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analysis. If the diagnostic determination system becomes recog-
nized all across Japan, then it will be possible to diagnose many
more cases and also possibly detect unknown types of [IEBAM. A
complete lack of sterol C27-hydroxylase activity in mitochondria
in the patients with CTX and B-oxidation side chain cleavage and
amino acid conjugation abnormalities, however, cannot yet be
identified by this system.

In addition, high-risk screening for cholestasis of unknown
etiology will be promoted in Southeast Asian countries. Use of
air delivery service for shipment of frozen urine samples from
Southeast Asia to Japan is too costly to make this system useful
for people there. To make this project possible, the possibility
that physicians there could impregnate filter paper with a suffi-
cient volume of patient urine, dry the paper and ship it by air
delivery service is being investigated. If this ‘dried urine spot
paper’ method can be used to screen for IEBAM, then the current
status of IEBAM in Southeast Asia would thus be clarified. If a
screening system with the dried urine dipstick method can be
implemented in the future, then some pediatric patients who
otherwise could not be identified or saved will have an opportu-
nity to receive bile acid replacement therapy or a liver transplant
and will hopefully be saved by new treatments that can be estab-
lished in the future.

Conclusions

Gas chromatography-mass spectrometry of urinary bile acids
was carried out for 10 years between July 1996 and June 2005 in
Japan, targeting pediatric patients with cholestasis, liver cirrhosis
and hepatic disorder of unknown etiology, who were suspected of
having IEBAM. Requests for analysis of a total of 576 samples
were made. Cholestasis was defined as serum D-Bil level
>2.0 mg/dL and 10 patients with IEBAM (6.3%) were identified
among 159 patients with cholestasis of unknown cause. This rate
of detection was higher than those previously reported. Because
these 10 patients had markedly high concentrations of abnormal
bile acids, they could easily be distinguished based on analysis
data. SLOS could also be diagnosed by this method. Of the
remaining 149 patients, 91 (61.1%) were not able to be defini-
tively diagnosed with this system, including patients in whom the
concentrations of non-specific bile acids far exceeded reference
values, those with intermediate concentrations of 3-oxo bile acids
and those in whom unknown peaks were detected. Various
aspects of this disorder have yet to be elucidated and much work
remains to be done. Analysis of urinary bile acid data will con-
tinue and many more patients will be followed to improve diag-
nostic accuracy and identify new types of IEBAM.
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Developmental pattern of urinary bile acid profile in preterm infants
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Abstract

Background: Bile acid metabolism in preterm infants is yet to be fully characterized. We compared the developmental
pattern of urinary bile acid profiles in ten infants born at gestational ages from 25 to 33 weeks with previous data from
full-term infants from birth to about 7 months of age.

Methods: Gas chromatography—mass spectrometry was performed on serial samples.

Results: Total urinary bile acid concentrations gradually increased until 1 to 2 months of age. After this peak of excretion
(30 to 60 pmol/mmol creatinine), total urinary bile acid concentrations gradually decreased to less than 20 pmol/mmol
creatinine. The percentage of usual bile acids (mainly cholic acid) relative to total urinary total bile acids gradually
deceased from approximately 30% at birth to less than 15% at 7 months of age. On the other hand, 1B-hydroxylated bile
acids (mainly 1B,30,7a,120-tetrahydroxy-5B-cholan-24-oic acid) relative to total urinary bile acids were increased
gradually from 60% at birth to reach 70% to 80% at 1 month of age. The percentage of 1B-hydroxylated bile acids relative
to total urinary bile acids then remained stable at a high percentage (70% to 90%) until the age of 7 months.
Conclusion: Physiological cholestasis in preterm infants persists longer than in full-term infants. Moreover, as large
amounts of cholic and 1f,3c,70,120-tetrahydroxy-3B-cholan-24-oic acids were detected in urine from preterm infants
during this study, the 25-hydroxylation pathway may be particularly important for bile acid synthesis in early preterm

infants.

Key words bile acid metabolism, developmental pattern, preterm infants.

Details of bile acid metabolism in preterm infants are not fully
established. According to the few previous reports concerning
fetal bile acid metabolism, the most likely main pathway of bile
acid synthesis is the acidic pathway.! Bile collected from fetuses
during early gestation (weeks 16 to 19) contains 4B-hydroxylated
bile acids.? During the perinatal period 1B-, 6o-hydroxylated
and/or 3B-hydroxy-A’ bile acids, which can be detected in adults
with liver dysfunction such as cholestasis, are commonly
detected in the urine of neonates.** Finally, ketonic bile acids are
abundant in amniotic fluid late in gestation.®

We previously reported bile acid profiles in meconium, feces,
amniotic fluid, and urine from preterm and full-term infants,'
focusing particularly on developmental patterns of urinary 1B-,
60-, and 78-hydroxylated and ketonic bile acids in full-term
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infants.*™!" Preterm infants weighing about 1000 g at birth most
often have a complication manifesting after birth, such as respi-
ratory distress or congenital heart disease with cyanosis; they
then develop prolonged jaundice. Accordingly, we need to under-
stand the details of bile acid metabolism early in the life of
preterm infants. Presently we compared the developmental
pattern of the urinary bile acids profile between preterm and
full-term infants, using gas chromatography—mass spectrometry
(GC-MS) including monitoring of selected ions.

Methods
Study design

We investigated the urinary bile acid composition in ten preterm
infants born at gestational ages between 25 and 33 weeks
(Table 1), comparing the results with our previously reported
data from full-term infants.*™!" All subjects were characterized in
terms of gender, gestational age, birth weight, APGAR score,
mode of nutrition, age when milk intake began, serum total
bilirubin concentration at 6 days of age, and diagnosis. No
subject had a history or clinical signs of hepatobiliary or gas-
trointestinal disease. However, all preterm infants had physi-
ological jaundice. They were fed milk via a nasogastric tube,
supplemented with parenteral nutrition, during the first few



Table 1 Characteristics of preterm infants studied

Diagnosis at birth

Total bilirubin

Milk intake
initiation (days

Nutrition*

Apgar score

Birth
weight (g)

Gestational age

Gender

Patient

at 6 days
(mg/dl)

(1 min/5 min)

(weeks)

after birth)

7.9
7.6
7.8

Breast milk or formula

Breast milk

57

714
996

RDS, PDA
RDS, PDA
RDS, PDA

sl

6/8
2/6
57
7/8
7/8
4/8

™

Breast milk

Hypoglycemia with apnea

RDS, PDA

49
10.0

Breast milk or formula

948
1026

28.7

Breast milk or formula

28.7

Hypoglycemia with apnea, PS

RDS, PDA
RDS, PDA

RDS

6.1
6.1

55

Breast milk or formula

928
1126

304

Breast milk or formula

315

Hypoglycemia with apnea

8.3
7.6

Breast milk or formula
Breast milk or formula
Breast milk or formula

8/9
718
7/8

1206
1360
1336

n oo
—— N
o onon
o
£
2
Q
w2 2| g
=
2]
<
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Q
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<
=
>
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*
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PDA, patent ductus arteriosus; PS, pulmonary stenosis; RDS, respiratory distress syndrome.
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weeks after birth. Informed consent for observations and analysis
in this study was obtained from the parents of the infants.

