fetal circulation of unusual bile acids: A pilot study
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Abstract Background: Large amounts of unusual bile acids are synthesized by the fetal liver in late gestation. These compounds
are mostly transferred from fetus to mother, although some are excreted into the amniotic fluid. We investigated the role
of placental transfer of bile acids in fetal bile acid metabolism, particularly with respect to the unusual bile acids
(1B-hydroxylated and ketonic bile acids).

Methods: We measured concentrations of bile acids in umbilical cord blood and urine of newborn infants, and in
perinatal maternal serum and urine, using gas chromatography-mass spectrometry. Serum and urine specimens from
healthy non-pregnant women were used as controls.

Results: In newborn infants at delivery, cord blood and urine contained mostly primary and 1B-hydroxylated bile acids,
respectively. We also detected large amounts of ketonic bile acids in their urine, and the urinary concentration of total
bile acids was elevated. Main maternal bile acids at 30 and 35 weeks of gestation and at delivery were 1B-hydroxylated
bile acids. After delivery, main bile acids changed from 1B-hydroxylated bile acids to primary bile acids (P < 0.03),
which also predominated in healthy non-pregnant women.

Conclusion: Fetally synthesized unusual bile acids were transported from fetus to mother. Pregnant women appear to
excrete these bile acids into the urine, lowering both fetal and maternal serum bile acid concentrations.

Key words

A variety of unusual bile acids have been identified in fluids such
as urine, amniotic fluid, meconium, and biliary bile from the
human fetus and newborn.!® These findings suggest the existence
of an altered pathway of bile acid metabolism in the fetal liver
resembling the pathway in livers of patients with cholestasis.
Large amounts of unusual bile acids are synthesized by the fetal
liver late in gestation. These compounds are mostly transferred
from fetus to mother,” with some being excreted into amniotic
fluid.*

Our study objective was to examine in detail the qualitative
and quantitative bile acid composition of serum and urine from
healthy pregnant women obtained at different times during late
gestation and within the first month after delivery, comparing the
findings with serum and urine bile acid composition in healthy
non-pregnant women. We also analyzed bile acids in umbilical
cord blood and urine of newborn infants at delivery.

We suspected that placental transport of bile acids from fetus
to mother relates importantly to aspects of fetal bile acid metabo-
lism, such as synthesis of unusual bile acids like 1B-hydroxylated
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fetal bile acid, ketonic bile acid, perinatal bile acid metabolism, placenta.

and unsaturated ketonic bile acids. To test this hypothesis, we
compared concentrations of bile acids in umbilical cord blood
and urine of newborn infants to concentrations in maternal serum
and urine. Analysis of these data elucidated important aspects of
perinatal bile acid metabolism in late gestation.

Methods
Study design

This pilot study was intended to demonstrate placental bile acid
transfer between fetus and mother. We determined serum and
urinary bile acid composition in five healthy pregnant women at
intervals from the gestational ages of 30 weeks to 1 month after
delivery, as well as umbilical cord blood and urinary bile acid
composition in their five newborn infants. The data were com-
pared with serum and urinary bile acid composition of healthy
non-pregnant women. Informed consent for observation and
analysis was obtained from each pregnant and non-pregnant
woman studied. The Kurume University Ethics Committee
approved the study protocol for this human research at Kurume
University School of Medicine.

Sample collection

Serum and urine samples were collected from five healthy preg-
nant women (mean age, 30 years; range, 21-40) whose serum
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acids. Peak numbers and compounds are the same as in Table 1.

and urine were sampled serially at 30 weeks of gestation, 35
weeks of gestation, at delivery, 7 days after delivery, and 1 month
after delivery. Serum and urine samples were also obtained from
five healthy non-pregnant women (mean age, 30 years; range,
29-31). Serum and urine samples were obtained before breakfast
from both pregnant and non-pregnant women. We also obtained
umbilical cord blood and urine samples from the five newborn
infants at delivery (four male and one female; mean gestational
age, 39.8 weeks [range, 39.1-40.5]; mean birthweight, 3105 g
[range, 2714-3562 g]). Each sample was stored at —25°C until
assay. Concentrations of individual bile acids in urine from each
subject were corrected for creatinine (Cr) concentration and
expressed as pmol/mmol of Cr, while concentrations of indi-
vidual bile acids in serum from each subject were expressed as
pmol/L.

Materials and reagents

The following bile acids were synthesized as described
previously:*'®  1B,3a,70,120-tetrahydroxy-5B-cholan-24-oic
acid; 1B,30,7o-trihydroxy-5B-cholan-24-oic acid; 3B,7a,120-
trihydroxy-5-cholen-24-oic acid; 3B,70-dihydroxy-5-cholen-24-
oic acid; 70,120-dihydroxy-3-oxo-4-cholen-24-oic acid; and
Ta-hydroxy-3-oxo-4-cholen-24-oic acid. Cholic, chenodeoxy-
cholic, deoxycholic, lithocholic, hyocholic, ursodeoxycholic, and
3B-hydroxy-5-cholen-24-oic acids were obtained from Sigma
Chemical (St. Louis, MO, USA).

Gas chromatography-mass spectrometry

Gas chromatography-mass spectrometry (GC-MS) was per-
formed with a Hewlett-Packard 5972A instrument (Hewlett-

Packard Japan, Tokyo, Japan) using an HP-5MS gas
chromatographic column (30 m x 0.25 mm L.D.; film thickness,
0.25 um; and a fused silica capillary column bound with meth-
ylsilicon from J & W Scientific, Folsom, CA, USA) with column
temperature programmed to increase from 170°C to 230°C at
10°C/min and from 230°C to 300°C at 5°C/min. Helium was
used as the carrier gas at a flow rate of 45 cm/s. Mass spectra
were recorded at an ionization energy of 70 eV with an ion source
temperature of 300°C. Figure 1 shows a chromatogram obtained
by selected ion monitoring of the characteristic fragments of the
methyl ester-trimethylsilyl ether (Me-TMS) derivatives of a
mixture of reference bile acids.

