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lengthened. Five of the patients required fresh frozen plasma
to supplement their coagulation factors after vitamin K failed
to normalize the prothrombin time.

Hypergalactosaemia is usually accompanied by cataracts
and should be treated with lactose-free formulaas soon asitis
detected. The screen-negative patients were free from hyper-
galactosaemia at newborn screening, but developed it subse-
quently (Tamamori et al 2004; Tazawa et al 2004). Galactose
concentration should be checked whenever a citrin deficiency
is suspected.

Hypoglycaemia was present in 18 patients. We speculate
that this is caused by a disturbance of gluconeogenesis, be-
cause the aspartate—glutamate carrier (citrin) provides sub-
strates for gluconeogenesis as a part of the pathway for the
conversion of amino acids to glucose (Hachisu et al 2005;
Saheki and Kobayashi 2002; Tamamori et al 2002). Hypo-
glycaemia may be a common feature in patients with citrin
deficiency.

Most of the patients with NICCD were initially diag-
nosed with neonatal hepatitis syndrome before the DNA di-
agnosis, and were thus treated according to protocols for
this condition (Balistreri 1985). MCT-enriched formula, fat-
soluble vitamins, ursodeoxycholic acid, and phenobarbital
were widely used. Lactose-free formula was used for the pa-
tients with hypergalactosaemia. When Naito and colleagues
(Naito et al 2002) performed lactose challenge tests on an
infant with NICCD, the first challenge at 56 days led to a
worsening in the liver function tests and a return to hyper-
galactosaemia, whereas the re-challenge at 152 days did not
worsen the laboratory findings. These data suggest that lac-
tose may be toxic to patients with NICCD while cholestasis
persists. In our study, however, 18 patients improved without
the use of special milk formula.

Two of the screen-negative patients suftered liver failure
and underwent liver transplantation before their first birth-
days. The first patient (case | in Tamamori et al 2002) ini-
tially presented at 2 months of age because of poor weight
gain and jaundice. Thereafter she was followed carefully,
but her liver function tests worsened from age 6 months and
liver failure ensued. She underwent living-related donor liver
transplantation at age 10 months. The second patient was re-
ferred to hospital at age 3 months because of jaundice. His
liver function progressively worsened and he finally devel-
oped hepatic dysfunction. He underwent living-related donor
liver transplantation at 5 months (unpublished data). Inter-
estingly, the provisional diagnosis was tyrosinaemia type Iin
both cases, even though succinylacetone was not detected in
their urine. Patients with NICCD should be followed closely
to identify the rare cases with a poor prognosis. One patient
who recovered from NICCD before his first birthday devel-
oped CTLN2 and required liver transplantation at age 16
(Tomomasa et al 2001). It is important to collect more clin-
ical data on patients with NICCD and CTLN?2 to elucidate

genetic and environmental factors which determine the age
of onset, course and prognosis in patients with CTLN2.
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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 macrovesicuiar 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 I.'? 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 CILNI,
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
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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, CILN2 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 1week 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 dlarify 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 cirthosis

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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v-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 cirthosis 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 induding 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

© 2010 The Japan Society of Hepatology
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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 0 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 depositf 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.

bAcidophilic 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 O 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 O denotes none; 1 denotes up to 30%, 2 denotes 30-60%, and 3 denote >60%.

The 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.

8Steatohepatitis 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 for periportal
area; 2 denotes iron deposition involving up to 60% of the parenchyma, and 3 denotes >60%.

iExtramedullary hematopoiesis was graded between 0-3, similar to that for focal necrosis.
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Stage of fibrosis Grade of inflammation
- F4
A3
F2 A2

Figure 1 Results of fibrosis and the grade of
necroinflammation.

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).

e ; i

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). (¢) 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).