We divided 119 urine samples into six groups: those from
infants less than 30 weeks old by corrected age (n = 13); 31 to 35
weeks corrected age (n = 39); 36 to 40 weeks corrected age (n =
42); 41 to 45 weeks corrected age (n = 15); 46 to 50 weeks
corrected age (n = 35); and more than 51 weeks corrected age (n =
5). We compared urinary concentrations of each bile acid, such as
1B-hydroxylated bile acids or ketonic bile acids, between the
corrected-age groups, and also determined changes in the con-
centration of each bile acid over time.

Sample collection

Urine samples were collected at various times from each preterm
infant and stored at —25°C until assay. Urine samples were kept
for no more than 2 years. We performed bile acid analysis on a
total of 119 urine samples obtained from the ten preterm infants.
Concentrations of individual bile acids in the urine from each
subject were corrected for creatinine (Cr) concentration and
expressed as [mol/mmol of Cr. We analyzed each sample only
once. However, when we made calibration curves for determina-
tion of bile acid, we analyzed each sample 4 times.

Materials and reagents

The following bile acids were synthesized as described
previously'**:  1B,30,70,120-tetrahydroxy-5B-cholan-24-oic
acid; 1B,30,70-trihydroxy-5p-cholan-24-oic acid; 3B,70,120-
trihydroxy-5-cholen-24-oic acid; 3f,70-dihydroxy-5-cholen-24-
oic acid; 70,120-dihydroxy-3-oxo-4-cholen-24-oic acid; and
7a-hydroxy-3-ox0-4-cholen-24-oic acid. Other bile acids were
obtained from Sigma Chemical (St. Louis, MO).

Gas chromatography-mass spectrometry (GC-MS)

GC-MS was performed with a Hewlett-Packard 5972A instru-
ment (Hewlett-Packard Japan, Tokyo) using an HP-5MS gas
chromatographic column (30 m x 0.25 mm inside diameter; film
thickness, 0.25 pm; and a fused silica capillary column bound
with methylsilicon (J & W Scientific, Folsom, CA). 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.

Analysis of bile acids in urine

In the standard procedure, samples of human biological fluids
were prepared routinely for GC-MS analysis as described in our
previous reports.>'? Calibration curves for determination of bile
acids were obtained by plotting the peak area ratio that corre-
sponded to the monitored ion for each bile acid and the corre-
sponding internal standard versus the amount of each bile acid. A
linear relationship (r > 0.976) was obtained over a range of 1.5 to
10 ng for each bile acid.

Identification and quantitation of individual bile acids

GC-MS data for individual bile acids are summarized in
Table 2, including their characteristic fragment ions and relative
abundance.

© 2010 Japan Pediatric Society
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Fig. 1 Selected ion gas chromatography-mass spectrometry (GC—
MS) chromatogram of methyl ester-trimethylsilyl ether (Me-TMS)
derivatives of reference bile acids. Peak numbers and compounds are
the same as in Table 2.

Statistical analysis

Data are reported as the mean & SD. aNova was used to deter-
mine the significance of differences between groups. Compari-
sons of categorical data between groups were made with the
Aspin-Welch t-test. A P-value of less than 0.05 was accepted as
indicating statistical significance.

—a— |
——2

Total bile acids

{pmol/mmolCr)

80
70
60
50
40
30

(week: corrected age)

Fig. 2 Developmental pattern of urinary excretion of total bile
acids (umol/mmol Cr) in 10 preterm infants. Numbers correspond to
patient numbers in Table 1.

Resulis
Clinical diagnoses in ten preterm infants (Table 1)

The main diagnosis in seven preterm infants (patients I, 2, 3, 5,
7, 8, and 9) was respiratory distress syndrome (RDS), while the
other three (patients 4, 6, and 10) had severe hypoglycemia with
apnea after delivery. Additionally, seven of the preterm infants
(patients 1, 2, 3, 5, 6, 7, and 8) had congenital heart disease such
as patent ductus arteriosus (PDA) or pulmonary stenosis (PS).

Total bile acids (Fig. 2, Table 3)

Total urinary bile acid concentrations showed low excretion
during 2 or 3 weeks after birth. Concentrations of total urinary
bile acids then gradually increased over 1 or 2 months, peaking at
30 to 60 umol/mmol Cr and ultimately decreasing gradually to
less than 20 pmol/mmol Cr.

Table 2 Gas chromatography-mass spectrometric data for methyl ester-trimethylsilyl ether derivatives of bile acids

No. Bile acid Base peak (m/z) Fragment ions (m/z)
Common bile acids
1. Cholic acid 2537 343, 368
2. Chenodeoxycholic acid 3707 255, 355
3. Deoxycholic acid 255° 370, 460
4, Lithocholic acid 2154 257, 372
13- and 60-hydroxylated bile acids
5. 1B,30,, 70,120~ Tetrahydroxy-5B-cholan-24-oic acid 2177 251, 366
6. 18,30, 70-Trihydroxy-5f-cholan-24-oic acid 217° 368, 458
7. Hyocholic acid 458* 147, 369
Isomerized 7B-hydroxylated bile acid
8. Ursodeoxycholic acid 460" 255, 370
3B-Hydroxy-A’-bile acids
9. 3p,70,120-Trihydroxy-5-cholen-24-oic acid 546° 209
10. 3B,70-Dihydroxy-5-cholen-24-oic acid 458’ 209
11. 3B-Hydroxy-5-cholen-24-oic acid 129 249, 370
Unsaturated ketonic bile acids
12. 70,120-Dihydroxy-3-ox0-4-cholen-24-oic acid 3827 267, 472
13. To-Hydroxy-3-oxo-4-cholen-24-oic acid 3847 459, 474
LS. 30, 7a-Dihydroxy-24-nor-5p-cholan-23-oic acid 4317

"Fragment ions used for selected ion monitoring.
1.S., internal standard.

