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Abstract

Background: Infantile liver failure syndrome-2 (ILFS2) is caused by neuroblastoma amplified sequence (NBAS)
mutation. The disease is characterized by recurrent episodes of acute liver failure (ALF) or by liver crisis triggered by
recurrent episodes of fever and complete recovery.

Case presentation: Here, we describe the case of a Chinese girl with typical clinical manifestation of ILFS2 without
exhibition of extrahepatic involvement. The patient harbored novel compound heterozygous mutations in the
NBAS region (c.3386C > T (p.Ser1129Phe), c.1A > C (p.Met1lLeu) and c.875G > A (p.Gly292Glu)), mutations which have
not been previously reported. After administration of antipyretics and intravenous glucose and electrolyte
administration, the patient recovered fully.

Conclusion: Through the present study, we recommend that ILFS2 should be taken into consideration during the
differential diagnosis of children with recurrent, fever-triggered ALF. While the definitive diagnosis of ILFS2 remains
dependent on genetic sequencing and discovery of NBAS, early antipyretic treatment is recommended to prevent

liver crisis.
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Background

Acute liver failure (ALF) is a rare condition in children,
however, it is associated with a higher risk of mortality.
Although the etiology of ALF in about 50% of cases re-
mains unexplained [1], hereditary metabolic disorders
comprise of a large number of ALF in pediatric popula-
tions [2, 3]. Recently, biallelic mutations in the neuro-
blastoma amplified sequence (NBAS) were reported as a
novel cause of infantile liver failure syndrome-2 (ILFS2).
ILFS2 is an autosomal recessive genetic disease charac-
terized by recurrent episodes of ALF or liver crisis trig-
gered by fever. Previously, the mutations within the
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NBAS were reported to be the cause of short stature,
optic atrophy and Pelger-Huét anomaly of granulocytes
(SOPH) syndrome in an isolated Russian yakut popula-
tion [4]. Increasing research has reported that the
phenotype spectrum of NBAS mutations ranges from
isolated ILFS2 to a multi-systemic disease including
short stature, skeletal dysplasia and optic atrophy [5-8].
Early administration of antipyretic and support therapy
can effectively ameliorate the course of ILFS2 due to
NBAS mutations, improving the prognosis [8, 9]. Thus,
it is important to confirm the diagnosis of ILFS2 at the
earliest stage possible. Here, we report a case of isolated
ILFS2 caused by novel NBAS mutation in a Chinese girl
aged 3vyears and 8 months. This report also reviews
NBAS-related cases in the medical literature.
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Case presentation

A 3year and 8 month old Chinese girl born at term to
healthy, non-consanguineous parents by normal vaginal de-
livery had no family history of liver disease. At the age of 2
years and 11 months, the patient presented recurrent fever
with cough, vomiting, decreased activity, and lethargy agi-
tated for 3 weeks upon admission to our hospital. She had
severe jaundice without hepatomegaly, however the rest of
the physical examinations (growth and development, skel-
etal system, nervous system and motor ability, integument
and facial profile) were normal. Laboratory evaluations indi-
cated extreme damage to liver functions and severe coagu-
lopathy (Table 1). Serum creatinine (Cre) and blood urea
nitrogen (BUN) were normal. Creatine kinase (CK) and
cardiac troponin I (cTnl) were mildly elevated at 149 U/L
(normal range: 30-135) and 0.055pg/L (normal range: 0—
0.034) respectively, suggesting myocardial injury. The white
blood cell (WBC) count was significantly increased
(158*10°/L, normal range:3.6-13) and neutrophils
accounted for 81% (12.77¢10%/L, normal range:0.72—4.80).
C-reactive protein (CRP) was also elevated (39 mg/L, nor-
mal range:0-8). The patient was diagnosed with ALF and
managed with antipyretics, plasmapheresis, hepatoprotec-
tives (e.g., Polyene Phosphatidyl Choline and Ademetionine
Butanedisulfonate) and intravenous infusion of glucose and
potassium chloride. Following treatment, the liver function
of the patient was restored completely.
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Eight months later, at the age of 3 years and 7 months,
the patient was readmitted during a second episode of
liver crisis following an upper respiratory tract infection
with fever (up to 39°C) and cough. Physical examina-
tions revealed mild jaundice with an enlarged liver (palp-
able 2.5cm below the costal margin). Laboratory data
indicated a recurrence of significant damage of liver
function and severe coagulopathy (Table 1). The value
of CK, ¢Tnl, Cre and BUN were normal during this epi-
sode and the trends of WBC and CRP were similar to
those of the first episode. Again, after treatment includ-
ing antipyretics, antibiotics, hepatoprotectives and intra-
venous glucose and potassium chloride, the patient fully
recovered.