Derivatization of bile acids for GC-MS analysis

Bile acids were extracted from the solution using a Bond Elut
C18 cartridge (3 mL, Varian, Harbor City, CA, USA). The car-
tridge was washed with water (5 mL), and bile acids were eluted
with ethanol (5 mL). After evaporation of solvents, the residue
was dissolved in 1 mL of 90% aqueous ethanol. The solution was
applied to a piperidinohydroxypropyl dextran gel column (Shi-
madzu, Kyoto, Japan; 30 m x 6 mm 1.D.), which had been equili-
brated with 90% aqueous ethanol. After the column was washed
with 90% ethanol (4 mL) to remove neutral compounds, bile
acids were eluted with 0.1 M acetic acid in 90% ethanol (5 mL).
Following evaporation, purified bile acids were derivatized to
methyl esters, using diazomethane at room temperature for
10 min. After removal of excess regent, the trimethylsilyl ether
was obtained by heating the residue with 30 gL of dimethyleth-
ylsilylimidazole (Tokyo Kasei, Tokyo, Japan) at 60°C for 40 min.

© 2011 The Authors
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Table 1 Gas chromatography-mass spectrometric data for methyl ester-trimetylsilyl ether derivatives of bile acids

No. Bile acid Base peak (m/z) Fragment ions (m/z)
Common bile acids
1. Cholic acid 253+ 343, 368
2. Chenodeoxycholic acid 3707 255, 355
3. Deoxycholic acid 255% 370, 460
4. Lithocholic acid 215 257, 372%
1B- and 60-hydroxylated bile acids
5. 1B,30,70,120-Tetrahydroxy-53-cholan-24-oic acid 217% 251, 366
6. 1B,30,70-Trihydroxy-5B-cholan-24-oic acid 217 368, 458
7. Hyocholic acid 458+ 147, 369
Isomerized 7B-hydroxylated bile acid
8. Ursodeoxycholic acid 460t 255, 370
3B-Hydroxyl-A’-bile acids
9. 3B,7a,120-Trihydroxy-5-cholen-24-oic acid 54671 209
10. 3B,7a-Dihydroxy-5-cholen-24-oic acid 458+ 209
11. 3B-Hydroxy-5-cholen-24-oic acid 129 249, 3317
Unsaturated ketonic bile acids
12. 70,12a-Dihydroxy-3-oxo-4-cholen-24-oic acid 3827 267, 472
13. 7o0-Hydroxy-3-oxo0-4-cholen-24-oic acid 384+ 459, 474
1S.30,70-Dihydroxy-24-nor-5B-cholan-23-oic acid 431 356+

tFragment ions used for selected ion monitoring. IS, internal standard.

The resulting preparation was applied to a silica gel column
(30 m x 6 mm 1.D.) and eluted with n-hexane/ethyl acetate (3:1
by volume). Derivatized bile acids were recovered from the first
5 mL of effluent, and the solvent was evaporated to dryness under
reduced pressure. The residue was dissolved in n-hexane (50 pL),
and an aliquot of 1 pL was injected into the GC-MS system.

We obtained calibration curves for determination of bile acids
by plotting peak area ratios corresponding to the monitored inter-
nal standard versus the amount of each bile acid. A linear corre-
lation was obtained (r > 0.976) over a range of 1.5~10 ng for each
bile acid." In particular, polyhydroxylated bile acids showed a
good correlation, but using our method, 7o,120-dihydroxy-3-
0x0-4,6-cholen-24-oic and 70-hydroxy-3-oxo0-4,6-cholen-24-oic
acids were produced from 70,120-dihydroxy-3-oxo-4-cholen-
24-oic, and 7a-hydroxy-3-oxo-4-cholen-24-oic acids during
preparation of the sample. We therefore believe that 3-oxo-bile
acids were derivatized to methoximes after addition of the inter-
nal standard to the sample."

Analysis of bile acids

Samples of human biologic fluids were prepared routinely for
GC-MS analysis as described in our previous reports.'™** Briefly,
an internal standard (30, 7c-dihydroxy-24-nor-58-cholan-23-oic
acid, 2 pg) was added to 0.5 mL of sample. Conjugated bile acids
were extracted from solution using a Bond Elut C18 cartridge as
described above. After solvents had evaporated, the residue was
subjected to enzymatic hydrolysis by 150 U of sulfatase type H-1
from Helix pomatia (Sigma Chemical) in 200 pL of 0.05M
sodium acetate buffer (pH 5.6) with 200 uL of 0.6 mM dithio-
threitol, 200 pL of 0.05 M ethylenediaminetetraacetic acid, and
100 mL of distilled water, at 37°C for 12 h. Resulting unconju-
gated bile acids were re-extracted with a Bond Elut C18 car-
tridge. The cartridge was washed with 5 mL of distilled water and
eluted with 5 mL of 90% ethanol. Unconjugated bile acids were

© 2011 The Authors
Pediatrics International © 2011 Japan Pediatric Society

extracted with piperidinohydroxypropyl dextran gel, eluted with
5mL of 0.1 M acetic acid in 90% ethanol, and converted to
Me-TMS derivatives for GC-MS analysis.