© 2010 Japan Pediatric Society



Table 3 Urinary excretion of bile acids in preterm infants
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Groups 1 2 3 4 5 6
Corrected age (weeks) <30 31-35 3640 41-45 46-50 51
Number 13 39 42 15 5 5
Total bile acids (ttmol/mmol Cr) 17.9 £ 17.1° 233+ 13.1° 252 £13.3° 211 £15.2¢ 14.8+8.7 6.1+538
Usual bile acids (%) 21.6 £ 13.5¢ 15.0 £ 9.0 11.1 £6.2¢ 10.0 £ 6.6" 45+18 70x4.1
1B-Hydroxylated bile acids (%) 65.1 £ 13.8' 78.2+£9.5 83377 823%£69 86.1 + 6.6° 763176
Unsaturated ketonic bile acids (%) 73+5.8 29+3.6" 0.9 +0.5" 1.5+09° 1.6+ 1.0° 44+34

Usual bile acids, cholic, chenodeoxycholic, deoxycholic, and lithocholic acids; 1B-hydroxylated bile acids, 1B,30.,7a,120.-Tetrahydroxy-58-
cholan-24-oic and 1B,30.,70-Trihydroxy-5B-cholan-24-oic acids; Unsaturated ketonic bile acids, 70,120-Dihydroxy-3-oxo-4-cholen-24-oic and
70.-Hydroxy-3-oxo-4-cholen-24-oic acids; *P < 0.05 vs 36 to 40 weeks; °P < 0.05 vs >51 weeks; °P < 0.01 vs >51 weeks; 4P < 0.01 vs >51 weeks;
ep < 0.01 vs 36 to 40 weeks, 41 to 45 weeks, 46 to 50 weeks; P < 0.05 vs 51< weeks; P < 0.001 vs 46 to 50 weeks; P < 0.05 vs <51 weeks; &P
< 0.05 vs 46 to 50 weeks; "P < 0.05 vs 46 to 50 weeks; 'P < 0.01 vs 31 to 35 weeks; P < 0.0001 vs 36 to 40 weeks; P < 0.001 vs 41 to 45 weeks;
P <0.01 vs 51< weeks; P < 0.05 vs 36 to 40 weeks, 46 to 50 weeks; *P < 0.05 vs 51< weeks; 'P < 0.05 vs 31 to 35 weeks, P < 0.001 vs 36 to 40
weeks, P < 0.01 vs 41 to 45 weeks; P < 0.05 vs 36 to 40 weeks; "P < 0.05 vs 41 to 45 weeks, P <0.05 vs 46 to 50 weeks, P <0.001 vs >51 weeks;

°P < 0.05 vs >51 weeks; PP < 0.05 vs >51 weeks. Cr, creatinine.

Usual bile acids (Fig. 3, Table 3)

Relative to total urinary bile acids, usual bile acids (cholic,
chenodeoxycholic, deoxycholic, and lithocholic acids) gradually
decreased after birth from a high percentage (20% to 40%), to
become stable at a low percentage (less than 15%), by about 40
weeks corrected age. Among the usual bile acids, cholic acid was
most abundant (approximately 90% of usual bile acids; data not
shown). Trace amounts of secondary bile acids (deoxycholic and
lithocholic acids) were detected.

1B8-Hydroxylated bile acids (Fig. 4, Table 3)

This study determined that the percentage of IB-hydroxylated
bile acids (1PB,30,70,120-tetrahydroxy-5B-cholan-24-oic and
18,30, 70-trihydroxy-5B-cholan-24-oic acids) relative to total
urinary bile acids gradually increased from birth to 3 or 4
weeks of age (from about 60% to 70% or 90%). This high
percentage was then maintained until sampling ended at
about 7 months of age. The principal 1B-hydroxylated bile
acid was 1B,BOL,7OL,120L—tetrahydr0xy‘5B—cholan—24—0ic acid
(approximately 80% of 1B-hydroxylated bile acids; data not
shown).

—— 1

(%) Usual bile acids —e—2
100 3
9 [~ —o—4
e §

80 7
——6

0T —7

—=3
—0—Q
—— 10

(week: corrected age)

30 40 50

Fig. 3 Developmental pattern of that percentage of usual bile acids
in 10 preterm infants, as a percentage in relative to total bile acids.

Unsaturated ketonic bile acids (Fig. 5, Table 3)

Relative to total urinary bile acids, the percentage of unsaturated
ketonic bile acids (70,120~dihydroxy-3-oxo-4-cholen-24-oic
and 70-hydroxy-3-oxo0-4-cholen-24-oic acids) decreased rapidly

1B-Hydrox ylated bile acids

(%) ——2

90
80
70
60
50
40
30 7
20 [T

30 40 50 (week: corrected age}
Fig. 4 Developmental pattern of the percentage of 1B3-hydroxylated
bile acids in 10 preterm infants, as a percentage relative to total bile
acids.

—a— |
(%) Unsaturated ketonic bile acids ——2
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80 | 3
e
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B
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e | )
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{week: corrected age)
Fig. 5 Developmental pattern of the percentage of unsaturated

ketonic bile acids in 10 preterm infants, as a percentage relative to
total bile acids.
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Classic pathway Acidic pathway

CYP27

Cholesterol————8——— 27-Hydroxycholesterol
CYP7A1 [Side-chain oxidation

7a-Hydroxycholesterol
3B-HSD

3f3-Hydroxy-5 cholestenoic acid
CYP7B1

7a-Hydroxy-4-cholesten-3-one
5B-Reductase
CcYP8B

3P, 70-Dihydroxy-5-cholestenoic acid

3-Oxo-7u-hydroxy-4-cholestenoic acid

25-Hydroxylation pathway

25-Hydroxylase
SB-Cholcstanc-}f,7(1.‘ 120.25-tetrol 5B-Clmlesmnc-¥,7(t, 12¢-triol

24B-Hydroxylase CYP27 Chenodeoxycholic acid

5B-Cholestane-30,7¢,120,24,25-pentol  {25R)3¢t, 70, 120-Trihydroxy-5p-cholestanoic acid
Side-chain oxidation 2 Methylacyl-CoA racemase

Chelic acid (258) 30,70, 12¢-Trihydroxy-SB-cholestanoic acid
I Side-chain oxidation

Cholic acid

Fig. 6 Metabolic pathways for the synthesis of primary bile acids including the classic pathway, acidic pathway, and 25-hydroxylation
pathway. CYP7AL, cholesterol 7o-hydroxylase; CYP7B1, oxysterol 7o-hydroxylase; CYP27, cholesterol 27-hydroxylase; CYP8B, cholesterol
120-hydroxylase; 33-HSD, 3B-hydroxy-A*-Cy;-steroid dehydrogenase/isomerase; 58-reductase, 3-oxo-A*-steroid 5B-reductase.

after birth, from about 10% to trace amounts until about 6 months
of age, when a slight increase was noted.

