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Cystic fibrosis (CF) is a relatively rare disease in Asians with various clinical characteristics,
including CF-associated liver disease (CFLD), which is a common early non-pulmonary
complication. This case report describes a Chinese CF patient harboring a homozygous
nonsense mutation (c.1657C>T, p.R553X) who was failure to thrive and had
intermittently diarrhea during the first year after birth. Liver function test of the patient
showed the mildly and intermittently elevated alanine aminotransferase (ALT) levels
ranging from 70 to 92 U/L and aspartate aminotransferase (AST) levels ranging from 80
to 90 U/L, which began at 8 months of age and lasted for 4 years without CF diagnosis.
In addition, abdominal computed tomography (CT) revealed diffuse fatty infiltration of the
liver at 4 years old and gradually developed hepatic cirrhosis. Subsequently, cirrhosis
rapidly progressed with obvious splenomegaly and pancreatic insufficiency and the
patient died of liver failure with coagulopathy by the age of 6 years old. Pediatricians
should remain vigilant to avoid failure to diagnose CF, the occurrence of which may
be underestimated, and pay greater attention to the patients with atypical clinical
manifestations in Asian countries.

Keywords: cystic fibrosis, CF transmembrane conductance regulator, CF-associated liver disease, liver failure,
homozygous CFTR mutation

INTRODUCTION

Cystic fibrosis (CF) is an extremely common autosomal recessive genetic disorder with an estimated
incidence of 1/25,000 to 1/1,800 among Caucasian populations (1), but relatively rare in the Asian
populations (2), especially in China with only a few cases identified in recent years (3). CF often
lead to various comorbidities of multiple systems in the body, such as bronchiectasis, small airways
obstruction, progressive respiratory impairment, malabsorption, biliary cirrhosis, and infertility
(4). Among these comorbidities, CF-associated liver diseases (CFLD) accounts for around 25% of
patients with CF (5). Moreover, ~3.3% of mortality makes the CFLD one of the most cause of
death in CF (6). However, only 0.9% of all patients experienced liver involvement in the first year
of life (7).

Genetic and clinical studies have provided powerful evidence for a definitely causal role for cystic
fibrosis transmembrane conductance regulator (CFTR) in the pathogenesis of CF (8, 9). CFTR, as
a member of the ATP-binding cassette (ABC) transporter superfamily, functions in controlling
ion and water secretion and absorption in epithelial tissues (10). Functional failure of CFTR easily
causes multi-system damage in patients with CF (11). Up to now, more than 2,000 different variants
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have been reported in the CFTR gene available from a database
(https://www.cftr2.org/), most of which have been responsible
for disease causation (12). The types or regions of CFIR
mutation generally vary among patients with CF in different
geographical and ethnic origin, may resulting in different
effects on the product of protein and affecting processing
function or protein stability at the cell membrane (13). Among
these different CFTR mutations, although the Phe508del was
considered as one of the predominant mutations around the
world, it only was a class II traffcking mutation classified
by previous studies (4, 14). Other mutation types, such as
frameshifts, splicing, and nonsense mutations, may result in no
protein production or truncated products, and were categorized
as Class I mutations, for example, Trp1282X, Arg553X, and
6214+1G>T. These kinds of mutations easily cause more
severe phenotype than other types of mutations in patients
with CF (14).

Here, we present a case of a Chinese child with CF due to
a homozygous nonsense mutation in CFTR, presenting mildly
elevated liver enzymes as the initial and main manifestation
beginning at the age of 8 months. The patient subsequently
developed liver failure induced by cirrhosis and died of
coagulopathy at the age of 6 years.