Identification and quantitation of individual bile acids

GC-MS data for individual bile acids are summarized in Table 1,
including their characteristic fragment ions and relative
abundance.

Statistical analysis

Data are reported as the mean + SD. One-way ANOVA was used to
determine the significance of differences between groups. Com-
parisons of categorical data between groups were made with the
Aspin—-Welch t-test. A P-value less than 0.05 was accepted as
indicating statistical significance.

Results

In the serum of pregnant and healthy non-pregnant women
(Table 2), main bile acids relative to total serum bile acids
included primary (cholic and chenodeoxycholic) and secondary
(deoxycholic and lithocholic) bile acids. We noted no change in
the ratio of main to total bile acids between pre- and post-delivery
samples. Serum concentrations of total bile acids also did not
change.

On the other hand, in urine from pregnant women (Table 3),
the main bile acids among total bile acids were 1f-hydroxylated
bile acids at 30 and 35 weeks’ gestational age (P < 0.03) and at
delivery. Main bile acids relative to total bile acids changed after
delivery from 1B-hydroxylated bile acids to primary bile acids,
the main urinary bile acids detected in healthy non-pregnant
women. Relative to total bile acids, unsaturated ketonic bile acids
made up a higher percentage after delivery and in healthy non-
pregnant women than before delivery and at delivery. The
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Table 2 Bile acid composition of serum in women before and after delivery

Bile acid (Compound Gestational age Gestational age At delivery 7 Days after 1 Month after Healthy non-pregnant
number in Table 1) 30 weeks (n=5) 35 weeks (n =5) (n=135) delivery (n=5) delivery (n =5) women (n = 5)
Primary bile acids (1,2) 59.88 £ 12.17 68.20 + 12.44 58.82 £ 9.84 69.50 + 8.38 55.28 +7.39 64.82 + 16.73
[47.0-76.3] [52.9-83.7] [47.3-68.5] [62.4-78.6] [44.4-64.4] [36.9-80.1]
Secondary bile acids (3,4) 23.86 £ 15.33 18.52 + 13.09 20.80 + 15.63 20.64 + 8.74 25.38 + 14.11 19.30 + 21.85
[1.7-37.2] [2.4-32.8] [7.4-43.0] [13.4-32.1] [9.1-42.9] [1.3-55.0]
1B-Hydroxylated bile acids (5,6) 230 + 1.08 1.66 = 1.09 1.68 £ 0.45 1.94 £2.28 1.76 + 0.96 370 £ 1.42
[1.24.0] [0.3-3.3] [1.1-2.3] [0.6-6.0] [0.5-2.7] [1.8-5.0]
Hyocholic acid (7) 0.84 +0.20 0.72 £ 0.26 3.70 £ 6.32 0.70 + 0.58 0.70 £ 0.34 Trace
[0.6-1.1] [0.3-1.0] [0.7-15.0] [0.2-1.7] [0.3-0.8]
Ursodeoxycholic acid (8) 10.60 *+ 5.51 9.12+4.39 9.90 + 7.99 498 +£2.54 1478 + 12.34 11.76 = 8.74
[3.7-18.8] [3.7-13.6] [4.1-23.4] [0.7-6.8] [5.7-35.2] [2.5-23.3]
3B-Hydroxylated bile acids (9-11) 248 £1.25 1.90 £ 1.25 1.62 £ 0.46 222 £2.57 2.10 £ 1.17 0.42 £0.18
[1.3-4.5] [0.4-3.8] [1.0-2.1] [0.7-6.8] [0.6-3.4] [0.2-0.6]
3-Oxo-A*-bile acids (12,13) Trace Trace Trace Trace Trace Trace
Total bile acids (mol/L) 3.69 £ 1.56 7.38 +7.64 544 +1.92 6.65 = 3.80 5.93 +4.97 8.82 £ 1.35
[1.8-6.0] [2.1-20.8] [3.7-8.4] [1.2-11.8] [2.6-14.5] [4.8-15.4]
All data are mean + SD (% of total bile acids). [ ], sample range.
Table 3 Bile acid composition of urine in women before and after delivery
Bile acid (Compound number in Gestational age Gestational age At delivery 7 Days after delivery 1 Month after Healthy non-pregnant
Table 1) 30 weeks (n=5) 35 weeks (n = 5) (n=15) (n=235) delivery (n=5) women (n = 5)
Primary bile acids (1,2) 10.98 +£9.18 12.80 £ 7.63 14.72 + 7.69 29.80 + 17.39 19.64 + 8.52 2540 + 12.39
[5.6-27.3] [5.1-25.0] [2.7-21.7] [12.5-50.0] [10.0-28.6] [11.1-38.5]
Secondary bile acids (3,4) 15.04 £ 10.11 16.62 +7.32 15.44 + 16.23 18.11 £ 10.78 20.52 + 8.04 10.86 + 13.86
[4.0-30.8] [8.8-27.3] [3.3-43.5] [6.3-30.8] [11.1-28.6] [trace — 33.3]
1B-Hydroxylated bile acids (5,6) 50.44 + 13.28%,% 46.50 + 10.02§ 44.36 = 17.69 19.42 + 6.83 16.22 + 8.38 17.38 £ 10.71
[27.3-60.0] [29.2-54.5] [19.6-67.6] [11.5-25.0] [7.1-28.6] [9.5-33.3]
Hyocholic acid (7) 542 +7.29 6.94 + 8.10 8.58 + 6.09 7.53 +9.46 9.40 + 7.82 538 £3.23
[trace — 18.2] [trace — 20.8] [2.7-16.7] [trace —8.3] [trace 20.0] [trace — 7.7]
Ursodeoxycholic acid (8) 6.18 + 4.61 6.68 + 5.69 5.14 £ 3.65 6.46 +4.75 16.92 + 14.53 14.20 = 10.98
[trace — 12.0] [trace — 14.7] [0.9-10.0] [trace — 18.8] [trace — 38.9] [trace — 23.1]
3B-Hydroxylated bile acids (9-11) 526 £3.37 320 £338 3.64 +2.57 7.68 + 8.85 598 £ 6.27 6.06 = 4.09
[trace — 8.3] [trace — 7.7] [1.7-8.1] [trace — 18.8] [trace — 14.3] [trace — 11.1]
3-Ox0-15-A*bile acids (12,13) 8.28 +0.52 7.36 +2.44 8.14 + 1.99 13.50 + 7.98 11.36 = 3.06 10.20 £ 7.63
[7.7-9.1] [4.2-10.3] [5.9-10.9] [7.7-25.0] [7.1-14.3] [6.7-23.1]
Total bile acids (utmol/mmol Cr) 029 +£0.14 0.47 £ 047 0.56 £ 0.33 0.17 £ 0.09 0.11 £ 0.05 0.14 + 0.04
[0.1-0.5] [0.1-0.4] [0.3-1.1] [0.1-0.3] [0.1-0.2] [0.1-0.2]

