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Abstract

Arthrogryposis, renal dysfunction and cholestasis (ARC)
syndrome is a rare genetic disorder and has not been
described in China. We present a female infant with
neonatal intrahepatic cholestasis from a Chinese family
with ARC syndrome. All 23 coding exons and flanking
introns of the VPS33B8 gene were amplified and se-
quenced using peripheral lymphocyte genomic DNA of
the patient and her parents. Genetic testing revealed
two novel mutations (c.1033delA and c.1567C>T) in
the I/PS33B gene. The patient is a compound hetero-
zygote and her parents were heterozygous for each of
the mutations.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: In our study, we present a female infant with
neonatal intrahepatic cholestasis from a Chinese fam-
ily, who was eventually diagnosed with arthrogryposis,
renal dysfunction and cholestasis (ARC) syndrome by
genetic analysis. She will be the first patient with ARC
syndrome reported in China. Genetic testing revealed
two novel mutations (c.1033delA, p.I345LfsX8 and
€.1567C>T, p.R523X) in /PS33B, which is the causative
gene. The patient is a compound heterozygote and her
parents were heterozygous for each mutation. Our pa-
per will expand the worldwide distribution of ARC syn-
drome and the mutation spectrum of VPS335.

Li LT, Zhao J, Chen R, Wang JS. Two novel VPS33B muta-
tions in a patient with arthrogryposis, renal dysfunction and
cholestasis syndrome in mainland China. World J Gastroen-
terol 2014; 20(1): 326-329 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i1/326.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.11.326

INTRODUCTION

Arthrogryposis, renal dysfunction and cholestasis (ARC)
syndrome (OMIM 208085) is a rare autosomal recessive
multisystem disorder usually caused by germline muta-
tions in the "PS33B gene“’zl, Here we describe a Han
ethnic patient from an unconsanguineous family with
ARC syndrome, who presented with all three main symp-
toms (arthrogryposis, renal dysfunction and cholestasis)
and ichthyosis at birth. She has two novel mutations in
the I'PS33B gene.

CASE REPORT

The female infant was born at the gestational age of 37
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Table 1 Results of liver function tests

Age (d) TBIL (umol/L) DBIL (umol/L) ALT (IU/L) AST (IU/L) ALP (IU/L) GGT (IU/L) TBA (umol/L) TP(g/L) ALB (g/L)
Reference values 51-17.1 0-6 0-40 0-40 42-383 7-50 0-10 60-83 35-55
26 154.6 128.5 34.0 44.0 NA NA NA NA NA

27 189.7 139.6 38.0 71.0 1088 NA NA NA NA

33 183.1 146.4 49.0 51.0 940 33 115.0 50.6 33.1

41 162.4 135.5 34.0 50.0 1162 28 1391 50.7 33.1

TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphates; GGT: Gamma-
glutamyl-transpeptidase; TBA: Total bile acid; TP: Total protein; ALB: Albumin; NA: Not available.

Table 2 Results of complete blood count and urinalysis

Age (d) WBC (x 10°/L)  RBC (x 10'%/L) PLT (x 10°/L)  HGB (g/L) Urine pH Urine protein Urine glucose
Reference value 4-10 3.5-5.5 100-300 110-160 6.0-8.0 - -
29 225 3.03 508 98.0 6.0 + +
34 23.0 291 688 96.0 7.0 ++ +
41 19.2 2.28 662 75.2 5.0 + +

WBC: White blood cells; RBC: Red blood cells; PLT: Platelets; HGB: Hemoglobin.

wk and 6 d by cesarean section because of breech pre-
sentation. Her birth weight was 2.46 kg and the parents
were not consanguine. Physical examination showed mild
ichthyosis (her skin was dry and scaly), low-set ear on
the left side, and arthrogryposis in the form of bilateral
dislocation of the hips, flexion contracture of the knee
joints and rocker-bottom feet. Neonatal hearing screen-
ing revealed right-sided deafness. She developed jaundice
at 3 d of age. At 27 d of age, she was transferred to the
neonatal intensive care unit of our hospital for persistent
hyperbilirubinemia, pneumonia and congenital deformi-
ties. Liver function tests showed markedly elevated total
bilirubin, direct bilirubin and alkaline phosphatase and
mild elevation of alanine aminotransferase and aspartate
aminotransferase, but gamma glutamyl aminotransferase
(yGT) was always normal (Table 1). Her white blood
cell count was elevated remarkably, and urine protein
and glucose were positive (Table 2). Serum creatinine
and coagulation function were neatly normal, and blood
gas analysis and thyroid function were normal. Screen-
ing for toxoplasma, rubella, cytomegalovirus, and herpes
simplex was negative. Mass spectrometry analysis of
serum amino acids and carnitine showed elevation of
C5DC, C10:1 and C10 levels, while gas chromatography-
mass spectrometry analysis of urinary organic acid levels
revealed highly elevated 4-hydroxyphenylacetic acid and
mild elevation of several other organic acids. An echo-
cardiogram showed patent foramen ovale. Abdominal
ultrasound showed moderate bilateral renal hyperecho-
genity and minimal hepatomegaly. A radionuclide scan of
the hepato-biliary system revealed normal uptake of the
tracer but no excretion into the bowel after 24 h. There
was no abnormality on magnetic resonance imaging of
the brain.

