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Abstract A Japanese girl with neonatal-onset chronic
hepatitis and systemic inflammation was diagnosed with
hyper-immunoglobulinemia D and periodic fever syn-
drome (HIDS). However, she lacked the typical HIDS
features until the age of 32 months. She had compound
heterozygous MVK mutations, H380R and A262P, the
latter of which was novel. These findings suggest that
HIDS patients could lack typical episodes of recurrent
fever at the onset and that HIDS should be considered as a
possible cause of neonatal-onset chronic hepatitis.
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Abbreviations

HIDS  Hyper-immunoglobulinemia D and periodic fever
syndrome

IgD Immunoglobulin D

MVK  Mevalonate kinase

FMF Familial Mediterranean fever
MEFV  Familial Mediterranean fever gene
AIH Autoimmune hepatitis

CRP C-reactive protein

Introduction

Mevalonate kinase deficiency is an autosomal recessive
metabolic disorder caused by mevalonate kinase (MVK)
gene mutations. The disorder presents as a phenotypic
spectrum in which mevalonic aciduria is the more severe
form, with neurological complications, and hyperimmuno-
globulinemia D and periodic fever syndrome (HIDS) is the
milder form. HIDS is characterized by recurrent febrile
attacks, with lymphadenopathy, abdominal symptoms, skin
eruptions, and joint involvement [1]. In this report, we
describe a patient with a severe form of HIDS caused by a
novel MVK mutation; the patient had presented with neo-
natal-onset chronic hepatitis that was temporarily diagnosed
as autoimmune hepatitis (AIH). The lack of typical recur-
rent fever and rashes at the onset of the disease delayed the
diagnosis of HIDS, which alerted the clinicians that HIDS
could exist in patients with continuous inflammatory epi-
sodes even with atypical clinical courses.
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Case report

A Japanese girl was born at 36 weeks’ gestation with a
weight of 2,240 g. Her parents were non-consanguineous
and the family history was unremarkable. At birth she had
no symptoms, but physical examination revealed hepato-
megaly (1.5 cm below the right costal margin) without
splenomegaly. No jaundice, ascites, or coagulation abnor-
malities were present. Laboratory examinations showed
increased white blood cell count (45,700/mm3) and serum
C-reactive protein (CRP) (15.8 mg/dl), as well as increased
transaminase levels (aspartate aminotransferase [AST]
207 IU/1, alanine aminotransferase [ALT] 96 IU/1), lactate
dehydrogenase (LDH) (6,575 IU/l), and biliary enzyme
levels (y-guanosine triphosphate [GTP] 61 IU/). An
increased immunoglobulin M level (53.0 mg/dl) caused us
to work on congenital infections, with bacterial cultures of
blood, cerebrospinal fluid (CSF), and gastric fluid, and
determination of serum f p-glucan, and measurements of
serum antibodies against cytomegalovirus, toxoplasmosis,
syphilis, rubella, herpes simplex type I and type II, listeri-
osis, Epstein-Barr virus, adenovirus, hepatitis A and B and
C viruses, Chlamydia trachomatis, and mycoplasma, all of
which were negative. Radiographic work-up with computed
tomography (CT), magnetic resonance imaging (MRI), and
gallium scintigraphy, as well as bone-marrow aspirate
examination, did not reveal any congenital neoplasm. A
search for metabolic disorders by measurements of blood
amino acids and urinary organic acids was negative.
Without any specific treatments, the hepatomegaly
gradually increased, although abdominal MRI revealed

Fig. 1 Liver biopsy specimen
showing chronic hepatitis. a The
portal tract is infiltrated with
lymphocytes (H&E, x200).

b Short septa extend from the
slightly enlarged portal tract
(reticulum, x100)
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diffuse inflammation of the liver. To explore further the
cause of the hepatomegaly, a needle liver biopsy was
performed at the age of 6 months. The biopsied liver
specimen showed the presence of mild lymphocytic infil-
tration and fibrosing lesions in the portal area, and short
septa extending from a slightly enlarged portal tract
(Fig. 1a, b), which indicated a diagnosis of chronic hepa-
titis without specific causes.

At the age of 14 months, splenomegaly appeared, and
elevated serum IgG (2,299 mg/dl) as well as anti-smooth
muscle antibodies (1:160) were detected, which led us to
diagnose the patient as having AIH [2]. The patient
received methylprednisolone pulse therapy, followed by
prednisolone and azathioprine for the presumed AIH [3].
Serum transaminase levels normalized in response to the
treatment, although cervical lymphadenopathy, hepato-
splenomegaly, and elevated serum CRP persisted.