All data are mean * SD (% of total bile acids). [ ], sample range. TP < 0.05 vs 7 days after delivery. 2P < 0.03 vs 1 month after delivery, and healthy non-pregnant women. §P < 0.05 vs

1 month after delivery.
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Table 4 Bile acid composition of umbilical cord blood and urine in newborn infants

Bile acid (Compound number in Table )

Umbilical cord (n =5)

Urine (n=15)

Primary bile acids (1,2)
Secondary bile acids (3,4)
1B-Hydroxylated bile acids (5,6)
Hyocholic acid (7)
Ursodeoxycholic acid (8)
3B-Hydroxylated bile acids (9-11)
3-Oxo-A*-bile acids (12,13)

Total bile acids

70.38 £+ 13.02 [51.2-86.2]
5.26 £ 3.46 [2.4-10.3]
234 +£0.72 [1.4-3.4]
5.92 +£9.28 [0.9-22.5]
7.50 £ 6.22 [4.2-18.6]
246 +1.26 [1.0-4.4]
1.36 + 2.38 [trace -5.6]
3.82 + 1.35 (umol/L) [2.1-5.7]

530 £ 2.25 [2.3-8.3]
1.08 + 0.67 [trace —1.7]
66.44 + 14.81+ [62.1-80.3]
472 £ 225 [2.3-8.3]
0.76 + 0.87 [trace ~2.1]
434 + 1.49 [2.9-6.4]
16.56 + 14.45 [6.3-40.3]
2.14 + 0.97% (umol/mmolCr) [1.0-3.5]

All data are mean £ SD (% of total bile acids); [], sample range. TP < 0.001 vs 7 days and 1 month after delivery, and healthy non-pregnant
women in Table 3. £P < 0.001 vs 30 and 35 weeks of gestation, at delivery, 7 days and 1 month after delivery, and healthy non-pregnant women

in Table 3.

concentration of total bile acids excreted was higher before deliv-
ery and at delivery than after delivery or in healthy non-pregnant
women.

In newborn infants (Table 4), main bile acids in umbilical cord
blood and urine were primary and 1B-hydroxylated bile acids,
respectively. We also detected large amounts of unsaturated
ketonic bile acids in urine, and the concentration of urinary total
bile acids was elevated compared to pregnant and healthy non-
pregnant women.

Discussion

We previously reported that the fetus synthesized large amounts
of unusual bile acids, such as 1B-hydroxylated and unsaturated
ketonic bile acids, and that these compounds were conveyed from
fetus to mother by placental transfer. We also suggested that
pregnant women may excrete large amounts of bile acids into the
urine to control the serum concentration of bile acids in the
fetus.'® Moreover, during the perinatal period, unusual bile acids
probably facilitate bile acid excretion, and bile acid metabolism
in both mothers and infants changes significantly after birth.’”

In this study, the serum bile acid composition in women
before and after delivery showed primary bile acids as the main
bile acids, and the serum concentration of total bile acids was
essentially the same in each group during this study. As before,
the overall findings indicated that the large amounts of bile acids
excreted into the urine by pregnant women would act to control
the serum concentration of bile acids in both fetus and mother.'s
Specifically, the proportion of 1B-hydroxylated bile acids as well
as total bile acids were increased in urine from pregnant women
between 30 weeks of gestational age and delivery. These
increased urinary bile acids reflect the presence of subclinical
intrahepatic cholestasis resulting from pregnancy. Bile acids in
urine obtained from pregnant women before delivery, including
mainly 1B-hydroxylated bile acids, is significantly higher than
amounts seen in mothers after delivery. Also, total urinary bile
acid concentrations before delivery and at delivery were higher
than after delivery. Further, in urine of women after delivery, the
main bile acids consisted of primary bile acids. The changes in
urinary bile acids during pregnancy may facilitate excretion of
fetal bile acids by the maternal kidney.

The main bile acids in umbilical cord blood consisted of
primary bile acids, while the main bile acid composition in urine

© 2011 The Authors
Pediatrics International © 2011 Japan Pediatric Society

from newborn infants consisted of 1B-hydroxylated and unsatur-
ated ketonic bile acids; the urinary data are in agreement with our
previous reports.>®*!> Also interesting is the finding that unsat-
urated ketonic bile acids in umbilical cord blood were increased
more than in maternal blood. This finding supports placental
transfer of unsaturated ketonic bile acid from fetus to mother.
These toxic bile acids were not only excreted into amniotic fluid
by fetal urine but additionally into maternal urine after placental
transfer to the mother.