CASE DESCRIPTION
History

A 4-year-old boy, born in Zhejiang Province of China, was
admitted to Yuying Children’s Hospital affiliated to Wenzhou
Medical University in June 2014 with complaints of productive
cough accompanied with high fever for 5 days. He was the first-
born child to unrelated healthy parents, born at 38 weeks of
gestation after an unremarkable pregnancy. His birth weight was
3.5kg, and meconium was passed on the first day of life. The
patient had no history of meconium ileus or diabetes mellitus and
lacked family history of CF. Tracing back his medical history, the
patient was formula feeding but failure to thrive with a weight of
6.8 kg at the age of 8 months and had intermittent diarrhea. For
further evaluation of the condition of growth and development,
the patient was taken to a local hospital at the age of 8 months,
and received complete blood count and liver function tests. And
the results indicated liver involvement with slightly elevated
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) with values of 78 and 82 U/L, respectively. The patient
suffered from recurrently and slightly elevated ALT levels
ranging from 70 to 92 U/L and AST levels ranging from
80 to 90 U/L. In addition, the common etiologies that easily lead

FIGURE 1 | The images of CT and bronchoscopy in 2014, (A) maxillary sinuses were almost full of secretions, and (B) diffuse liver steatosis was observed. (C) Mild
bilateral bronchiectasis was observed in CT, and (D) purulent secretions were observed in bronchoscopy.

Frontiers in Pediatrics | www.frontiersin.org

February 2019 | Volume 7 | Article 36


https://www.cftr2.org/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Lietal

Liver Failure in Cystic Fibrosis

to increased levels of ALT and AST were also excluded, such as
cytomegalovirus and hepatitis B virus infection. Initially, these
symptoms were not paid enough attention by the physicians or
parents because the elevated levels of ALT and AST can recover
to normal levels automatically without treatment or through
the injection of magnesium isoglycyrrhizinate before four
years of age.

Pathological Findings

Physical examination for the patient at the age of 4 years showed
a weigh of 16.5kg with a height of 104 cm. The patient had
a BMI of 15.3, which was in the 50th percentile for his age.
The physical examination also revealed tachypnea and a barrel-
shaped chest. The liver was palpable ~2cm below the right
costal margin, and the spleen was palpable about 1cm below
the left costal margin. Clubbed fingers were absent. Laboratory
examination indicated increased ALT and AST values of 93
and 92 U/L, respectively, whereas other markers such as y-
glutamyl transferase (GGT), bilirubin, bile acid, fasting blood
glucose, albumin, and globulin were within normal limits. Other
laboratory investigations including of complete blood count,
serum electrolytes, urine, arterial blood gas, amylase, and lipase
were normal. The sputum and bronchoalveolar lavage fluid
cultures tested positive for Pseudomonas aeruginosa. The Sudan
III dye test of fecal matter indicated fat droplet positivity.
Pulmonary function tests failed to be performed because of
the difficulty at this young age for the child. Additionally, the
lack of laboratory facilities caused impracticability of the sweat
chloride test. Utilizing computed tomography (CT), we identified
severe bilateral paranasal sinusitis (Figure 1A) and diffuse fatty
infiltration of the liver (Figure 1B) in the patient. In addition, the
chest CT scan verified the presence of bilateral bronchiectasis and
marked peribronchial thickening, especially in the middle and
lower lobes (Figure 1C). Extensive sticky and purulent secretion
were observed in the lungs by bronchoscopy (Figure 1D). Based
on the aforementioned pathological findings, the patient was
primarily diagnosed with CF.

Genetic testing of the patient revealed a homozygous nonsense
mutation from a C-to-T substitution (c.1657C > T) in the CFTR
gene, which was inherited from both his father and mother
(Figure 2). This single-nucleotide variant changed an arginine
at position 553 into a premature termination codon (p.R553X).
Notably, CF screening using amniotic fluid of the mother during
her second pregnancy also indicated the fetus (sibling) to be a
p-R553X carrier.