The continuous elevation of CRP prompted us to con-
sider autoinflammatory diseases; thus, we performed
genetic analysis for familial Mediterranean fever (FMF),
tumor necrosis factor (TNF) receptor-associated periodic
syndrome, and cryopyrin-associated periodic syndrome, at
the age of 26 months. After obtaining written informed
consent from the parents and approval from the Institu-
tional Review Board of Kyoto University, peripheral blood
samples were collected from the patient and her parents for
genetic analysis. The analysis was done by sequencing all
the exons, including exon—intron junctions, which showed
heterozygous L.110P and E148Q missense mutations on the
familial Mediterranean fever (MEFV) gene (Fig. 2a)
without any mutations of the TNFRSF1A and NLRP3
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genes. The L110P and E148Q mutations on MEFV were
considered to be single-nucleotide polymorphisms (SNPs),
based upon the prevalence of the mutations, as well as their
weak association with FMF in Japan. Because none of
periodic fever, rashes, gastrointestinal symptoms, or ele-
vated serum IgD was observed at that time, the MVK gene
was not examined.

The patient continued to show a good response to the
AIH treatments, although tapering off the prednisone
induced periodic fever with maculopapular rashes
approximately once a month, shown for the first time at the
age of 32 months. The fever episodes persisted for
3-5 days and the duration of the fever was reduced to
1-2 days by temporarily increasing the dose of prednisone.
Serum CRP levels were around 20 mg/dl at the onset of
fever, and 14 mg/dl in the asymptomatic period. The
newly emerged clinical symptoms and the good response to
the systemic steroid prompted us to consider HIDS. Full
examination for HIDS showed: (1) elevated serum IgD
(19.2 mg/dl) (control 0-9 mg/dl); (2) increased urinary

Fig. 2 Genetic analysis.

mevalonic acid (49.1 pug/mg creatinine) (control 0.091 £
0.028 pg/mg creatinine); and (3) a significant decrease in
the mevalonate kinase activity of peripheral blood mono-
nuclear cells (PBMCs; below the detection limit). Genetic
analysis of the MVK gene revealed compound heterozy-
gous mutations, A262P and H380R, the former of which
was a novel mutation (Fig. 2b). The MVK mutations were
not identified in 100 healthy Japanese controls. Finally we
diagnosed the patient with HIDS, at the age of 6 years. We
treated the patient with simvastatin (0.07 mg/kg/day),
which was partially effective in reducing the fre-
quency of the periodic fever. Although no decline in
urinary mevalonic acid has been produced by simvastatin
(33.7-107.8 png/mg creatinine), the patient has had a
benign course, without mental retardation or neurological
impairments (Fig. 3).

To see if the patient’s liver abnormalities were due to
either AIH or HIDS, we performed an immunohistological
analysis of the biopsied liver specimen. It was stained for
CD68, and unstained for CD3 and CD79 (Fig. 4). These

(b) A262P

a Genetic analysis of the MEFV
gene. The patient had
heterozygous amino acid
changes of L110P and E148Q.

b Genetic analysis of the MVK

gene. The patient had 108

260 y
‘heterozygous mutations of E 1z 264
A262P and H380R E148Q
¢ A 8 A G 6 ¢ &6 6 g v " —
Lon || Po || ou J| A ][ ey ] Cser 1T 1e J[His Jser 1 aw ]
146 150 378 Cas 382
MEFV MVK
Fig. 3 Clinical course. Hepato Age(year) 0 2 3 4 5 6 7 8
Hepatosplenomegaly, Lymph
cervical lymphadenopathy, MP Hepato
methylprednisolone, PSL Lymph
prednisolone, AZ azathioprine, Fever, Rash
ASMA anti-smooth muscle ’
antibody, U-MVA urinary MP
mevalonic acid (pg/mg PSL
creatinine) A7
Simvastatin
IgG 561 2,299 1,365 1,505
IgD <0.6 19.2
ASMA x160 x40
U-MVA 49,1 107.8 33.7
MEFV MVK
gene gene
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Fig. 4 Immunohistochemical

analysis of the biopsied liver (a) .
tissues. a CD3 (x400), b CD68 : e
(x400), ¢ CD79 (x400) CD3 S

data led us to conclude that the hepatitis seemed to be a
manifestation of HIDS, rather than resulting from an
autoimmune response.

Discussion

We have reported here a Japanese girl who was diagnosed
with HIDS by genetic analysis, as well as by laboratory
examinations such as mevalonate kinase activity and uri-
nary excretion of mevalonate. According to the report of
the Japanese HIDS registry, the 4 most prevalent MVK
mutations (V3771, 1268T, H20P/N, and P167L) accounted
for 71.5% of the mutations found. Our patient had a very
rare genotype among the patients on the HIDS registry, as
the H380R mutation was identified in 1.5% of the patients
and A262P was a novel mutation. Because mevalonate
kinase activity was below the detection limit, mevalonic
aciduria could have been considered as the diagnosis in our
patient. However, the mevalonic acid level in the urine was
not as high as that reported for patients with mevalonic
aciduria [4] and the clinical features of our patient lacked
the neurological and developmental abnormalities that are
distinctive signs of mevalonic aciduria. Thus, we con-
cluded that the patient suffered from a severe form of
HIDS, although we note that mevalonate kinase deficiency
presents as a phenotypic continuum in which disease
severity ranges from mevalonic aciduria to HIDS [5].
Serum transaminase levels in our patient were elevated
since birth, which is relatively rare for HIDS, and liver
biopsy showed chronic non-specific hepatitis [6]. Although
the serum transaminase levels were improved by the

@ Springer
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treatment for AIH, the histological and immunohisto-
chemical findings were not typical of AIH [6], which is a
generally unresolving inflammation of the liver of
unknown cause [7]. There have been some reports of HIDS
patients with liver abnormalities. Topaloglu et al. [8]
reported a similar case of HIDS in a patient who had
neonatal hepatosplenomegaly without fever at the begin-
ning, and they performed liver biopsy which showed portal
fibrosis. Hinson et al. [9] reported two patients with mev-
alonate kinase deficiency who had neonatal hepatospleno-
megaly and elevated transaminase levels; liver biopsy
showed chronic active cholestatic hepatitis and portal
fibrosis, respectively.