A high concentration of unsaturated ketonic bile acids
(3-0x0-A* bile acids) in urine has been associated with deficiency
in, or reduction of, 3-oxo-A*-steroid 5B-reductase (5B-reductase)
activity, an enzyme that catalyzes conversion of 3-oxo-A* C27
sterol intermediates to 3-oxo-5@ products in the classical
pathway for primary bile acid synthesis.”” In this study, we
detected large amounts of 3-oxo-A* bile acids in the urine of
pregnant women and newborn infants. This condition reflects
normal development of bile acid metabolism, including the initial
immaturity of hepatic enzymes, such as 5B-reductase, in fetuses
and newborn infants. At 1 month after delivery and in healthy
non-pregnant women, we detected only a small amount of
3-0x0-A* bile acids in urine, probably arising from actions of
bacterial flora.'

Polyhydroxylated bile acids, such as 1P-hydroxylated bile
acids, and 3-oxo-A* bile acids, are excreted readily in the urine
after these fetally synthesized bile acids are transported from
hepatocytes to the sinusoids by multidrug resistance-associated
protein 3, which is localized within hepatocytes along the baso-
lateral membrane.'® Once these bile acids reach the kidney via the
circulation, they are rapidly excreted into the urine.

In conclusion, the fetus synthesizes unusual bile acids, such as
1B-hydroxylated and unsaturated ketonic bile acids, which are
then transported from fetus to mother. Maternal urinary excretion
of these bile acids maintains low concentrations of serum bile
acids in both fetus and mother.
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EFRRERET A T, BE

JEIRESIEE © BEZRIRER. fERG 258 2 B, YLEEED
7eOIERICARE. el 26 80 B, 8k, SKERS LR
il iclzd, EBHEES (CAM) £ 2 il
5., FEDGEIN 2 B L 7oA B — BRIk A
JEL, ER27TH 1 H, BREWTUMME 2o,

BUREE B 2781 H, HMAEHRE 786g(—15SD),
Apgar score 6 1 (1 %) /8 & (5 4-f) SBFF LM
T4, AR BT C, nasal-DPAP (RS
L) RV EHTRTH o BERBAERERD
HHEMICTNICU ABE ol

FIEE - FRER P IEMEREBOZKEREL L. ik
g7 L.

Bapeedm (M 1) : Bl 1 & h BRLSaes . 55
BHEWDHE IS L - THE RSS2 ET L
PR RE IO e h o 7. HEG 60 \[CEREMEE %
(necrotizing enterocolitis : NEC) &6t L, #ifr, #i
HEHBLT 07y T L. B 6512 NEC
W& BIGEEILO 7D/ B (YIRS # 38
cm, BRAF/DIEF 50cm, EEFDH D) & ATILFEZRE
WA L7z WL > ¥ — 0 PICCRIBSEES B
L72A%, REETHAFR L, HEREE,» ) —
B (TPN) WARTE LTV e, S S i i e 20%,
73/ (7L 7 3 P) 30g/kg/day, FaIMH (4
¥ b7 R 20%) 25g/kg/day FTHE LTwi.
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MCT3LY
viVE}

ILyi—IP

............

...........

REE mnmﬁﬁﬁﬁn IS 6 ; TR 1

[ R T

{AE TB ALT
® (mg/d) QU

3,500 35 700

3,000 30 600

2,500 25 500

2,000 20 400

1,500 15 300

1,000 10 200

500 5 100

0 0 o0 30 60 90 120

150 180 210

240 270 (8)

Bl RS

S 1 R R S U C 14% 3 CABRAE L
Tw B 132 ATATF OB & Rl g
2, NTILPIBISU & 4T (RIS % % 150m 4
B, BRAEAM S5em, EERD D). Z0HS ki
FHAHES L, TPN 2865 LTV 7o, 4 1Bt
3 ofl - FEREE - MUMTED - BEREAETL, B

#i5 182 TPN I= & & IFREZE & HilF L TPN % tuk L7,

TPN Hik % b KB THNIFEREL, Yo N T4 v
JA, TNE I, BEEE LEH G EomcR
BT, FEMNMEIRARTH o, EREERSEMN
TPN 2 & B FEEEDAN O REMEZ T 7.

SHATR (%72 H)  WlFEWUT, KRMIES
mmX5mm, . BRI, O DS I
BOT. EEIZETEMS L, % 4om filtd, % lem
fdm U7e. BEMIE#Edd ), TR THIRRES
Bofc. WMBHIEDT. BT R8Iz $

OE &P, BERERHIRIRIR S, FFREZE RS
AR THo.

BT (1) @ i —8 TRl IMGRD % 27
(PLT 9.7 73/mm®). FFEEEMETRHREYVEY, 3
VAT IF—, JBEREEHE REHEoLAEED
7= (AST 4101U/1, ALT 289IU/I, LDH 3081U/I, ALP

17991U/1, TB 144mg/dl, DB 9.2mg/dl, v-GTP 841U/
I #NEHEE 112umol/D) . EEEME, WFHskhrsE, B
RERFEIRD L ho 7. SEBERE TS b
VEVEERM, NSTGAFUF A MEQET AR BDT
(PT56%, "STFGRAFYFAMA%, 74T ) —
¥ 102mg/dl, ATIII40%). fE@HET & F—Y %, %,
B TUESTLALREERRBER R FTRER
Dol

ML~ — 7 — X W T (e 7 v o » B 745ng/1,
P-III-P 50U/ml, VI# a5 —%4"> 7S 16mg/ml), Bt
9 ofi - FHELRETEHRTHo/. T4 VA%
BT A P AT O YA VA IgM DB TH o
7275, ELERP O DNA (EEEMEC, 15T Tl 2 { BER
ReEZ N,

BRI T REFREBO Lo /2. i -
R 7 3 7 BT, RPIBHEEGHT, SRR
HERToH, TR B FERFTRIZG Sk ho 7.