Other bile acids

We detected very small amounts of other bile acids, such as
unsaturated 3B-hydroxylated bile acids, hyocholic and ursode-
oxycholic acids, accounting for less than 5% of total urinary bile
acids (data not shown).

Discussion

This investigation of urinary excretion of bile acids in 10 infants
born at gestational age between 25 and 33 weeks indicated low
total bile acid/Cr ratios during the first 2 to 3 weeks after birth.
This may reflect limited bile acid synthesis by the liver, limited
excretion of bile acids into the urine because of immaturity of
renal function, or both. Thereafter, urinary excretion of total bile
acids relative to that of Cr increased during the 2 to 5 months
following birth, as bile acid synthesis in the liver increased at a
time of persistent immaturity of transport systems contributing to
the enterohepatic circulation, such as the bile salt exceed pump
(BSEP), the organic anion transporting polypeptide (OATP), and
the Na* taurocholate cotransporting polypeptide (NTCP).'® In
rats, RNA and protein expression for NTCP, OATP, and BSEP
have been found to require several weeks to increase to equal
adult expression1'"?; this delayed development of hepatobitiary
organic anion transport systems has been linked with physiologi-
cal cholestasis occurring at birth, in which the serum total bile
acid concentration in healthy full-term infants significantly
exceeds that seen in children older than 1 year.?? As the entero-
hepatic circulation matures, urinary excretion of bile acids then
gradually decreases (Fig. 2). Duration of physiological cholesta-
sis is clearly longer in preterm infants than in full-term infants. In
our view, persistent physiological cholestasis may be a sign
of reduced mitochondrial function consequent to hypoxia with
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acidosis arising from respiratory dysfunction, representing a sec-
ondary mitochondrial disorder.”

Among usual bile acids, the principal bile acid detected was
cholic acid, with usual bile acids initially accounting for 20% to
30% of total bile acids prior to a subsequent gradual decrease. If
the main pathway of fetal and perinatal bile acid synthesis is the
acidic pathway, large amounts of chenodeoxycholic acid should
be detected (Fig. 6). %% On the other hand, we believe the cholic
acid presently detected to be derived from the 25-hydroxylation
pathway (Fig. 6).”* Because the preterm infants studied may
have had low activity of mitochondrial cholesterol 27 hydroxy-
lase reflecting respiratory dysfunction at birth, that is, RDS, the
25 hydroxylation pathway may have been a particularly impor-
tant pathway of fetal and neonatal bile acid synthesis in these
preterm infants, ! Clayton et al.*? recently suggested that early
in life, side-chain cleavage in bile acid formation might proceed
via the 25-hydroxylation pathway, but further studies are needed
to identify the exact site of the underlying defect. Alternatively,
cholic acid may have a maternal origin with transfer across the
placenta,” then undergoing preferential excretion in the urine at
the expense of chenodeoxycholic acid because a trihydroxylated
bile acid is more hydrophilic than a dihydroxylated bile acid.
This could account for larger amounts of urinary cholic acid than
chenodeoxycholic acid detected in this study. In adults, the
25-hydroxylation pathway accounts for less than 5% of bile acid
synthesis,” but perinatal synthesis in preterm infants may be
more dependent upon the 25-hydroxylation pathway.

Relatively large amounts of 1B,30,70,120-tetrahydroxy-5p3-
cholan-24-oic acid represented the major polyhydroxylated bile
acid in the urine during this study. Formation of this bile acid is
probably linked to mechanisms of bile salt excretion in healthy
infants with physiological cholestasis, and possibly more so in
preterm infants. Large amounts of 18,3070, 120-tetrahydroxy-
5B-cholan-24-oic acid persisted for longer than 6 months in
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Fig.7 Developmental pattern of urinary excretion of bile acids in
preterm infants. TBA, total bile acids (filled circle); CA, cholic acid
(open squares); CA-A*-3-one, 70,120-dihydroxy-3-oxo-4-cholen-
24-0ic acid (filled squares); and CA-1B-ol, 1B,30,70,120-
tetrahydroxy-5p-cholan-24-oic acid (open triangles). Percentages
(%) refer to the fraction of each bile acid in relation to TBA. * P <
0.05 vs 36 to 40 weeks. ® P < 0.05 vs >51 weeks. ¢ P < 0.01 vs >51
weeks. ¢ P < 0.01 vs >51 weeks. ¢ P < 0.01 vs 36 to 40 weeks, 41 to
45 weeks, 46 to 50 weeks, and 51< weeks. fP<0.05vs 36 to40
weeks; P < 0.01 vs 41 to 45 weeks, and 51< weeks; P < 0.001 vs 46
to 50 weeks. & P < 0.01 vs 46 to 50 weeks; P < 0.05 vs 51< weeks.
h P < 0.05 vs 46 to 50 weeks. | P < 0.05 vs 31 to 35 weeks, and 41 to
50 weeks; P < 0.01 vs 36 to 40 weeks. ] P < 0.05 vs 51< weeks. * P
< 0.05 vs 41 to 45 weeks, and 46 to 50 weeks. ! P < 0.05 vs 51<
weeks. ™ P < 0.01 vs 31 to 35 weeks, and 46 to 50 weeks; P < 0.001
vs 36 to 40 weeks; P < 0.05 vs 41 to 45 weeks. Cr, creatinine.

preterm infants, in contrast to about 3 months in healthy fuli-term
infants."! Accordingly, physiological cholestasis can persist in
preterm infants for more than 6 months postnatally, more than
twice as long as in full-term healthy infants (Fig. 2).

We detected trace amounts of unsaturated ketonic and
3B-hydroxy-A’-bile acids, such as 70,12¢-dihydroxy-3-oxo0-4-
cholen-24-oic and 3B-hydroxy-5-cholen-24-oic acids, in the
urine of the preterm infants. Full-term infants have been found to
excrete large amounts of 3-oxo-A" bile acids in urine because
activity of 3-oxo-A*-steroid 5f-reductase in the normal “classic”
pathway for primary bile acid synthesis is relatively low during
the early neonatal period.”® Accordingly, our results in preterm
infants differed from the normal developmental sequence of bile
acid metabolism. The major pathway of bile acid metabolism in
the fetus and newborn infant is the acidic pathway, involving
27-hydroxylation, until about 1 month of postnatal age’*
However, our results reflected relatively low 27-hydroxylation.
According to a previous report® production of 27-
hydroxycholesterol accounts for about 10% of bile acid synthesis
in adults. Our results suggest that 25-hydroxylation may be an
important pathway in the neonatal period, especially in preterm
infants at approximately 30 weeks corrected age.