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 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/NADY),
which in turn is associated with the inhibition of glyco-
lysis and makes reduced alcohol 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 1.31+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+£1.29 211+1.27 3.00£0.00 P=0.059
Degree of fat deposit 2.44+0.89 2.67+0.71 2.80+ 045 P=0.333
Steatohepatitis 0.81+£0.66 1.22 £0.97 240+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+£ 045 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, o-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, o-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/IVS11 + 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

Hepatology Research 2010; 40: 295-303

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.%'° This suggests that it involves the risk of
progressive fibrosis and eventually leads to the develop-
ment of cirthosis. 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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Neonatal Cholestasis Associated with Hypoproteinemia
—Hepatic Steatosis and Siderosis—

Yusaku Tazawa'’, Daiki Abukawa?, Yasuro Oyake®, Fujihiko Nishinomiya®,

Shunichi Maisawa®, Junichiro Aikawa®, Toshihiro Ohura?®,

Goro Takada" and Tasuke Konno®
YDepartment of Pediatrics, Akita University School of Medicine

?Tohoku University School of Medicine

¥Hachinohe Red Cross Hospital
“Morioka Children Hospital
®Department of Pediatric Oncology, Institute for Developing, Aging and Cancer, Tohoku University

Idiopathic neonatal hepatitis (INH) is associated with a variety of complications, but rarely with
hypoproteinemia. We experienced three cases with hypoproteinemia, £4.1 g/100 ml, in 60 INH cases over
the past 10 years. The remaining 57 cases had a range of 4.9 to 7.0 g/100 m! (5.8 + 0.7 g/100 ml). The
three patients, 39 to 53 days of life, had galactosemia (2/2), tyrosinemia (2/3), methioninemia (1/3), a low
activity of vitamin K dependent coagulant factors (3/3), hypotransferritinemia (2/2) and hyperfer-
ritinemia (2/2). All three patients had diffuse macrovesicular steatosis and siderosis in the liver. No
extrahepatic siderosis was found in the patients examined. By substitution mixed or bottle feeding to
galactose-free or galactose-free and middle chain triglyceride-rich milk, all three patients quickly re-
sponded within one week and recovered. All biochemical abnormalities normalized by five months of life.
A follow-up biopsy, examined in one patient at 12 months of life, showed no fat or iron deposits in the liver
but residual portal fibrosis. We reported an undescribed subset of INH associated with hepatic steatosis
and siderosis. Iron-overload and/or malnutrition may contribute to the pathogenesis of the disease.
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Disturbances of Amino Acids Metabolism in Infants with
Idiopathic Neonatal Hepatitis

Toshihiro Ohura®, Daiki Abukawa?, Junichiro Aikawa", Michiko Nakagawa",
Shinobu Ishizawa?, Yusaku Tazawa®, Kuniaki Narisawa®
and Kazuie linuma®?
bPepartment of Pediatrics, ‘Tohoku University School of Medicine
Department of Pediatrics, Akita University School of Medicine
»Department of Biochemical Genetics, Tohoku University School of Medicine

Seven infants with idiopathic neonatal hepatitis associated with abnormal aminograms were inves-
tigated biochemically and histologically. All patients were detected by newborn metabolic screening. Five
infants were positive for homocystinuria, two for phenylketonuria, one for galactosemia. Hypermeth-
ioninemia and hypertyrosinemia were previously reported in cases of neonatal hepatitis. In addition to
these two amino acids, serum threonine, citrulline, lysine, and arginine levels were elevated. Especially,
the citrulline level increased more than ten fold over the upper normal limit (5.0-17.5 mg/dl), but
blood-ammonium levels were within the normal range. Serum total bile acids and yGTP were also
markedly elevated. Liver histology showed microvesicular fat deposits and severe cholestasis in all
patients. Giant cell transformation, which is common in neonatal hepatitis, was not detected. These
results were not typical findings of neonatal hepatitis. Abnormal aminograms persisted for a couple of
months and improved prior to the disappearance of cholestasis. All biochemical abnormalities normalized
by 18 months of life. We speculate that the pathogenesis of the intrahepatic cholestasis associated with
abnormal aminograms we reported was different from that of typical neonatal hepatitis.