Neonatal hepatitis is a syndrome associated with a history
that includes any type of infectious, genetic, toxic, or met-
abolic causation. Neonatal hepatitis is characterized by
clinical and laboratory findings of liver dysfunction, par-
ticularly conjugated hyperbilirubinemia. In our patient, the
clinical course in early childhood was not typical of neonatal
hepatitis. But the clinical course in our patient suggests that
it is important to include HIDS in the differential diagnosis
of neonatal hepatitis or neonatal-onset chronic hepatitis.

Genetic analysis of autoinflammatory disease genes in
our patient revealed 2 heterozygous amino acid changes,
L110P and E148Q, in the MEFV gene, which were shared
with the patient’s asymptomatic mother. It has been reported
that the allele frequency of E148Q in the Japanese popula-
tion was high (16.38%), and both E148Q and L110P are
considered as SNPs [10]. On the other hand, Touitou et al.
[11] demonstrated that E148Q may have an exacerbating
effect on FMF when it is part of complex alleles. In addition,
there are other reports that mutations in 2 autoinflammatory
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genes cause more severe diseases [8, 12]. Thus, the hetero-
zygous E148Q and L110P amino acid changes in the MEFV
gene may cause a more severe form of HIDS.

The name ‘HIDS’ was given to the disorder because of
the observed elevation in serum IgD, before the identifi-
cation of the disease-causing mutations in the MVK gene.
In a study of 103 HIDS patients, 22% had normal serum
1gD, particularly during infancy [13], which indicates that
serum IgD is not sensitive enough for diagnosing HIDS. In
Asian countries like Japan, HIDS is so rare that clinicians
do not know the clinical relevance of IgD in relation to the
diagnosis of HIDS. Therefore, it is very important to let
clinicians know that more specific and more sensitive
diagnostic tests; namely, measurement of urinary meva-
lonic acid and/or genetic analysis of the MVK gene are
necessary to diagnose HIDS. It should also be pointed out
that both the measurements of urinary mevalonic acid and
the genetic tests of the MVK gene require special labora-
tory equipment, which makes it difficult to access such
diagnostic tests.

In conclusion, we have reported a patient with a severe
form of HIDS who presented with neonatal-onset chronic
hepatitis with a novel MVK mutation. HIDS should be
included in the differential diagnosis of neonatal-onset
chronic hepatitis, even if the serum IgD is within the
normal range and typical recurrent fever is not identified.
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Acute liver failure in young children with systemic-onset juvenile
idiopathic arthritis without macrophage activation syndrome:

Report of two cases
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Abstract: Acute liver failure (ALF) with macrophage activation syndrome (MAS) is well known as a complication of systemic-onset juvenile
idiopathic arthritis (S-JIA). However, liver failure without overt MAS is rare in S-JIA. We encountered two Japanese children with S-JIA in whom ALF
developed during the remission of clinical manifestations. ALF without MAS was improved with plasma exchange and cyclosporine A combined

with pulse methylprednisolone.

Key words: adult-onset Still's disease; cyclosporine A; plasma exchange; pulse methylprednisolone; systemic-onset juvenile idiopathic

arthritis.

Liver dysfunction is an infrequent complication in systemic-
onset juvenile idiopathic arthritis (S-JIA). However, it is known
that among rheumatic disease patients, those with S-JIA are the
most susceptible to macrophage activation syndrome (MAS),"?
which is among the secondary causes of hemophagocytic lym-
phohistiocytosis (HLH) in rheumatic diseases.> The excessive
activation and proliferation of T-cells and well-differentiated
macrophages lead to an overwhelming inflammatory reaction
which can be fatal. We describe two Japanese children with
S-JIA in whom acute liver failure (ALF) developed during the
course of corticosteroid treatment. Neither of them had hemoph-
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agocytosis demonstrated on bone marrow aspirates. In addition, their
clinical manifestations and laboratory findings did not fulfil the
diagnostic criteria for HLH. Their diseases were diagnosed as
ALF without MAS.