Bile acid profile in preterm infants 49

We determined the developmental pattern of each bile acid,
such as 1f-hydroxylated bile acid and ketonic bile acid, and total
bile acids (Figs 7,8). These determinations made clear that the
developmental pattern of urinary bile acid profile in preterm
infants differs from that of full-term infants," although one
should note that preterm infants in this study had complications.
This suggests that bile acid metabolism is likely to differ between
preterm and full-term infants.

In conclusion, we have identified metabolic differences likely
to underlie prolonged physiological cholestasis in preterm
infants. Specifically, we detected large amounts of cholic and
18,30, 70, 120-tetrahydroxy-5p-cholan-24-oic  acids in urine
from preterm infants, leading us to suspect that the
25-hydroxylation pathway may be particularly important for bile
acid synthesis in these infants.
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Fig. 8 Developmental pattern of urinary excretion of bile acids in
full-term infants. TBA, total bile acids (filled circle); CA, cholic acid
(open squares); CA-A*-3-one, 70,120-dihydroxy-3-oxo-4-cholen-
24-oic acid (filled squares); CA-1B-ol, 1B,30,70,120-tetrahydroxy-
5B-cholan-24-oic acid (open triangles); and CA-A'-3-one, 70,120
dihydroxy-3-oxo-58-cholen-24-oic acid (filed squares). Percentages
(%) refer to the fraction of each bile acid in relation to TBA. * P <
0.05 vs 0 d, 2 to 4 months; P < 0.01 vs 5 to 7 months, 1 to12 months,
2'to 3 years, 9 to 14 years, and adults. " P < 0.05 vs 3to 4 d; P < 0.01
vs 1 month, 2 to 4 months, 5 to 7 months, 11 to 12 months, 2 to 3
years, 9 to 14 years, and adults. ¢ P < 0.05 vs 2 to 4 months, 5 to 7
months, 11 to12 months, 2 to 3 years, 9 to 14 years; P < 0.01 vs
adults. ¢ P < 0.01 vs 1 month; P < 0.001 vs 2 to 4 months, 5 to 7
months, 11 to12 months, 2 to 3 years, 9 to 14 years, adults. © P <0.05
vs 1 month; P < 0.01 vs 2 to 4 months, 5 to 7 months, 11 to 12
months, 2 to 3 years, 9 to 14 years, adults. ' P < 0.05 vs 2 to 3 years,
9 to 14 years, adults. Cr, creatinine.
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Histological findings in the livers of patients with neonatal
intrahepatic cholestasis caused by citrin deficiency
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Aim: To characterize the histological features of the livers of
patients with neonatal intrahepatic cholestasis caused by
citrin deficiency (NICCD), we studied specimens from 30
patients diagnosed with NICCD by genetically analyzing the
SLC25A13 gene.

Methods: Liver biopsy specimens were subjected to
hematoxylin-eosin, Azan, and Berlin-blue staining.

Results: Most specimens showed varying degrees of fibro-
sis. The degree of inflammation varied among the specimens,
with half showing moderate or severe inflammatory changes.
Fat deposition in hepatocytes was observed in almost all of
the specimens, and severe fatty liver was noted in 20 (67%) of
them. There was a mixture of two types of hepatocytes with
macrovesicular or microvesicular fat droplets, and cholestasis
was observed at a rate of 77%. Hemosiderin deposition,

mostly mild and localized in periportal hepatocytes and
macrophages in portal areas, was observed in 57% of the
specimens.

Conclusion: A combination of mixed macrovesicular and
microvesicular fatty hepatocytes and the above-described
findings, such as fatty liver, cholestasis, necroinflammatory
reaction and iron deposition, are almost never observed in
other liver diseases in infants and adults. We believe that
NICCD is a disease with characteristic hepatopathological
features.

Key words: citrin, citrullinemia, fatty liver, fibrosis,
neonatal intrahepatic cholestasis caused by citrin
deficiency, SLC25A13.

INTRODUCTION

AHEKI ET AL. reported that the enzyme abnor-
malities of citrullinemia can be classified as qualita-
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tive, type I and type III, or quantitative, type I1.'* The
first, the classical form (CTLN1), is found in most
patients with neonatal/infantile-onset citrullinemia,
and was first described by McMurray et al.® In CTLN1,
the enzyme defect is found in all tissues in which
argininosuccinate synthetase (ASS) is expressed."** The
second form, type II citrullinemia (CTLN2) is an adult-
or late childhood-onset liver disease characterized by a
liver-specific defect in ASS, and most of these patients
have a fatty liver.® This enzyme abnormality is
caused by a deficiency in citrin, a calcium-binding

295
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mitochondrial solute carrier protein which is encoded
by the SLC25A13 gene.*

Recently, several cases of SLC25A13 mutations have
been reported in early infancy with cholestatic liver
disease.”!* Yamaguchi et al.'* designated these findings
as neonatal intrahepatic cholestasis caused by citrin
deficiency (NICCD). Citrin deficiency causes two age-
dependent phenotypes, CTLN2 in adults and NICCD in
infants.!” Most NICCD patients showed hypoproteine-
mia, galactosemia, multiple aminoacidemia including
citrullinemia, methionemia and tyrosinemia, cholesta-
sis, and have a fatty liver.”-** Only a few papers have
described the pathology of the NICCD®**"!* or CTLN2®
liver.

Therefore, the present study was designed to clarify
the histological findings of the NICCD liver.

METHODS

Patients

E STUDIED THE liver histological findings of 30

patients aged 2.9+ 1.7 months with a range of
1-7 months consisting of 17 men and 13 women who
had been diagnosed with NICCD with SLC25A13 muta-
tions by genetic analysis including five patients who
were documented in previous reports.”'' Moreover,
mutations in SLC25A13 were detected in both alleles of
29 patients and in a single allele of one patient. Muta-
tion detection and DNA diagnosis of the SLC25A13
gene were performed as previously described (*'*'° and
T. Saheki et al., 2006, unpublished data). Moreover, we
examined biochemical data within 1 week before or
after liver biopsy for 30 patients with NICCD.