Treatment and Outcome

Other than hypertonic saline nebulization, high-frequency chest
wall oscillation, expectorant administration, pancreatic enzyme
replacement therapy, and supplementation with vitamins A,
D, E, and K, the child was prescribed intravenous ceftriaxone
to address the P. aeruginosa. Respiratory symptoms gradually
improved after 7 days of treatment, and he was discharged
on the 15th day after admission. Ursodeoxycholic acid was
prescribed after confirmation of genetic diagnosis, but taken
irregularly by the patient. Therefore, the medicine failed to bring

ReferenCCTGG.’aGGTCf’;AGAGCA."‘,G."‘,."AT

TGGAGGTCAAG AGCAAGART
Father : :
l f i
}, “\‘r\\ H u } /
[\I /\ m“‘ ‘H\l\ll ‘ Ru
Mother TGGAGGTC;‘;;;G;;GCAAGAAT
c
Patient

CFTR c¢.1657C>T, pR553X

FIGURE 2 | The Sanger sequencing map of the nonsense mutation detected
in the parents and patient.

about the desired effect. Remarkably, the patient was later re-
hospitalized two times because of pulmonary infections and liver
involvement. Liver function test showed that the levels of both
ALT and AST ranged from 90 to 120 U/L. Further examination
of abdominal CT and ultrasound have suggested the progression
of hepatic cirrhosis. The final hospital admission in August 2016
was due to complaint of a stomachache for 3 days.

Abdominal CT showed a wave-like margin of the liver
and many areas of multifocal hypoattenuation in the liver,
which indicated the occurrence of hepatic cirrhosis on the
basis of diffuse hepatic steatosis (Figure 3A). Simultaneously,
the patient presented with pancreatic atrophy and splenomegaly
(Figure 3B). In addition, both chest CT scan and bronchoscopy
showed the characteristics of bilateral bronchiectasis, marked
peribronchial thickening, and extensive sticky and purulent
secretion, similar to that observed in 2014 (Figures3C,D).
The abnormal prothrombin time (PT) and activated partial
thromboplastin time were 20.2 s (normal control: 13 s) and 52.6 s
(normal control: 36 s), respectively. The international normalized
ratio (INR) was 1.85, which confirmed the diagnosis of
liver failure.

DISCUSSION

The clinical characteristics of CF in different individuals are
various, and liver disease is a relatively common early non-
pulmonary complication of CF. It is estimated that 5-10%
of CF patients suffer from cirrhosis, often accompanied with
portal hypertension (15). In addition, the spectrum of liver
involvement, including elevated liver enzymes (ALT, AST, and
GGT), hepatic steatosis, focal biliary cirrhosis, multilobular
cirrhosis, neonatal cholestasis, and cholangiopathy, has a
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FIGURE 3 | The images of CT and bronchoscopy in 2016. (A) enlarged spleen and macronodular cirrhosis on the basis of diffuse hepatic steatosis and (B) fatty
replacement of the atrophied pancreas indicated by white arrow were observed. (C) Mild bilateral bronchiectasis and (D) purulent secretions were observed.

considerable impact on morbidity and mortality (16). CF is very
rarely reported in Chinese people, and thus epidemiological data
are lacking. A total of 64 Chinese CF patients with confirmed
CFTR mutations have been reported from 1974 up to December
2018, of which only one exhibited the complication of liver
cirrhosis (3, 17, 18). These findings were listed in Table 1.
During the first year after birth, our patient underwent poor
growth, malnutrition with a weight of 6.8kg at 8 months old
and intermittent diarrhea without cholestasis and history of
meconium ileus. In order to evaluate the condition of growth and
development, liver function test was performed and presented
mildly and intermittently elevated levels of both AST and ALT
from 8 months old to 4 years old. Subsequently, the abdominal
CT showed the occurrence of hepatic cirrhosis which rapidly
developed with severe portal hypertension and decompensated
liver function. The patient died of liver failure with coagulopathy
at the age of 6 years. The CT studies of the upper abdomen
revealed steatohepatitis in 2014, which developed to cirrhosis
based on steatosis with obvious pancreatic atrophy in 2016. The
patient suffered from bronchiectasis, but no significant change
was found in the chest CT between 2014 and 2016. Although we
did not obtain results of the sweat test, a previous study identified
that several damaging CFTR mutations, including homozygous
F508del/F508del mutations, were associated with high sweat

chloride levels exceeding 60 mEq/L (36). Therefore, the sweat test
is an important tool for CF diagnosis, particularly in the absence
of the identification of mutations in the CFTR gene.