Case 1

In 2003, a previously healthy 4-year-old girl presented with
high fever, joint pain and a salmon-coloured rash. Her right
elbow and both knees were painful and resisted full range of
motion. On day 4 of illness, laboratory findings showed a white
blood cell count and serum C-reactive protein (CRP) values
were increased (Table 1). Liver enzyme values were within
normal limits. Clinical symptoms were not improved by treat-
ment with antibiotics. Bacterial infection, leukaemia, inflamma-
tory bowel disease and other rheumatic diseases such as
systemic lupus erythematosus were excluded by clinical symp-
toms and laboratory findings. Magnetic resonance imaging
(MRI) of her right knee showed joint effusion. Arthritis and
daily fever persisted for more than 6 weeks after October.
Because her clinical manifestations fulfilled the criteria of
S-JIA,* her disease was diagnosed as S-JIA. A 3-day course of
intravenous pulse methylprednisolone (PM) (30 mg/kg/day)
was started on day 43 of illness, followed by oral steroid therapy
(prednisolone 2 mg/kg/day). After the treatment, her clinical
symptoms improved, and serum CRP values became normal. On
day 57 of illness, however, an elevation of serum liver enzyme
values was found, and serum CRP values were slightly increased
(Table 1). Although she no longer had fever or joint pain, a
flare-up of S-JIA was suspected. She gradually became jaun-
diced but had no fever. On day 83 of illness, the laboratory
findings were presented (as shown in Table 1). Viral markers

Journal of Paediatrics and Child Health © 2011 Paediatrics and Child Health Division (Royal Australasian College of Physicians)
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Table 1 Laboratory findings at onset and during clinical course
Laboratory findings Case 1 Case 2
{normal values) Day 4 Day 57 Day 83 Day27 Day 58 Day 69 Day 70
WBC (3.5-8.5 x 10°/uL) 145 18.0 135 195 10.3 83 16.4
Hemoglobin {13.5-17.0 g/dL) 11.7 121 14.0 1.7 1.5 12.8 13.6
Platelet count (15-35 x 10%/uL) 37.6 27.3 26.2 452 33.8 249 24.6
Total bilirubin (0.2-1.2 mg/dL) 0.4 0.4 13.7 ND 0.4 58 73
AST (8-38 U/L) 22 72 1349 23 43 764 890
ALT (4-44 U/L) 23 169 1814 10 46 1699 1565
ALP (104-338 UiL) ND 323 535 ND 312 1980 1987
Y-GTP (16-73 U/L) ND ND 105 ND 60 451 490
C-reactive protein (<0.5 mg/dL) 6.7 29 0.5 9.0 1.6 ND ND
Prothrombin time (70-140%) ND ND 51 83.6 ND ND 59.9
International normalized ratio (0.8-1.2) ND ND 1.65 1.07 ND ND 13
Ferritin (21-282 ug/L) ND ND 992 849 258 438 620
Soluble IL-2 receptor (190-650 U/mL) ND ND 10 100 ND ND ND 4803
Triglyceride (<50 mg/dL) ND ND 262 ND ND ND 280
Fibrinogen (150-350 mg/dL) ND ND 173 ND ND ND 100

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ND, no data; WBC, white blood cell count.

Table 2 Diagnostic guidelines for hemophagocytic lymphohistiocyto-
sis in the two patientst

Case 1 Case 2
Fever No Yes
Splenomegaly No No
Cytopenias (affecting >2 of 3 No No
lineages in the peripheral blood)
Hypertriglyceridemia and/or No Yes
hypofibrinogenemia
Fasting triglycerides >265 mg/dL
Fibrinogen <150 mg/dL
Hemophagocytosis in bone No No
marrow, spleen, or lymph nodes
Low or absent NK-cell activity Not performed  Not performed
Ferritin =500 pg/L Yes Yes
Soluble CD25 (soluble IL-2 receptor)  Yes Yes

=2400 U/mL

tAdopted from Henter et al . NK, natural killer.

and screening tests for metabolic disease were all negative.
Although she was suspected to be complicated with MAS, her
bone marrow aspirate showed no evidence of hemophagocyto-
sis. Additionally, her clinical signs and laboratory findings did
not meet the criteria of HLH (Table 2). A percutaneous liver
biopsy showed confluent necrosis with lobular inflammation,
interface hepatitis and rosette formation. These findings were
consistent with autoimmune hepatitis (AIH). According to the
diagnostic scoring system of the International Autoimmune
Hepatitis Group,® her disease was classified as ‘probable AIH'.
On day 86 of illness, she became somnolent as jaundice contin-
ued. Although coagulopathy deteriorated, she was afebrile. We

thought that ALF was caused by subclinical MAS or AIH; hence,
plasma exchange and PM administration (30 mg/kg/day for
3 days) were performed, followed by intravenous cyclospor-
ine (1 mg/kg/day). Her clinical symptoms were dramatically
improved and liver dysfunction resolved within a month.