Methods

Liver biopsy specimens from 30 patients diagnosed with
NICCD were subjected to hematoxylin-eosin, Azan,
and Berlin-blue staining. The grading of fibrosis and
inflammation was based on Ludwig's Classification with
slight modifications {Table 1)."” The other histopatho-
logical features were graded as none, mild, moderate
and severe, and scored as 0, 1, 2 and 3, respectively.
Grading was independently performed by three
pathologists, and the grade for each specimen was deter-
mined by consensus between two or three of them.

Relationship between age and
histological findings

To clarify the relationship between age and the histo-
logical findings, the cases were divided into three groups

© 2010 The Japan Society of Hepatology
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Table 1 Histological classification of liver biopsy

Stage of fibrosis

Stage 0  No portal fibrosis

Stage 1  Mild to moderate fibrous expansion of portal tract

Stage 2 Bridging fibrosis between portal tracts without
lobular distortion

Stage 3  Bridging fibrosis between portal tracts with lobular
distortion

Stage 4  Liver cirrhosis

Grade of inflammation

Grade 0 None (0)

Grade 1 Mild (1-3)

Grade 2 Moderate (4-6)

Grade 3  Severe (27)

Parentheses indicate scores derived by Ludwig's scoring system.

according to their ages: group A, less than 2 months old;
group B, 3-4 months old; and group C, more than
5 months old. The average of the grading score of the
histological findings for each group was then obtained.

Statistical analysis

The data regarding the relationship between age and
histological findings were analyzed using the Mantel-
Haenszel linear trend test. P-values less than 0.05 were
regarded as statistically significant.

RESULTS

Patients

HE PROGNOSIS OF almost NICCD patients at

1 year of age was fairly well. However, some NICCD
patients had developed progressive liver failure by then.
For example, two patients developed liver failure by
6 months (patient 28) and 7 months (patient 30)'° of
age and one patient {patient 9) developed behavioral
aberrations, which included shouting and episodes of
violence, by 16 years of age.”'® Two patients, one with
liver failure'® and one with mental derangement®'®
received a living-related liver transplant. Therefore, the
outcomes of the NICCD patients were not always favor-
able. We obtained four sets of follow-up liver biopsy
specimens from patients 8, 9, 13 and 18 (data not
shown).

From the clinical laboratory data, serum levels of cit-
rulline, o-fetoprotein, ferritin and pancreatic secretory
trypsin inhibitor (PSTI) were noted to have generally
increased (Table 2). We also detected high serum levels
of total and direct bilirubin, aspartate (AST) and/or
alanine aminotransferase (ALT), total bile acids and
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y-glutamyl transpeptidase. Prothrombin activity, total
protein and albumin were decreased. The mutation
types were 851del4/IVS11 + 1G > A throughout most of
late infancy, being more than 5 months of age in
patients 27, 28, 29 and 30.

Histological findings

Histological findings of the 30 patients are shown in
Table 3. The results of the fibrosis staging and inflam-
mation grading are shown in Figure 1.

Fibrosis

Most specimens showed varying degrees of fibrosis; 35%
of all specimens were classified as stage 0, while stages 1
and 2 together accounted for 50%. However, there was
a wide spectrum of fibrosis: more advanced liver lesions
with distorted lobular architecture (stage 3) (Fig. 2) and
cirrhosis were observed in four and one specimens,
respectively. One patient with cirrhosis developed
hepatic failure. Therefore, this patient underwent a
living-related liver transplant. One patient with cirrhosis
developed at 10 months of age.'

Inflammatory reaction

The degree of inflammation varied with the specimens,
where half showed moderate or severe inflammatory
changes. Inflammatory cell infiltration in the portal
tracts and piecemeal necrosis were observed (Fig. 3).
Inflammatory cells present in the portal tracts were
predominantly lymphocytes. Focal necrosis and acido-
philic bodies in the parenchyma were seen in 23 (77%)
and 12 (40%) specimens, respectively. The sinusoids
showed the proliferation of mononuclear cells with
scarce neutrophils and the activation of Kupffer cells.

Fat deposition in hepatocytes

Fat deposition in hepatocytes was observed in all speci-
mens except one and severe fatty liver was noted for 20
(67%) specimens (Fig. 4a). Fat droplets deposited in the
cytoplasm of hepatocytes varied in size, and fat-laden
hepatocytes were classified as those with macrovesicular
fat droplets, those with foamy, microvesicular fat drop-
lets, and those with mixed macrovesicular and microve-
sicular fat droplets. Hepatocytes with microvesicular fat
droplets had a centrally located nucleus. In 80% of 29
specimens with fat deposition including all 20 speci-
mens which showed severe fatty livers, there was a
mixture of macro- and microvesicular fat droplets
(Fig. 4b,c). Macrovesicular and microvesicular fatty liver
alone accounted for three (10%) and one (4%) speci-
mens, respectively. A moderate and severe fatty liver
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with an inflammatory reaction and lipogranuloma were
diagnosed as steatohepatitis, which accounted for 60%
of the patients. The histopathological findings in this
disease were different from those in non-alcoholic ste-
atohepatitis. The clinical features of one patient who
had no fat deposition in hepatocytes did not differ from
that of other patients with such fat deposition.

Cholestasis

Cholestasis was observed in 77% of the specimens and
was severe in 57%. The acinar arrangement of hepato-
cytes was prominent in specimens with severe cholesta-
sis (Fig. 5) and multinucleated giant cell transformation
was found in one case (Fig. 6).

Hemosiderin deposition

Hemosiderin deposition, mostly mild and localized in
periportal hepatocytes and macrophages in portal areas
(Fig. 4b), was observed in 57% of the specimens.

A combination of all five features, fatty liver, inflam-
matory cell infiltration, fibrosis, cholestasis and hemo-
siderin deposition was observed in the same liver biopsy
specimen in 12 {40%) of the total specimens.

Relationship between the age and the
histological findings

The mean score of each histological finding in each of
groups A, B and C are summarized in Table 4. The
degree of fibrosis, necroinflammatory reaction such as
focal necrosis and acidophilic bodies, acinar arrange-
ment of hepatocytes, cholestasis and steatohepatitis of
infants more than 3 months old (groups B and C) were
more accentuated than those of the early infants of
group A. Conversely, hemosiderosis and extramedullary
hematopoiesis in groups B and C were less pronounced
than in group A. The staging score of fibrosis, grade of
inflammation and steatohepatitis were significantly
higher in the older than in the younger group in order of
group A, B and C.