The CFTR gene mutation spectrum of CF has been well
established among Caucasian populations. Among over 2,000
mutations within CF, the p.F508del mutation is the most
frequent in many western countries including France and
Germany (37, 38). A follow-up study reported that male sex,
a history of meconium ileus, and severe mutations including
p-F508del, c.1717-1G > A, p.G542X, and p.N1303K were
considered independent risk factors for CFLD (39). However, a
previous study suggested that the development of liver disease
in CF was unlikely to be associated with a specific mutation
such as p.F508del, p.G551D, or p.R553X (40). In this study,
we identified a homozygous p.R553X mutation in a patient
who suffered from severe CFLD and died of liver failure.
In addition, previous case reports found two CF cases in
Chinese harboring compound heterozygous CFTR mutations
containing p.R553X and these two cases showed pancreatic
exocrine insufficiency and recurrent pneumonia combining with
significant bronchiectasis, respectively (29, 33-35). Interestingly,
one CF case with homozygous R553X mutation was also reported
in Taiwan and developed bronchiectasis with chronic hypoxemia
and pancreatic insuffciency, but no liver failure (25, 33, 35).
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TABLE 1 | CFTR gene mutations in Chinese CF patients in published literatures.

Patient cDNA change Amino acid change Gender Family history References
1 c.1766+5G>T NA F Y (19)
2 cA766+1G>T NA F \% (20)
3 c.1766+5G>T NA F Y 21)
4 c. 2909G>A, p.G970D, F N (22)
€.319-326delGCTTCCTA p.A107X
5 €.2083dupG, ¢.2684G>A, p.E695GfsX35, p.S895N M Y (23)
€.1766+5G>T
6 €.2083dupG, ¢.2684G>A, p.E695GFsX35, p.S895N F Y (23)
c.1766+5G>T
¢.19G>T, c. 860dupA p.E7X, p.N287KfsX21 Y (24)
¢.1766+5G>T, ¢.2083dupG, p.E695GFsX35, p.S895N F Y (24)
€.2684G>A
9 c.1657C>T p.R553X M N (25)
10 ¢.567C>A, ¢.3691delT N189K, p.S1231PfsX4 F N (26)
11 €.2035-2038? > ? p.W679X F N @7)
12 €.263T>G, ¢.2909G>A p.L88X, p.G970D F Y (28)
13 €.3196C>T p.R1066C F N (28)
14 C.293A>G p.Q98R F N (29)
15 c.95T>C, c.1657C>T p.L32P, p.R553X M N (29)
16 €.293A>G, ¢.558C>G p.Q98R, p.N186K M N (29)
17 €.2052 dupA, p.QB86TsX3, M N (29)
€.2909-? _3367+"7 del p.Gly980_ Thr1112delinsGly
18 €.2909G>A, p.G970D, F N (29)
C.744-7 _1584+7 del p.Arg248_Glu528delinsArgfsX
19 c.1666A>G p.1556V N (29)
20 c.1679+2T>C, NA & 29)
€.2658-1G>C
21 c.214G>A, c.650A>G, p.A72T, p.E217G, p.A1136T, M N (17)
C.3406G=>A,
22 ¢.595C>T p.H199Y F N (18)
23 ¢.595C>T, ¢.2290C>T p.H199Y, p.R764X M N (18)
24 €.1699G>T, ¢.3909C>G p.Asp567Tyr, p.Asn1303Lys M NA (30)
25 €.263T>G, ¢.1766+5G>T, p.Leu88X F NA (30)
c.*110C>G
26 €.3700A>G, ¢.960_961insA p.lle1234Val, p.Ser321llefsx42 M NA (30)
27 €.263T>G, ¢.2909G>A p.Leu88X, p.Gly970Asp NA (30)
28 ¢.326A>G, ¢.1000C>T, p.Tyr109Cys, p.Arg334Trp, NA (30)
c.1666A>G p.lle556Val
29 ¢.595C>T p.His199Tyr F NA (30)
30 €.223C>T, ¢.326A>G p.Arg75X, p.Tyr109Cys F NA (30)
31 ¢.1000C>T p.Arg334Trp F NA (30)
32 c.263T>G p.Leu88X F NA (30)
33 c.1666A>G p.lle556Val F NA (30)
34 C.293A>G, ¢.558C>G p.GIN98Arg, p.Asn186Lys M NA (30)
35 c.326A>G, ¢.2374C>T p.Tyr109Cys, p.Arg792X F NA (30)
36 c.1666A>G p.lle556Val M NA (30)
37 C.293A>G p.GIN98Arg F NA (30)
35 C.648G>A, €.2491-126T>C p.Trp216X M NA (30)
39 c.3196C>T p.Arg1066Cys F NA (30)
40 c.414_415insCTA p.Leu138_His139insLeu M NA (30)
4 ¢.1075C>T, ¢.3307delA p.GIN359X, p.lle1103X F NA (30)
42 €.2909G>A p.Gly970Asp F NA (30)
(Continued)
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TABLE 1 | Continued