Case 2

A previously healthy 5-year-old boy was referred to our hos-
pital with high fever persisting for 14 days, erythematous rash
and joint pain in 2007. He had intermittent fever and com-
plaints of joint pain in the 3 months prior. On day 27 of
illness, leukocytosis, thrombocytosis and anaemia were found
(Table 1). The joint pain in his hip and knee was so severe he
could not walk. MRI of his right knee joint showed synovial
hypertrophy and effusion. These findings were consistent with
the early features of JIA. On the basis of clinical, laboratory
and MRI findings, a diagnosis of S-JIA was made on day 31 of
illness. Intravenous PM was started, followed by oral predniso-
lone (1 mg/kg/day). After this initial treatment, his high fever
subsided and polyarthritis was improved. On day 58 of illness,
the elevation of serum transaminase values was detected by
routine blood examination (Table 1). However, he had no
clinical signs or symptoms of S-JIA. On day 69 of illness, jaun-
dice and diarrhoea appeared. Moreover, serum transaminase
values were markedly increased (Table 1). Suddenly, on day
70 of illness, he began vomiting and became somnolent. His
temperature was 38.3°C. Laboratory findings are shown in
Table 1. Viral markers, autoantibodies and screening tests for
metabolic disease were all negative. In addition, there was no
evidence of hemophagocytosis in the bone marrow aspirate.
Although natural killer activity was not measured, his clinical
symptoms and laboratory findings did not fulfil the criteria of
HLH (Table 2). A percutaneous liver biopsy showed severe
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Fig. 1 Immunochemical staining was performed with liver tissue using
CD68. (a) This biopsy shows that intra-sinusoidal CDé8-positive macroph-
ages were numerous in the portal and peri-portal area before treatment. (b}
Intra-sinusoidal CD68-positive macrophages were present but not markedly
so in the convalescent phase.

degeneration of hepatocytes with slight necro-inflammatory
changes. Numerous large and irregularly shaped CD68+ cells
(macrophages/Kupffer cells) were seen in the lobular area
(Fig. 1a). Therefore, he was diagnosed with ALF of unknown
aetiology. Because the activated intrahepatic cells were pre-
sumed to be associated with ALF plasma exchange, PM
(30 mg/kg/day for 3 days) and intravenous administration of
cyclosporine A were initiated. He made a good clinical recov-
ery with full remission of the ALF. The number of CD68+ cells
in the liver was decreased after these treatments (Fig. 1b).
After cessation of cyclosporine A, he remained in full, clinical
and laboratory remission.

Discussion

Unless MAS occurs, liver abnormalities are uncommon in S-JIA.
When the two children were diagnosed with S-JIA, the levels of
serum liver enzymes were normal. They responded well to the
initial therapy, and the manifestations of S-JIA such as high
fever and joint pains were improved. However, ALF developed
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a few months after the onset of S-JIA. We strongly suspected
that MAS was associated with ALF. Although bone marrow
aspirates are not the gold standard for the diagnosis of MAS,
bone marrow aspirates did not show the finding of hemophago-
cytosis. Additionally, their clinical features and their laboratory
findings did not fulfil the criteria of HLH. These cases suggest
that there is another mechanism of liver dysfunction, which are
not associated with MAS, in S-JIA.

First, the liver was injured by the intrahepatic activated
macrophages/Kupffer cells. MAS is caused by the excessive
activation of well-differentiated macrophages, resulting in
fever, hepatosplenomegaly, cytopenia, liver disease and neuro-
logical involvement. Usually, multiple organs are affected by
systemic activated macrophages. In both cases, however, the
activation of macrophages seemed to be localized in the liver.
Therefore, these patients did not meet the criteria of MAS.
Although it is difficult to clarify the mechanism of the local-
ization of macrophage activation based on only two cases, we
speculated that an infectious trigger was related to ALF
without ‘systemic’ MAS. In case 2, diarrhoeagenic Escherichia
coli 044 was isolated from stool culture, although stool culture
was not performed in case 1. Blood supply of the liver depends
on the portal venous system as well as the hepatic artery. Thus,
the liver is well known as the first line of host defence and
likely to be influenced by intestinal conditions via portal
venous system.®’ Various bacterial infections could activate
intrahepatic macrophages/Kupffer cells by producing endot-
oxin and bacterial antigens in the intestinal tract.” Localized
intrahepatic macrophage activation might be a special form of
MAS induced by intestinal infection. The immunochemi-
cal studies demonstrated that the number of intrahepatic
macrophages/Kupffer cells in acute phase was higher than that
after treatment. These findings suggested that activated intra-
hepatic macrophages/Kupffer cells were associated with ALF in
S-JIA. Plasma exchange was used for the purpose of the rapid
reduction of cytokine levels. Cyclosporine A combined with
PM was effective for the control of the activated intrahepatic
macrophage/Kupffer cells.

Second, there is a possibility that the liver failure was caused
by acute-onset AIH concomitant with S-JIA. On the basis of the
international criteria for AIH, the child in case 1 was classified as
‘probable” AIH®. Although no autoantibodies were detected in
case 1, histologic features such as interface hepatitis and rosette
formation suggested that the ALF might have been due to acute-
onset AIH. ATH frequently coexist in other autoimmune diseases
such as rheumatoid arthritis and celiac disease. Recently, two
case reports describing a diagnosis of AIH made after an initial
manifestation of S-JIA have appeared.®®

Third, ALF with S-JIA could be induced by drugs. In particu-
lar, non-steroidal anti-inflammatory drugs (NSAIDs) are well
known as causative agents of liver failure.'® However, while an
NSAID was prescribed in case 1, it was not in use when liver
enzyme values became elevated. We evaluated the probability
of a diagnosis of drug-induced liver injury using a previously
reported scoring system.!! The results were ‘unlikely’ and
‘excluded’ in case 1 and 2, respectively.