At the age of 3years and 8 months, the patient was
once again re-admitted with ALF after a 12 h persistence
of fever (maximum temperature: 39.3 °C) and vomiting.
Physical examination revealed hepatomegaly (palpable
1.5 cm below the costal margin), a few bleeding spots in
her chest, and herpes in her right soft palate along with
an ulcer (3*3mm) in the right isthmus of fauces. No
jaundice was observed. The clinical features and eleva-
tion of liver enzymes with coagulopathy were similar to
previous episodes (Table 1). Coxsackievirus A16 nucleic
acid detection was positive. Other laboratory results pre-
sented similar changes to those observed during the sec-
ond episode. Complete recovery of the patient was

Table 1 Clinical features and laboratory results of the presented patient

Clinic features & Result

laboratory results Age of 2 year and 11 months

Age of 3 year and 7 months

Age of 3 years and 8 months

Symptom Recurrent fever

Body sign Severe Jaundice

Max temperature (°C) >38.5
ALT(U/L) (Normal range:9-52) 9787
AST (U/L) (Normal range:14-36) 12,489
TBIL (umol/L) (Normal range:3-22) 443
DBIL (umol/L) (Normal range:0-5) 24.10
IBIL (umol/L) (Normal range:0-19) 20.20
Albumin (g/L) (Normal range:35-50)  41.9

y-GT (U/L) (Normal range:12-43) 26

LDH (U/L) (Normal range:313-618) 21,786
PT (s) (Normal range:8.7-14.7) 63.9
INR (Normal range:0.8-1.5) 550
APTT (s) (Normal range:17.5-37.5) 450

FIB (mg/dL) (Normal range:200-400) 221
TT (s) (Normal range:14-21) 243

Recurrent fever with cough

Mild Jaundice, Hepatomegaly

Fever with vomit

Hepatomegaly, A few bleeding spots in
her chest, Herpes in right soft palate, An
ulcer (3*3mm) in right isthmus of fauces

390 393
6378 4096
9924 4857
224 284
7.30 169
15.10 11.50
441 368
48 42
22,854 6492
156 259
148 247
25.1 255
327 310
202 19.1

NA Not available, ALT Alanine transaminase, AST Aspartate aminotransferase, TBIL Total bilirubin, DBIL Direct Bilirubin, IBIL Indirect Bilirubin, y-GT y-glutamyl
transpeptidase, LDH Lactate dehydrogenase, PT Prothrombin time, INR International normalized ratio, APTT Activated partial thromboplastin time, FIB Fibrinogen,

TT Thrombin time
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achieved with a similar treatment plan to the previous
admission.