FEARAE TR = BT WA B ORI D
Aotz fEESEEE 319m0sm/kg/H.0, Na5mEqg/
TEVF, K158mEq/l Tdh o7z, MBIz IEi R TA KA
A S RIR R A A Sz, #frh & R T
THh o7z, BELIBREESTHOTR TH - .
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£1 BREER
I —i% SE[EREE
WBC 13,300 /mms3 PT 56 %
Hb 119 grdl APTT - 46 B
PLT 977 /mm3 HPT 4%
Fibrinogen 102 mg/dl
ik LA . AT 40%
AST 410 IU/I
ALT 289 TU/I MBEA R (BRIR M)
LDH 308 [U/1 pH 7387
TB 144 mg/dl pCO2 37.3 mmHg
DB 9.2 mg/dl HCO;3- 21.9 mmol/!
¥-GTP 84 1U0/1 BE - 2.3 mmol/]
TBA 112 pmol/1 Lac 2.2 mmol/I
TP 57 g/dl
Alb 37 g/dl 24 VRFERRE
BUN 17 mg/dl CMV IgM (+)
Cr 016 mg/dl | CMV IgG (+)
Na 138 mEq/I DNA <2.0%10 copies/106 cells
K 40 mEq/1 HSV IgM (=)
Cl 106 mEq/I | B# IgM (=)
NH; ' 48 pg/dl EBV VCA-IgM (=)
FLER 11.3 mg/di SIVEY L VA BIS IgM (-)
YLEvE 0.79 mg/dl HBs iR (=)
Fe 73 ng/dl HCV itk (=)
Tz FV 176 ng/ml HTLV-1 Hitk (-)
FSYRTZY Y 140 mg/dl HIV $ifk (=)
Cu 64 pg/dl
Vi <40 4% B ahAr
VO TITRIY 17 mg/dl ERSARDR T
-7 FITY 142 mg/dl TINAN=F U
BETFRAT T I—¥ 374 1U/1 ey 3 B
BHNV=F 165 mmol/! RETI B
ACE 16 U/I RPRIB ST
era g 745 ng/ml R BRR ST
P-TI-P 5.0 U/ml WIRLRETREFRAL
V&#as5-52175 16 ng/ml '

PLEDRRRREA & REMR & 0 FFEERR & Ry
TR L BH L. FREBEO 2B OREH

FETHEHEL, I bary FY 7THREHEREEOE

No7=Hiz, BE 231 CHFEREHIT L.

FRERERTR (H#231) : %% - HE &5 (12
A, B)Tid, JEH#L/AEDBCOMBTOME, FF
MRATE, FFRIIEO ballooning, B/MNEDIBK % RO
7. EEE (H2C) BFRT, FMlRHROI bav kY
TEOMMES bay FY 7oEkEBED-.

RS ARERIENE, 12 70y MEWRUR
Fedets - HER 231 ICHFAERRBRICH - KIBAEHE %,
BRI HF - O SrEAH R 23R L 72,

RSB A (I~1V) OBFIEEE, &R0k
EVRA—-PMRO600g TFDOLEEZHOTHH LAY, £
NENOBREHRERIER, 12 AoRHaY bu—n

DEHEE B L —L > MEE, I bav kY7
BEN<—#—TH5 citrate synthase (CS), 5\
BESHEICHTH/— METHBH L.
JFE# A D Complex I DBHL ANMIZOWTIHE, 4
A/ 70y MZ & % Blue-Native B tk# ¥ (BN-
PAGE) WL VBT LA™, wxxA¥y>7Toy bid
Complex It 30kD 72 =v b+, ColIl i 70kD %7
2=y b, Colllizar¥ra=v b, ColViiCOX

1y T2y bOERERICHTIRROTEEZ B

THT o7 KEHRICH1T S Complex ] ORBHICOW
TRERREBEITo 2%, ComplexI it 30kD 472
Zv b, COMX7kD YT 2=y P TBE Y

-T—FbitkE —Rkik L L TRV .

T hav Ry 7R AR (R2) | FA
B, WREOFEME IV TBRBE TN
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AAVNERE MR B1sE BT

Complex 1

Complex 1II

Complex IV

Complex I

B2 IFBGETTR OB - % - BN-PAGE f##7 - feiEdfefn)
Hi 231 W COFENHERTR. A, B OBBFR) © B /ML COMNBE O M
SRR SH, FHIKMEIE, ballooning # 7z, TBAEOERKLROLN. C (B
WER) Ml o I b3 FY TROMME I by FY TolkE#EDZ D (IF
fEE % Jiv 7z BN-PAGE f##7) : Pt I8, C control : Complex I ® ¥ & LA & T
LTwi. V

Complex I DEEETEEOE T # B/, HHE OO
B A FWABERBICIEI ba v FY 7IFESEA
FEEEEOKTIREO R o 7.

BN-PAGE f##7 : % H 7 BN-PAGE f##7 Cix
ComplexI DY 7 FUHRPEHLPIET LT (H2
D).