Patient cDNA change Amino acid change Gender Family history References
43 €.2909G>A, ¢.15621_1523delCTT  p.G970D, p.F508del M N (31)
44 €.2909G>A, c.2374C>T p.G970D, p.R792X F N 31)
45 €.2909G>A, ¢.2125C>T p.G970D, p.R709X F Y (31)
46 ¢.3700A>G, ¢.959-960insA p.11234V, p.S3211fsX42 M N (31)
47 €.3635delT, p.V1212AfsX15 M Y (31)
48 €.2909G>A, ¢.1997T>G p.G970D, p.L666X F Y (31)
49 €.2909G>A, ¢.263T>G p.G970D, p.L88X F N (31)
50 €.2909G>A, ¢.2907A>C p.G970D, p.A9B9A F N (31)
51 C.865A>T, ¢.3651_3652 insAAAT  p.Arg289X, p.Tyr1219X M N (32)
52 C.865A>T, ¢.3651_3652 insAAAT  p.Arg289X, p.Tyr1219X M N (32)
53 ¢.3196C>T, ¢.870-1G>C p.R1066C M NA (33)
54 c.3G>A, c.1572C>A p.M1l, p.C524X F NA (33)
55 c.1766+5G>T, ¢.3068T>G p.11023R M NA (34)
56 ¢.1766+5G>T, ¢.3140-26A>G NA M NA (34)
57 €.868C>T, ¢.3068T>G p.Q290X, p.I1023R M NA (34)
58 ¢.1657C>T, ¢.3068T>G p.R553X, p.1023R F NA (34)
59 ¢.3068T>G, ¢.3068T>G p.11023R F NA (34)
60 ¢.579+1_579+2insACAT, NA M N 3)
c.1766+5G>T

61 ¢.595C>T p.H199Y M N 3)
62 c.1117-1G>C, ¢.2909G>A p.G970D F N 3)
63 ¢.4056G>C p.Q1352H M N (3)
64 €.263T>G, ¢.2335C>T p.L88X, p.Q779X F N (35)
65 c.1657C>T p.R553X M N This study

"means the patient’s older sister died at the age of 11 as a result of pneumonia. F, female; M, male; NA, not available.

These case reports also indicated the presence of noticeable
differences in the CFTR gene mutation spectrum between
Chinese and Caucasian CF cases (3). Therefore, it is critical to
investigate the gene mutation spectrum and relationship between
the Chinese genotypes and phenotypes such as CFLD through
future investigations.

CONCLUDING REMARKS

In China, patients with CF previously were often misdiagnosed
or received a delayed diagnosis. With the development of
genetic diagnostic technology, increased cases of CF have been
confirmed and reported in China. Pediatricians should remain
alert to undiagnosed CF in patients with atypical and nonspecific
features such as recurrent respiratory infections, steatorrhea, and
mildly elevated AST and ALT without definite causes, which
tend to be neglected and lead to diagnostic dilemmas in Asian
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