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Histological findings in the livers of patients with neonatal
intrahepatic cholestasis caused by citrin deficiency

Akihiko Kimura," Masayoshi Kage,? Ikuo Nagata,® Sotaro Mushiake,* Toshihiro Ohura,®
Yusaku Tazawa,® Shunichi Maisawa,” Takeshi Tomomasa,® Daiki Abukawa,®
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Ken Tanikawa,? Keiko Kobayashi'* and Takeyori Saheki'
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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
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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
Wpatients 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

Bridging fibrosis between portal tracts with lobular
distortion

Stage 3

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, a-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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