[T R (H G 132) « JeBiir Cid, RER
Wil o (F— 7 KR). Complex I/11 g
o, (7 3A) Ti&, ComplexI ¥ 7 FIVDIET 2451y
[N CE DA

KGR R (B 231) : BEI T, IR
B hhok (F—&RIR). FlohiEle (X3
D) T%, ComplexI D3I %D

PR Ly, B To Complex I KT % 3L
W L#§7272@, Complex 1 KHBIE & fEsERB M L 72, [
@ Complex 1 ¥ 7 F VKT 284 MICiED . — KT
KB T O Complex IFi O & R RKIBIXRD &

Moz,

BWREES, I b3 Y N 7S @ 5 BIY
T, MCT I V% - & b VEAZEHEL, CoQl0, a2y
B, AN=Fr, EFFrhEEs s rEHlonits
otz FNG R ASE P Tl CHRKES - 72
7o, NIRRT BIf L. LaL, &
IS EH SRR, KR TR AR
SLMTL, B 209 IAKIRL 72,

£ B

I b FY T IPRSUREE RS HEORWER
R EET, FEIIHAES00 AT ALELRT
WaY., ZFOMERIBFEEHTH D720, #ix LiERE
95, 3oy MY TIFRSEEEOHEE LT,
I hay P 7RIEETF ERGRET OGO SR
ENDOFRRBIRTFOMEIHEL V. 2 THRESR
OB LRIEENT 70 —F 7513 % (. HALENT
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2 3 bar by 7RSS

Frabeny (%7 2HE)

Liver Col Coll Co I ColV CS
% of normal 34.2 875 75.1 801 | 1811
CS ratio (%) 18.6 48.0 408 433
Co Il ratio (%) 38.6 852 90.1
HHENE (k2 9 2 HE)

Liver Col Coll CoIll ColV CS
% of normal 14.1 64.5 857 95.7 107.7
CS ratio (%) 595 783 870
Co 1L ratio (%) 217 1319 146.1

Heart Col Coll Coll | ColV CS
% of normal 1033 954 90.8 637 723
CS ratio (%) 136.3 1327 1226 85.0
Co I ratio (%) 917 84.6 581

Co I: Complex I,

'Co II: Complex I, Co II: Complex I, Co

IV : Complex IV, CS: citrate synthase, KFER{FHEDETF 2iRd.

Ta—FE LTI bay P PRS- SHRREES
OWEABIEN & 0 R TEMS I, BB X
#«L—(‘ v %Z}B)A

AW FREE, AR TR O 20 RERSE %
ToltZn, HMFTOREEREEN LU BN-PAGE #
FISTI bary Py 7REESISIE AT KRIEHE (Com-
plex I KIBHE) LWL 272, Complex I IXETF 8%
DRANOBEHRTH Y T AN F—EEICTHFELTWS
A5, IPESE O TR b B HER LTHY, I b
YRFYZ7DNAKRI—FENLTHOY T2y P E
BDNAICI— Fah 40P LoV T2z F2b
CHER SN TWAY. Complex I KIBFETIE, ABIZED
BNFz & D IHFBEE - A& LIS, FEH
REREOIEMIT, WGEEY, BHIET, OE
BRA, W, HERELESRDONEY. — R
X b Y RY TIPSR O B LR L R Y Y
L ERAT R A 32 B A%, Complex I KIBHE Tt 38%
THBMEEIER, 62% TERSHEBTH 72 L il s
NTVAY. RRICBVTY, BABRECHIET 4
ERMERO MBI % <, HIL S D& HIT b HLEMHEIE
E¥Thot. ‘ ‘

AFEBNL BRI 21 L - T 2 BORE D% 7
W, BRAFNE 23 35em & 72 o 7o Z 070 E R
IS & B IRTHEEUE T B R ABE, JRTITRIREE
PEYETRORE LB L Cwi. T EE#t
BAT 5 EAMEERICE VT, Goulet HUIXIRH/MS
2%40cm Ll.l:’(jli 100%, 40cm LLFTH 86% DIEH
A3 TPN 2 SR % L3t L, Dorney &IE5RTE/
T 4% 25cm LG TPN % & OMEBAT R TH 5 & #

HELTVD, REFIIRIEEI Bem H D, £ D
FEGI T AEREICR O R WE S ThH oA, L
LTEBERBC AoV L, BETO
Complex I DFBNH BId 2hb bT, ZOEEK
REERLCORTRESNE 2 505, BRHEO

- Complex I fiE 5 D#E %, ComplexI ¥ 7 F VD

SRRETAHHE LA, BREBSEICL L CTTFH R
FLZEHDO—D2L LT, HETO Complex I KiAAH
WE LT A etEAvRIE & 7.

RIS L Tid, BIRHIRGGEEC X 5815 -
EIFREE, A CTH T —F Ve Efl 4 O
X BEALLEZ TV, IFEEEIEX TPN 2175 Tw 3
A AR AR T VB T 50%, ARG AR fR R IR G 10%
RO LN, B o MR RO 23%, 60
HE#Z 5L 80%, 3»ALERE 0% DRIZEDS
B, —fENIEIRH ) o #2122 56
BAZWEShBY, ‘

IR L ZIFEEORRK & LT, kv,
WO KN, Woilhe o B, B PHTE o S35 R,
Aay —#lE L EHe DERPFRESRTVWSEY, 3k
7V a— WEIRIEIF S (NASH) %0 7 )V 2 — LRt s
i EHi4 DIFREBOMEL LT, I b3y MY 7
BEIC & % Reactive Oxygen Species (ROS) ;85
EWET L o THHIRERZBI SR T LA ELDS
NTnB?, —J, RHE£OBTED—> L LTHML
APVADHERRE SN TWBEY, $%b% ROS
EVHBLA PLANI Fa Y FY THEEREEER
L, BELEMBO7RF—YA2HEYST 22 L T
FEtER SRRl ERITEENE, ZDEHIZ, wTh
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HAVNER &M B115%  H1%

3 mgE- ?‘Cﬂ%ﬁ.&%&@‘ﬁﬁ (Complex I/ $hgisdfuts)
Comp ex VI RERGHTR. A B: BB T Complex I ¥ 7 FAMET LT/ CD:
KR T Complex I/Il OFBL % §E&H 7.