She was treated with antibiotics, fat-soluble vitamins,
including vitamin K and D, and a milk formula enriched
with medium-chain triglycerides. The fever alleviated, but

(49

Boiohidengs  WJG | www.wijgnet.com 327

she failed to gain weight, weighing approximately 2.22 kg
at the age of 1 mo, and died of liver failure at 6 mo of
age. The diagnosis of ARC syndrome was made accord-
ing to her main features, including arthrogryposis, renal
dysfunction and cholestasis with low yGT.

With the approval of the ethics committee of the
Children’s Hospital of Fudan University and after obtain-
ing written informed consent from the parents, periph-
eral blood samples were obtained from the patient and
her parents. Genomic DNA was extracted in a routine
fashion. All 23 coding exons and flanking introns of the
I’PS33B gene were amplified and sequenced (primer
sequences are available on request). A 25 pl. reaction
mixture used in this study contained 1.0 pul. of genomic
DNA, 2.5 uL. of 10 X Ex Taq buffer, 2.0 uL. of 2.5
mmol/L dNTP, 0.25 uL of 5u Ex Taq, 1.0 pL of each
forward primer and reverse primer (diluted to 10 umol/
L), and 17.25 puL. of ddH20. Polymerase chain reaction
(PCR) were performed under the following conditions:
pre-denaturation at 95 ‘C for 5 min, followed by 35 ther-
mal cycles, each composed of denaturation at 95 °C for
30 s, annealing at 58 'C for 30 s, and extension at 72 'C
for 40 s. The purified PCR products were sequenced
directly on an ABI 3500 Genetic Analyzer and then ana-
lyzed using BioEdit software (North Carolina State Uni-
versity, Raleigh, United States). All of the sequences were
blasted against GenBank to find the variations, and single
nucleotide polymorphisms were excluded by using db-
SNP and 1000 genomes database (website). NM_018668
was used as the ["PS33B reference sequence.

The patient was a compound heterozygote for
c.1033delA and c.1567C>T. The deletion of one ad-
enosine (A) between nucleotides 1032 and 1034 in exon
14 (Figure 1) modified the first nucleotide of codon
345, which codes for an isoleucine. The deletion of an
A at this position did not only change the amino acid at
codon 345, but a frame-shifting mutation was expected
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Figure 1 Pedigree of the patient shown with genomic DNA sequences in exons 14 and 20 of the VPS33B gene in the patient and her parents. The arrow in
exon 14 identifies ¢.1033delA in the patient and her mother. The arrow in exon 20 identifies ¢.1567C>T in the patient and her father.

to result in the substitution of 6 abnormal amino acid
residues (Gly346-Ser351), followed by a stop codon.
This mutation was found heterozygous in the mother.
The mutation ¢.1567C>T introduced a stop codon at
codon 523 in exon 20 (Figure 1), resulting in an aberrant
protein. ¢.1567C>T mutation was found heterozygous
in the father. The two mutations had not been reported
previously.

DISCUSSION

We report the first patient with ARC syndrome in Chi-
na, and the patient carried two novel mutations in the
IVPS33B gene, which are the causative variations.

ARC syndrome is a rare, fatal cause of neonatal

intrahepatic cholestasis without any known treatment.
Gissen e al! mapped the disease to 15q26.1 and identi-
fied germline mutations in the VPS33B gene in 14 kin-
dreds with ARC syndrome. I"IPAR is another causative
gene of ARC syndrome". ARC syndrome presents with
variable phenotypes in which the 3 main features are ac-
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companied by many other systemic symptoms, including
recurrent febrile illnesses, ichthyosis, abnormal platelets,
bleeding tendency, and anomalies of the central nervous
system™ ", Our patient presented with the 3 cardinal
features plus ichthyosis, recurrent infection and failure to
thrive. She died at the age of 6 mo.

The analysis of ["P§33B indicated that our patient
was a compound heterozygote. Her mother was hetero-
zygous for a deletion mutation (c.1033delA, p.1345LfsX8)
and her father was heterozygous for a nonsense mutation
(c.1567C>T, p.R523X). The deletion mutation in exon
14 may alter the protein structure of VPS33B due to a
reading frame shift with the formation of a stop codon
in position 352. The resulting protein may be abnormal
because it has 6 altered amino acids in addition to the
premature termination of translation at codon 352. The
nonsense mutation introduced a stop codon at codon
523 in exon 20, resulting in an aberrant protein. Over 30
different ["PS33B mutations have been reported in ARC
patients™ but ¢.1033delA and ¢.1567C>T mutations
were both novel.
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In summary, we report a Chinese patient with ARC
syndrome carrying two novel "P§33B mutations. Be-
cause there is no treatment for this syndrome, early
recognition and genetic diagnosis are essential for the
counseling of affected families and providing them with
options, such as prenatal diagnosis in future pregnancies.
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