Histological findings of follow-up biopsy

Follow-up biopsies were conducted for patients 8, 9,
13 and 18, and the findings were as follows: patients 8,
9 and 13 showed histological deterioration of cholesta-
sis and fatty change. Of note, patient 9 underwent a
liver transplant at the age of 16 years because of
hepatic failure. The findings for the explant liver were
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Table 3 Histological findings of liver biopsy in the 30 patients with neonatal intrahepatic cholestasis caused by citrin deficiency

Patient no. 1 2 3 4 5 6 7 8 9 10
Stage of fibrosis 0 0 1 0 0 0 0 0 3 2
Grade of inflammation 1 2 2 1 1 1 2 1 1 1
Focal necrosis® 1 1 2 0 0 0 1 0 0 1
Acidophilic body® 0 1 0 2 ] 1 0 1 0 0
Acinar arrangement® 0 1 3 3 0 1 0 1 2 1
Cholestasis® 0 3 3 3 1 0 1 2 3 1
Degree of fat deposit® 1 3 3 3 3 3 2 3 3 3
Type of fat deposit’ 1 3 0 3 3 3 1 3 0 0
Steatohepatitis® 0 1 1 1 0 1 1 1 0 2
Hemosiderosis" 0 2 1 2 0 0 1 2 0 2
Extramedullary hematopoiesis' 0 2 0 3 2 1 0 2 0 0
Patient no. 11 12 13 14 15 16 17 18 19 20
Stage of fibrosis 0 2 2 1 0 0 3 2 1 1
Grade of inflammation 1 1 1 2 1 2 2 2 3 1
Focal necrosis 1 0 1 1 1 2 1 1 3 0
Acidophilic body 1 0 0 1 0 0 1 0 0 0
Acinar arrangement 2 0 0 2 2 1 1 1 2 1
Cholestasis 3 0 0 3 3 2 2 2 3 3
Degree of fat deposit 3 0 2 2 3 2 3 3 2 3
Type of fat deposit 3 0 2 3 3 3 3 3 3 3
Steatohepatitis 2 0 0 1 1 1 1 1 2 1
Hemosiderosis 2 0 1 0 2 1 1 0 2 1
Extramedullary hematopoiesis 0 0 0 3 2 0 1 0 0 0
Patient no. 21 22 23 24 25 26 27 28 29 30
Stage of fibrosis 2 2 0 2 2 3 1 3 3 4
Grade of inflammation 3 2 1 2 3 2 1 2 3 3
Focal necrosis 1 2 1 1 3 1 1 1 2 1
Acidophilic body 1 2 0 1 1 1 0 0 0 2
Acinar arrangement 3 2 0 2 2 1 2 1 3 2
Cholestasis 3 3 0 3 0 3 3 3 3 3
Degree of fat deposit 3 3 3 3 1 3 2 3 3 3
Type of fat deposit 3 3 3 3 1 3 3 3 3 3
Steatohepatitis 0 3 2 1 0 2 1 3 3 3
Hemosiderosis 3 1 1 1 0 1 1 0 0 0
Extramedullary hematopoiesis 1 0 1 1 2 0 0 0 1 0

“Focal necrosis was graded from 0-3 based on the number of counts per 10 fields at a magnification of x40. A score of denotes 0 is
none, 1 denotes 1-2; 2 denotes up to 4, and 3 denotes >4.

PAcidophilic bodies were counted and graded from 0-3, as similar to that for focal necrosis.

“The acinar arrangements of the hepatocytes were graded 0-3. A rating of 0 denotes none, 1 denotes involvement up to 30% of the
hepatocytes, 2 denotes 30-60%, and 3 denotes >60%.

dCholestasis was graded from 0-3. A score of 0 denotes none, 1 denotes cholestasis without a bile plug, 2 denotes scattered bile plugs,
and 3 denotes frequent bile plugs.

“The degree of fat deposition in hepatocytes was graded from 0-3 based on the percentage of hepatocytes in the biopsy involved. A
rating of 0 denotes none; 1 denotes up to 30%, 2 denotes 30-60%, and 3 denote >60%.

fThe type of fat deposit was classified as being between 0-3. A score of 0 denotes no fatty change, 1 denotes predominantly
macrovesicular fat droplets, 2 denotes predominantly microvesicular fat droplets, and 3 denotes mixed microvesicular and
macrovesicular fat droplets.

tSteatohepatitis was graded from 0-3, where 0 denotes none, 1 denotes steatosis involving up to 60% and intra-acinar inflammation
with no or mild portal inflammation, 2 denotes steatosis (>66%) with both acinar and portal inflammation, and 3 denotes panacinar
steatosis with intra-acinar inflammation and piecemeal necrosis.

"Hepatocellular iron was graded between 0-3, where 0 denotes none, 1 denotes localized deposition in the portal and /or periportal
area; 2 denotes iron deposition involving up to 60% of the parenchyma, and 3 denotes >60%.

‘Extramedullary hematopoiesis was graded between 0-3, similar to that for focal necrosis.
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Stage of fibrosis Grade of inflammation

F4

Figure 1 Results of fibrosis and the

necroinflammation.

grade of

more pronounced than those of the biopsy. Patient 8
showed progression of fibrosis from stage 1-3 and
more pronounced portal inflammation. In contrast,
patient 18 showed marked improvement of every

Figure 2 Severe fatty liver with distorted lobular architecture
due to extensive fibrosis in stage 3 with portal inflammation
(hematoxylin—eosin, original magnification x50).

Figure 3 Fatty liver with moderate inflammatory cell infiltra-
tion in the portal tract and parenchyma, which is indicative
of steatohepatitis (hematoxylin-eosin, original magnification
%x100).
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Figure 4 (a) Severe fatty liver with cholestasis. The portal
tracts show mild inflammatory cell infiltration (hematoxylin-
eosin [HE], original magnification x50). (b} Pseudo-acinor
transformation with bile plugs is observed. Hemosiderin-laden
macrophages are present in a portal tract (HE, original magni-
fication x100). (c) Macro- and microvesicular-type fatty drop-
lets. Some of the swollen hepatocytes have a foamy appearance
and their cytoplasm packed with micro-fat droplets. Kupffer
cells are activated (HE, original magnification x200).
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Figure 5 Striking pseudo-acinor transformation of the hepatic
cords containing bile plugs. Small fatty droplets are present at
the periphery of hepatocytes arranged in an acinar fashion
(hematoxylin-eosin, original magnification x100).

Figure 6 Giant cell hepatitis and cholestasis. Multinucleate
giant cells contain several nuclei (hematoxylin-eosin, original
magnification x200).

Table 4 Relationship between age and histological changes
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histological finding, including decreased portal fibrosis
and inflammation.