In conclusion, we present two cases in which S-JIA was
complicated with ALF without MAS. In these two cases
of S-JIA with ALF in which MAS could not be confirmed,
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plasma exchange and cyclosporine A combined with PM were
effective.

Multiple Choice Questions

1. Which markers are not useful for diagnosis of macrophage
activation syndrome?
A C-reactive protein.
B White blood cell/Hb/Plt counts.
C NK cell activity.
D Fibrinogen.
E Ferritin.
2. Which autoimmune diseases can be often followed by mac-
rophage activation syndrome? Choose all that apply.
A SLE.
B Autoimmune hepatitis.
C Systemic JIA.
D Graves-Basedow disease.
E Ulcerative colitis.
3. Which drugs are effective for the treatment of macrophage
activation syndrome?
A H2-blocker.
B Antibiotics.
C Methotrexate.
D Corticosteroid.
E Non-steroidal anti-inflammatory drugs.
Answers
1 A C-reactive protein is not included in the criteria of hemoph-
agocytic lymphohistiocytosis.
2 A and C. SLE and systemic JIA are well known as an associa-
tion with macrophage activation syndrome.
3 D Corticosteriod, cyclosporine A, and etoposide are
recommended for the treatment of hemophagocytic
lymphohistiocytosis.

E Hiejima et al.
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DHLY AiE, Na 4 A ARFEHOKERS X 09
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late co-transporting polypeptide (NTCP) &%,

- & i organic anion tansporting proteins

(OATP) BEAHIRADIY AH%EHE> T2, T

NoDbT Y AR— 7 —FFIEORRAR (4

) \ZRFEL, M OB HEE % T A~ %
TAHREED o TVBEY9,

—F, BHBOFA~OHIZ X &5 ATP
binding cassette (ABC) FJ ¥ ZAH— 7 —H5
LTwa, ABC FT ¥ AR—% —i, MK
ATP OIKRGRIC L Y E LD T 3 V¥ — % ERil)
HELT, VAV FOREMEBREET) b5 A
K= —TdH %o BHBROIFI~DOHEHEBS-+
5FE%R ABC M5 Y AR— % — %, bile salt
export pump (BSEP), multidrug resistance asso-
ciated protein 2 (MRP2), 7 & UM multidrug
resistance associated protein 3 (MRP3) 231561
TWwa, Hi 2 F TR OB MEL L GiBg
) CREL, FFHUEPA S IRE B % P
THIENHLMITEN TS, BESP itk bk
BB A ERBHRCHL I Sy BLUY
) rRARRHE (1 MHETE) odkEiE
ThY, BErBRIECREDBECHES T b v
AR—F—LEZLNLTWS, MRP2 37 &
YBLUS YY) CRARBHERE LR LY, T
BRI (2 MR ER) PS> & &
BT, TAMTTVF—N, YL REDT )L

O VRS EDAL B, SEEELEYD S

V70 Y BAE R OHRIC b WY 557,

2512, MRP3 TS & U/MEIC 5B L
THB Y IFHIZIC BTk BSEP, MRP2 & 5%
DIEME QLM (CRBIEL, IR S s s
WADOPEHIC ST 5 E# 2 5TH ), BSEP
DEHEIEATH S | MRHEEO L% 5 $ 2 MR
TROWEDHREL AT S LAWLMISHh
TWodo T, SNy RIS Ss
Bruvbha?,

FFHIREPHC LD 3& F N2z B BRI MR B 04 &
qE (Y, YBLUZER) L&EAL, IVV%E
i BHEE F A 2 % S h s, &
NOHREREDOL2TY, Y HEEA 3a -hydrox-
ysteroid dehydrogenase 1 & ©F dihydrodiol dehy-
drogenase {HtE %4 L, FFRIIAM OB BE#H% <
RIEELMEZTHEERZ SR TWVARE,

YL E Y ORFMIE~OR Y jA&iE OATPL A%
1o WMD) RAEhCY VE Y iREC
glutathione S-transferase # 42 Y BH L &4
L, 2w T bilirubin-UDP-glucronyltransferase
LDV ra v ERiaEME S ) MRP2 24+ L
THEHRICTwBEN S,

L] BA®EECEUNES 5o RF—
S—REE

BRIV AL, B N 5 Y AR — 5 — 0z
R9# B4, BSEP OBEFRFICL o THEL D
ITHERBEEIF IR ) - 8 2 BB X OREER
BIYERFANET 5 - HE 2 B (PFIC2 : progressive
familial intrahepatic cholestasis type 2, BRIC2 :
benign recurrent intrahepatic cholestasis type 2)
EEYNEY FT Y RAR—F—DRETHH S
MRP2 Dt {nF5% 2 X % Dubin-Johnson fEf&
HThd, Shb 3HBOTLEHERITRTO,