During the three admissions, metabolic evaluations in-
dicated hyperammonemia (40.0 umol/L; Normal range:
9-30) and hypoglycemia (3.77 mmol/L; Normal range:
4.1-5.9). Lactate, ceruloplasmin, alpha-fetoprotein and
pyruvate values were all normal. However, there was a
remarkable elevation of -hydroxybutyrate (1.81 mmol/
L; Normal range:0-0.27). Serum amino acid test pre-
sented elevations of pipecolic acid (551.318 uM; normal
range: 100-438) and the ratio of leucine to alanine
(1.359; normal range:0.06—1.00). The values of acyl car-
nitines were normal in the plasma. Metabolic bio-
markers in the urine showed that the value of ketone
bodies, methionine, adenine and adenosine were all in-
creased. The immunological indicators including com-
plement C3 and C4 levels, serum immunoglobulin levels
and the count of T lymphocyte, B lymphocyte, natural
killer cells, and helper T cells were all unremarkable.
Further, a panel of serology tests for infectious agents in-
cluding HIV virus, treponema pallidum, hepatitis B
virus, hepatitis C virus, Epstein-Barr virus, toxoplasma,
rubella virus and herpes simplex virus were all negative.
No Pelger—Huét anomaly of granulocytes was found in
either of multiple blood smears. A percutaneous liver bi-
opsy was undertaken at the third admission. This
showed nonspecific, mild acute hepatitis with hydropic
degeneration of hepatic cells and small foci of lobular
necrosis. There were a small number of lymphocytes,
monocytes and plasma cells infiltrating in the portal
area. Foot and Masson stain showed fibroplasia and the
enlargement of some portal areas. Berlin blue, rhoda-
nine, rubeanic acid, Periodic Acid-Schiff and diastase
peniodic acid-Sehiff stain were normal. In order to iden-
tify the cause for recurrent ALF, whole exome sequen-
cing was performed in the patient and her parents.
Three rare heterozygous mutations in the NBAS gene
were detected: ¢.3386C >T (p.Serl129Phe), c.I1A >C
(p-MetlLeu) and ¢.875G > A (p.Gly292Glu), the latter of
which have not been previously reported. Parental geno-
typing showed that the ¢.3386C > T (p.Ser1129Phe) and
¢.875G > A (p.Gly292Glu) mutation occurred in a het-
erozygous state in the mother and the cIA>C
(p.MetlLeu) mutation in a heterozygous state in the
father, presenting compound heterozygosity of the
NBAS variants in the girl. According to the guidelines of
The American College of Medical Genetics Genomics
and the Association for Molecular Pathology (ACMG),
the pathogenicity of the c.1IA > C (p.MetlLeu) mutation
was greater than 90%. The pathogenicity of the other
two mutations, however, was uncertain. Prediction of
protein biological function was carried out with software
including SIFT, MutationTaster and GERP++, which in-
dicated that two of the mutations (¢.3386C>T
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(p-Ser1129Phe) and c.1A > C (p.MetlLeu)) were patho-
genic while the ¢.875G > A (p.Gly292Glu) mutation was
nonpathogenic. Specifically, for the mutation of ¢.3386C >
T (p.Ser1129Phe), the score and prediction of SIFT,
MutationTaster and GERP++ were (0.001, damaging), (1,
disease causing) and (5.74, conserved) respectively. Re-
garding the mutation of c.1A > C (p.MetlLeu), the score
and prediction of SIFT, MutationTaster and GERP++
were (0, damaging), (1,disease causeing) and (5.2, con-
served) respectively. For the mutation of c.875G>A
(p-Gly292Glu), these values were (1, tolerated), (1, poly-
morphism) and (- 3.5, nonconseved) respectively.

Discussion and conclusions

ILFS2 is a rare condition characterized by episodic liver
failure or crisis triggered by recurrent fever. Liver func-
tion can be fully recovered after conservative treatment.
It was first reported by Haack et al. that ILFS2 is caused by
biallelic mutations in the NBAS gene [10]. NBAS mutations
have also been identified in SOPH syndrome patients with-
out liver failure [4]. An increasing number of studies have
indicated that diseases based on NBAS mutations have a
broad phenotypic spectrum, ranging from isolated recur-
rent ILFS2 to a multi-systemic disease manifesting as short
stature, skeletal dysplasia, dysmorphism and optic atrophy
with or without liver failure [4-9, 11-18].

A literature search found 56 reported cases of NBAS-
associated disease (Table 2). The median onset age of
these patients was 0.8 years (interquartile range:0.1-6.7
years) however only 47 patients were considered due to
missing data of onset age. The ratio of female to male
patients was 17 to 13, however, only 30 patients were
analyzed due to incomplete data of sex. The clinical
manifestations of the hereditary disease were character-
ized by two aspects including intrahepatic and extrahe-
patic symptoms. On the one hand, the phenotype of
liver illness is usually triggered by febrile illness and
manifested as recurrent ALF or liver crisis, where
complete recovery is typical during the interval of epi-
sodes. It usually begins with rapid increased value of ala-
nine transaminase and aspartate transaminase, indicating
functional liver damage. Mild to severe coagulopathy,
jaundice and hepatomegaly are manifested in most cases.
Secondary metabolism disorders, such as elevation of
lactate and serum ketone bodies, hypoglycemia, and
hyperammonemia are sometimes observed in these pa-
tients [7, 9]. Moreover, some patients present hepatic
encephalopathy or death due to untimely treatment. On
the other hand, the main extrahepatic manifestation of
NBAS mutations are short stature, skeletal dysplasia,
optic atrophy, Pelger-Huét anomaly of granulocytes or
immunological abnormalities [7, 13, 17]. Previous re-
searchers have reported that among the 56 reported pa-
tients with NBAS-associated disease, 43 patients (76.8%)
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presented ILFS2 with multi-systemic manifestations,
where short stature was the most common extrahepatic
manifestations (34/43, 79.1%). Only 13 cases (23.2%)
presented isolated ILFS2 (Table 2). The present case re-
ported a 3years and 8 months old girl with ILFS2 who
experienced the first episode at 2 years and 11 months of
age and it presented herein details isolated ILFS2 with
coagulopathy, jaundice and hepatomegaly, where no ex-
trahepatic abnormalities were observed. We speculated
that the clinical manifestations may be associated with
the different gene mutation profile of this patient.