DISCUSSION

HE CAUSE OF liver dysfunctions such as fatty liver,

hypoglycemia and galactosemia in this disease is as
follows."® Citrin deficiency blocks the malate aspartate
shuttle, which may increase the ratio of cytosolic nico-
tinamide adenine dinucleotide (NADH) to oxidized
nicotinamide adenine dinucleotide (NADH/NAD"),
which in turn is associated with the inhibition of glyco-
lysis and makes reduced alcochol metabolism. This
may be why CTLN2 patients dislike carbohydrates and
cannot drink alcohol, and why alcohol consumption
often results in psychiatric symptoms. An increased
NADH/NAD*" ratio is also characteristic of the inhibition
of gluconeogenesis involving reduced substrates.” This,
together with the reduction in alanine metabolization to
urea and glucose due to citrin deficiency may cause
hypoglycemia in NICCD patients. Although NICCD
patients suffer from galactosemia, which sometimes
even leads to the development of cataracts, no abnor-
malities in the enzymes involved in galactose metabo-
lism have been found.* Because uridine diphosphate-
glucose epimerase which requires NAD as a cofactor is
strongly inhibited by NADH,*! galactosemia in NICCD
may represent a high NADH level in the cytosol of the
liver.

From the biochemical data of this study, 50% of the
high level of total bilirubin was associated with direct
bilirubin, but it was not always dominant. The levels of
AST were increased to more than twice the levels of ALT.
Low levels of total protein, albumin and prothrombin

Pathological findings Group A (n=16) Group B (n=9) Group C (n=5) P-value
<2 months 3~-4 months >5 months

Stage of fibrosis 0.69+1.01 1.67 £0.87 2.80%1.10 P=0.001
Grade of inflammation 1.314+0.48 2.11+£0.78 2.20+0.84 P=0.004
Focal necrosis 0.75+0.68 1.44+1.01 1.20+0.45 P=0.063
Acidophilic body 0.44 +£0.63 0.67+0.71 0.60%£0.89 P=0.523
Acinar arrangement 1.19+1.05 1.56£0.88 1.80+0.84 P=0.172
Cholestasis 1.75+£1.29 2.11+1.27 3.00+0.00 P=0.059
Degree of fat deposit 2:44 +£0.89 2.67+0.71 2.80+0.45 P=0.333
Steatohepatitis 0.81£0.66 1.224+0.97 2.40+0.89 P=0.008
Hemosiderosis 1.00+0.89 1.11+0.93 0.40 £ 0.55 P=0.356
Extramedullary hematopoiesis 094+1.18 0.67+0.71 0.20+0.45 P=0.297

The data are expressed as means * standard deviation.
P-values are by the Mantel-Haenszel linear trend test.
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activity and high levels of citrulline, a-fetoprotein, fer-
ritin and PSTI were observed as previously described in
NICCD patients.®* However, 11 patients showed high
levels of ferritin, which were not observed in previous
reports on NICCD patients. Therefore, the pediatric
hepatologist should suspect NICCD when a neonatal
cholestatic patient has high levels of AST of more than
twice the ALT value, citrulline, a-fetoprotein and fer-
ritin, and low levels of total protein and prothrombin
activity.

The histological findings in this study such as a fatty
liver, cholestasis, necroinflammatory reaction and iron
deposition are not pathognomonic findings because
they occur in various liver diseases.”? However, the com-
bination of mixed macrovesicular and microvesicular
fatty hepatocytes and these histological findings are
almost never observed in other liver diseases in infants
and adults. Microvesicular fatty deposition was found
in NICCD, this type of fatty change is a characteristic
feature of Reye syndrome? and other rare conditions.”
However, the histogenesis of the microvesicular fatty
deposition in NICCD is unclear. It might reflect the
acute impairment of B-oxidation of fatty acid due to
mitochondrial dysfunction as in Reye syndrome.

Although our series of NICCD patients shared
common liver histological findings as described above,
there seemed a tendency that late infants of group C had
more advanced fibrosis and more accentuated inflam-
mation than those of early infants of group A. The dura-
tion of illness may be an aggravating factor of the
progression of the disease in some cases. There was no
difference between the liver histological findings and
mutation type. Interestingly, however, the mutation
type of patients with severe fibrosis who were 6 and
7 months of age was 851del4/IVS§11 + 1G > A. Because
evidence for this relationship between the mutation
type and the progression of fibrosis is not clear, further
investigation is needed. Moreover, in the follow-up liver
biopsy patients, we observed improvements in their
liver histological findings as the liver dysfunction was
ameliorated. Therefore, we speculate that the correla-
tions between the stage of the liver histological findings
and the biochemical test data exist.

This study found that NICCD is a disease with char-
acteristic hepatopathological features. If NICCD is sus-
pected in the presence of cholestasis during infancy, a
liver biopsy should be performed to screen for liver
diseases. We believe that a liver biopsy is of high diag-
nostic value for NICCD, and is useful for accurately
assessing inflammation and the degree of the progres-
sion of fibrosis.

® 2010 The Japan Society of Hepatology
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Although we were not able to elucidate the natural
history of the disease, we previously found that despite
a benign course in the majority of the patients, it leads
to the development of liver cirrhosis in some patients
with CTLN2.5'° This suggests that it involves the risk of
progressive fibrosis and eventually leads to the develop-
ment of cirrhosis. This possibility is suggested by
the above histopathological findings characteristic of
NICCD in the patients who progressed to stage 3
chronic hepatitis and cirrhosis. Although the process
responsible for the progression of liver lesions is not
clear, some patients with steatohepatitis including non-
alcoholic steatohepatitis (NASH) progress to cirrhosis.**
In this study, steatohepatitis was found in 60% of the
specimens. It is likely that, in NICCD, steatohepatitis
repeatedly deteriorates, persists and progresses.

In conclusion, if NICCD is suspected in the presence
of cholestasis during infancy, a liver biopsy should be
performed to screen for other liver diseases. NICCD is a
disease with characteristic hepatopathological features,
such as the combination of mixed macrovesicular and
microvesicular fatty hepatocytes, cholestasis, necroin-
flammatory reaction and iron deposition. Therefore, it is
possible to diagnose NICCD based on histological liver
findings in most cases. However, when cirrhosis with fat
deposition is detected in hepatocytes in liver specimens,
the patient should be carefully observed, because the
prognosis of NICCD patients is not always fair, with
some developing progressive liver failure by 1 year of
age. Finally, we could not infer the development of
CTLN2 from the histological findings of the patients
with NICCD who were examined in this study.
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