REN R BEMHEBIC PFIC L & 3, BLO
BRIC1 2%iff ShTw 325, PFIC1 & BRIC1 ®
WAEMIZTF T 5 famirial intrahepatic cholesta-
sis 1 (FIC1) OBfgd+5cMBi S h T b,
MR 2 HER S 5 IR E RGOS 2 S I~ 7
/) YHg# (phosphatidylserine) %34 5 b
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BSEP | ABCB11| 2q24

BSEP | ABCBI11| 2424

. MRP2 | ABCC2 | 10q24
A »g &";"

&£ BAM-EVIES I AR-2-ETDRFIC

E-oTRIHHKRSE

BT CHEEAOERES L
CREHRT 1 5 A & MRIES

WERFICIZEHD B E*D
¥, ERONFENS, 88/E
BICREE S L CRBEEOR

EENSEYNLECMESS
T35, Bt #lEAash
AN

*HERMICEIEA S >BEETEIILHY,

SV AK—F—EHENERTWA, F72, PFIC3
O AL =T multidrug resistance protein 3
‘ (MDR3) &Y “I§# (F & L T phosphatidylcho-
' line) #HkilE$ 5 ABC + 5 ¥ AKR— 5 — TN
HOEENEL GIIREN) RET . L
| #%5C, FICL & MDR3 ($IBHEE b > 24—
L — BV RR,

[ rEit 5 - Aws ORE BERTAIRIPRRE

b
i

k
B o BRI EERB X 2T AORBAL £
TE—THbo
OB BT AR S R RO KR 2 )
Yy HBVES T SREEET, BRI
FoMOIBHE (8 CERShD, OB
B THAMEARK L& BB R MU~
DEBUAET T2 2 L2, BIFHEEZE M
79 7= FlEB L O/NEDYFED b T AR—
y—DEME BT 5 LEND B, AL ET
¥ —T& 5 farnesoid X receptor (FXR) (ZfBIER
DIFBEA S IR ~OPEIE, BETORINS & OIF
BECOFIY AR D L ~OL G FER 2 5 LT
w52,

Fhbb, D o MECIE, BREO A
(FFmiar) JRiFENE, FXR %4 L CEHEkl
LAV (HIESSHD Tk, BSEP & MDR3 @ 2 fifi
O ABC b7 v AK—y—#HML, BEiiEe
U VIR e R B L 2 At 5 A A IR X
B, ¥7:, FXRIZMRP2 #3F¥8 L/ Vs 54~

ZDEEIEy-GTP, IETERIISIE,

(RSN - BN 2007 & b —#GEEm)

Ry vy oy EB LIRS ORI
REXED, EHIZ, MRP3 O b7 ¥ AF—
& — AR o A 1 5630 LB ik % sl le
oMM~ ESED, —F, BIEKRETIE
FXR (ZNEA BRI & 0615 % 0

Fr, WHRTOBRTBROBRIUCHE T2
NTCP ® OATP ORHEZ ML S EL I &h b,

R TOBEFBEERUIAH EShEZEEZLN
Bo &oT, FFHIKLA IR BRI T T S ¢
HTHEE T B HFRENET 5,0

Z0ED, FXREZY oy i
M4 % bile acid-CoA synthetase (BACS) % bile
acid-CoA ! amino acid N-acetyltransferase
(BAT), MBHHEEOBKH: & HIAk S ikl = e
4 5% UDP-glucronosyltransferase (UGT2B4) & &
U* salfotransferase - (SULT2A1) & v o o #{xF
(@) BEFUTZPY, S50, HitEEs
BORABHETHL IV AT T— ) Ta-KEEAL
BE# (CYPTAL) O{fTE %W LIEHBROERK Z
T %,

SWITAEFLA-NBEY T FVE
SUIZPNT

N o I L 3T 00 A B TR AT e 5 B 1
HEAME) < 2%, EBEIhOATIIENL ) otib L T
TrAaREE (FFERERGE) eEshavy, L
Ao, BHlON /Y Ebeih v, £IT,
L) o MO L TR SN TS
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RIFA

YyrzprrELr (RIFA) vy rtx a8 (UDCA) O{ERER
(Marschall %', 2008)

=2

7z rifampicin (RIFA) ik & HBICHER SIS
ursodeoxycholic acid (UDCA) #HED A A =X A
oW THlERE (R 2)1519,

RIFA (&, bilirubin-UDP-glucronyltransferase
(UGT1AD) ###¥ 5L & bic MRP2 DEH D
BT B, FRICEDEY LY RSV O VR
fag#l L % h MRP2 Z4r L CIEHBAOFH %

B4, & 512 CYP3A4 & itk LBUKIENRH B -

(CDCA # LCA 2 &) @ C6 @ afLizkEE&2ft
KRR EEANZE X, MRP3 X b iR s~
H%ET 5o IO 6a KER{LIBHERIZ VoY
HBiakTh b,