Although the clinical manifestation of ILFS2 in this
case report was typical, the definitive diagnosis of this
disease depended on whole exome sequencing as it was
important to rule out ALF caused by drugs, infection or
simultaneous autoimmune abnormality. Many mutation
sites in the NBAS gene have been reported [5, 7, 8].
Through NBAS sequencing, it was determined that three
heterozygous mutations occurred in the patient under
discussion. Specifically, (c.3386C >T (p.Serl1129Phe),
¢.1A > C (p.MetlLeu) and ¢.875G > A (p.Gly292Glu)). Re-
garding the ¢.3386C > T (p.Serl129Phe) mutation, Stauf-
ner et al. have reported that two patients who harbored
this mutation similarly presented ALF without other ex-
trahepatic manifestations [17]. The onset age of those
two patients were 2.3 and 1.8 years respectively, close to
the age of onset for our patient (2.9 years). Staufner et al.
indicated that the ¢.3386C > T (p.Serl129Phe) mutation
affected the region coding for the Sec39 domain of the
NBAS gene, which is necessary for tethering at the
endoplasmic reticulum (ER) in the syntaxin18 [17]. The
¢.1A > C (p.MetlLeu) mutation is a likely pathogenic
mutation (90% pathogenicity) according to the guide-
lines of the ACMG. Further, the software for the predic-
tion of protein biological function have also indicated
that this mutation is likely pathogenic. Thus, we specu-
lated that the mutations including ¢3386C>T
(p.Ser1129Phe) and c.1A > C (p.MetlLeu) are associated
with the IFS2 while the ¢.875G > A (p.Gly292Glu) muta-
tion was likely nonpathogenic.

To date, the molecular pathogenesis of ALF in NBAS
deficiency has remained unclear. The biological role of
NBAS is two-fold. As a subunit of the syntaxin 18 com-
plex which is thermally susceptible, it is associated with
Golgi-to-ER retrograde transport [19]. On the other
hand, NBAS plays an important role in nonsense-
mediated mRNA decay control [20]. The dysfunction of
the syntaxin 18 complex caused by NBAS deficiency
may alter Golgi-to-ER retrograde vesicular trafficking,
which in turn may lead to liver dysfunction and eventu-
ally, failure [8, 10].

Complete recovery of liver function in patients with
IFLS2 can be achieved through comprehensive treatment.
Therapeutic experience shows that early antipyretic therapy
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and treatment of the primary diseases that trigger fever is
effective and able to prevent life-threatening ALF. Addition-
ally, support treatments including intravenous infusion of
lipid and glucose to maintain the internal environment
stable and energy replete expedite recovery [8, 11]. Gener-
ally, liver transplantation is not considered unless intensive
conservative treatment is ineffective. The patient in our
study received antipyretics in addition to other conservative
strategies including plasmapheresis (only in first episode),
hepatoprotectives and intravenous glucose and electrolyte
infusion. These treatments led to a remarkable recovery.

The present case detailed the course of a Chinese girl
with ILFS2 presenting typical clinical characteristics of
the disease-without the involvement of extrahepatic sys-
tems. The patient was found to harbor novel compound
heterozygous mutations in the NBAS (c.3386C>T
(p.Ser1129Phe), c.1A >C (p.MetliLeu) and c.875G >A
(p-Gly292Glu)), two mutations of which have not been
previously reported. Here we suggest that ILFS2 should
be considered as a part of the differential diagnoses of
children presenting with recurrent ALF triggered by
fever. However, the definitive diagnoses of ILFS2 con-
tinues to depend on sequencing results of NBAS as well
as the elimination of other potential causes of ALF in-
cluding drug reactions, infections and autoimmune
hepatitis. Early and effective antipyretic and support
treatments such as intravenous lipid and glucose infu-
sion are also recommended as these can prevent further
liver crisis and lead to faster recovery.
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