OEBIZBWTH I ba v FY 7HEREICES BML
AMVATLHEDPBEETH S L F X B, Caenorhabiditis
elegans R MR 2 W - FESREICBWT,
Complex ] DFE MK TICL Y ROSEAZBIME S
ZEMWRENTBY, FIEFITIX Complex I KIRIC X
BIGHART 3 ROS EAETLHE% 78 &, HOEHIG S 0 565E
RRMEHEOMRETICHS Lzt EL N
FIEFTIED &b LG RERERIC X5 TFH & TPN
WP FREES D oo e FEX A, L L, BBLA
D RGO R E D 5 IRERHERER I HWA Z ik
BHOEEZONDICHDHPDOT, EREERICE
BZEUTHZRIELAZIET WorOFRESBS
BEo /o, FEBREMREICE Y TPN 2 SHEBHMEE 2 -
72%%, TPN B2 S IBH 9 o WA HREIC 2 5 T
SPAFBALTEY, WREOKHEE LTiE—&mM%

TPNIZLADDOTHAZ LIIBTETE W, —H,
Complex I RIVEDFRAEREM & LT, EBEEH»S 13
WETEHATHALD, FHESLSHABICRET S

EEDRTYEY, KEFAS IZIZFEMMNCREL, B

EITCBRICWZ B EASTEZ, MBLAL SIS
Fary P TEEREIFREONERTEELZ LN
ADT, Complex I KIBIEDHAEHIEHIEBERIC L 2
THI & TPN g BB E 0B - BAEILICHE L7
TREMEIR R E CTE v, FNEERER TPN 6D I
RESEASTEAEIL$ S IEHI O 121X Complex I KR fE %
B3 b ay M) 7RG EANEE T A TRk AS
REENOT, ToL) SiEMCH LTI

I bV Y TIFRSSREEEZ B L Tu L LEND
LHEEZ BN
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® W

AIER CIIBRE/DPEDH 35cm ThoZicd »ddb
STRBETHA»RRL, FREOSBLE/LEZEZD
7. TPN IS & A FFEEE R IRE VIBRICHE ) AMIEREIC
IAMBLESHICBVWTHBLZDOORBET, &
LA ELEDLL I A Complex I KIBEDODHT
CEHILMNTE. MFLBREOLRRTY F—¥
ARBDHLVWHETHREE, #EHETHOREE L
THRERENCBL I LREELEI OIS T8
OB, BEREOERMBICEEI Fa v Y
TR AEREEONENSFRATHo /2.

e #METIHLY, RELIHEBIUTT—SD
Rt HL, RBAFEFRETHRSIE HEH—%

& BHRZEFHRNEH BRBALE SRAREGR

¥ ROFRXBLVI— ¥ LAFRSHF TEMTE
& Withy V= 7 BHEEIRR RIF—%L AFFRE
&, BYREEREY Y —BIRT RET VRS
HHEETSGE, ESASESR MRS FAREEE B
WHCES TSR TN RV, ARRAERRER
B BEERREE HEERBRENMEH kfr Wkt
FERZCOMEREN T SABICERELE
7.
BAMRRESORD 2 FAMKICHT 2 BRI S
DEHA.
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Mitochondrial Respiratory Chain Complex I Deﬁciency Manifested by Liver
Damage and Intractable Diarrhea ; Case Report

Hiroaki Matsushita”, Jun Murakami”, Naoki Miyahara”, Kei Murayama®, Fumiko Miyahara”,
Yoichi Mino", Fumi Nakagawa", Tomotsune Domoto”, Hiroaki Funata, Shunsaku Kaji®,
‘Tkuo Nagata”, Akiko Kondo®, Kousaku Ohno" and Susumu Kanzaki®
"Division of Pediatrics and Perinatology, Faculty of Medicine, Tottori University
?Department of Metabolism, Chiba Children’s Hospital
?Department of Pediatrics, Tsuyama Central Hospital
*Division of Child Neurology, Department of Brain and Neurosciences, Faculty of Medicine, Tottori University

A male infant, born at 27 weeks and 1 day of gestation with a birth weight of 786g with 6 at 1 min and 9 at
5 min of Apgar score, developed necrotizing enterocolitis, and colostomy was performed at 60 days old. The re-
sidual small intestine was about 50cm. Although he was treated by enteral nutrition using elemental diet, he
developed persistent watery diarrhea. His weight gain was mainly dependent on total parenteral nutrition
(TPN). On day 132 the colostomy was closed, and residual small intestine became about 35¢m. TPN was
stopped on day 182 because his cholestasis and liver dysfunction were exacerbated. After the discontinuation
of TPN, weight gain became poor despite various treatments. Liver biopsy was performed on day 231. The
findings of enzyme activity analysis and BN-PAGE led to the diagnosis of mitochondrial respiratory chain com-
plex I deficiency.

In this case, we initially assumed that liver dysfunction was caused by TPN and watery diarrhea by bowel
resection. Therefore, the actual diagnosis was delayed. Our case suggests that patient with unexplained liver
dysfunction and watery diarrhea should consider mitochondrial respiratory chain complex disorders even if
without elevated lactate level and acidosis.
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