UDCA &, #AKMBHEECTH D BUKHERTTEE
LBT S ETHIlRBEEEMO AW ENH S
& L $1Z, BSEP, MDR3 3 & UF MRP4 O &HH
BT S, MRPA X EARHELIBHINATS
LFARBTRIEHL TRV, ABC 5V 2
R— % —T MRP3 L RO &2H 5 & 5 72
Zhick Y, NMBHEE BSEP 24 LT, U Vg
B & MDR3 %4 L CTIRIicHRt s h I vz
R LBHomt 2, 518, MRP4 &4t
LCHEHEE, A7 =4 ¥ Omiih~ 0% x
T '

3%, BSEP B LU MRP2 »ZEHFEB LU
B2 LU AR E LT7 2=V TF L— bHYE
CHERhTWwA,

B sbuic

Plbo &5, Mo i P ok il A

UDCA

AICHL»I Y, MEEOMEHIRLEREED
HOPICho TE. GBSO, BHEENT ¥
AR—F —ELFELEDOMENHLMIREZ DL
Bbhs,

Key Points
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Successful Heterozygous Living Donor Liver
Transplantation for an Oxysterol 7a-Hydroxylase
Deficiency in a Japanese Patient

Tatsuki Mizuochi,' Akihiko Kimura,' Mitsuyoshi Suzuki,? Isao Ueki,' Hajime Takei,® Hiroshi Nittono,’
Toshihiko Kakiuchi,” Takanobu Shigeta,’ Seisuke Sakamoto, Akinari Fukuda,* Atsuko Nakazawa,®
Toshiaki Shimizu,” Takao Kurosawa,® and Mureo Kasahara®

' Department of Pediatrics and Child Health, Kurume University School of Medicine, Kurume-Shi, Fukuoka,
Japan; ?Department of Pediatrics, Juntendo University School of Medicine, Bunkyo-Ku, Tokyo, Japan;
*Institute of Bile Acids, Junshin Clinic, Meguro-Ku, Tokyo, Japan, Departments of “Transplant Surgery and
SClinical Pathology, National Center for Child Health and Development, Setagaya-Ku, Tokyo,

Japan and °Faculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,
Ishikari-Tobetsu, Hokkaido, Japan

Only 2 patients with an oxysterol 7a-hydroxylase deficiency caused by mutations of the cytochrome P450 7B1 (CYP7B1)
gene have been reported; for both, the outcome was fatal. We describe the clinical and laboratory features, the hepatic and
renal histological findings, and the results of bile acid and CYP7B1 gene analyses for a third patient. This Japanese infant
presented with progressive cholestatic liver disease and underwent successful heterozygous living donor liver transplanta-
tion. Sources of relevant data included medical records, hepatic and renal histopathological findings, gas chromatography/
mass spectrometry analyses of bile acids in serum and urine samples, and analyses of the CYP7B1 gene in the DNA of
peripheral blood lymphocytes. Large excesses of 3B-hydroxy-5-cholen-24-oic acid were detected in the patient's serum and
urine. Girrhosis and polycystic changes in the kidneys were documented. The demonstration of compound heterozygous
mutations (R112X/R417C) of the CYP7B1 gene led to the diagnosis of an oxysterol 7o-hydroxylase deficiency. After liver
transplantation with an allograft from a heterozygous living donor (the patient's mother), the features of decompensated
hepatocellular failure abated, and the renal abnormalities were resolved. In conclusion, we report the first Japanese
patient with an oxysterol 7o-hydroxylase deficiency associated with compound heterozygous mutations of the CYP7B1
gene; in this patient, liver transplantation with an allograft from a parental donor was effective. Liver Transpl 17:
1059-1065, 2011. @ 2011 AASLD.
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Nine inborn errors of bile acid synthesis are catego-
rized as inherited metabolic liver diseases.! One of
these inborn errors of bile acid synthesis, an oxysterol
7o-hydroxylase deficiency, was first described by
Setchell et al.? and is due to autosomal recessive in-
heritance. The gene encoding oxysterol 7o-hydroxy-
lase, cytochrome P450 7Bl (CYP7BI), is located on
chromosome 8g21.3. This rare inborn error of bile
acid synthesis responds poorly to bile acid therapy

because the progression to cirrhosis is rapid and
occurs at an early age. So far, only 2 patients with an
oxysterol 7a-hydroxylase deficiency and an associated
mutation of the CYP7B1 gene have been reported;
both died in infancy either before or after liver trans-
plantation (LT).%®

We report the first successful use of LT in the man-
agement of an oxysterol 7o-hydroxylase deficiency
associated with a mutation of the CYP7BI gene; we

DOl 10.1002/1t.22331
View this article online at wileyonlinelibrary.com.

Abbreviations: CA, cholic acid; CDCA, chenodeoxycholic acid; CYP7A1, cytochrome P450 7A1; CYP7BI, cytochrome P450 7B1;
FXR, farnesoid X receptor; LDLT, living donor liver transplantation; LT, liver transplantation; ND, not detected; PCR, polymerase
chain reaction; TBA, total bile acid; UDCA, ursodeoxycholic acid.
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