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Background: Wilson’s disease (WD) is a rare condition; its diagnosis is challenging owing
to a wide spectrum of ATP7B genotypes and variable clinical phenotypes, along with
environmental factors. Few cases of WD with presentation of skin lesions and acute
neurovisceral symptoms have been reported in the literature. To our knowledge, this
is the first reported case of WD with an uncommon ATP7B gene mutation and rare
symptoms of photosensitivity, sensation abnormality, and skin eruption occurring in a
19-year-old woman.

Case presentation: We report the case of a 19-year-old woman with WD presenting
with liver failure, skin manifestations, and acute neurovisceral symptoms.The rare
mutation in intron 1 of ATP7B (c.514+2T > G) was further confirmed by gene sequencing.
The patients’ symptoms improved after administration of penicillamine and zinc therapy
combined with plasma exchange. She received long-term penicillamine treatment, and
her liver function was within the normal range at 1 year after discharge. However, she
underwent liver transplantation at 1.5 years after discharge.

Conclusions: We present a case of WD with a novel ATP7B gene mutation that may
serve as a reference to generalists and specialists in hepatology or neurology of the rare
clinical characteristics of WD, to prevent misdiagnosis and aid in the early diagnosis and
treatment of the condition.

Keywords: ATP7B, copper storage disease, liver failure, porphyria, Wilson’s disease

INTRODUCTION

Wilson’s disease (WD), also termed hepatolenticular degeneration, was first reported by Kinnear
Wilson in 1912. WD is an autosomal recessive inherited disease, which is caused by a dysfunction
of the ATP7B gene located on chromosome 13q14.3 (~80kb). The ATP7B gene is composed of 21
exons and 20 introns encoding a copper-transporting P-type ATPase containing 1,465 amino acids
that comprise six copper binding domains, eight transmembrane domains, and one ATP loop (1).
It plays a key role in transforming apoceruloplasmin into ceruloplasmin and evacuating excessive
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copper into biliary canaliculi. Defects of ATP7B will result in an
overdose of copper accumulation in many vital organs, primarily
in the liver and brain (2). The incidence of WD is between
1 in 30,000 and 1 in 100,000 people worldwide (3). However,
reports of the disease occurring in the Chinese population have
been increasing (4).

Additionally, patients with WD present with variable
clinical manifestations, including hepatic abnormality and
neurological and psychiatric disturbances. Liver damage includes
decompensated chronic liver disease, chronic hepatitis, and
fulminant hepatic failure, leading to severe coagulopathy,
infections, hepatorenal syndrome, and hepatic encephalopathy.
However, less common clinical features include renal disease,
osteoarthritis (5), and pancreatitis (6). Some reports have
shown that different ATP7B mutation genotypes cause
distinctive clinical phenotypes (7). Consequently, WD is
easily misdiagnosed as other diseases owing to the heterogeneity
of its clinical presentations and loci mutations.

Porphyria, a term for a group of metabolic diseases,
leads to an overload of porphyrins and their precursors.
Acute intermittent porphyria (AIP) is characterized by acute
neurovisceral symptoms and abdominal pain predominantly (8),
while porphyria cutanea tarda (PCT) is characterized by the
development of blisters and sores after light exposure (9). WD
presenting originally as skin lesions and acute neurovisceral
symptoms similar to AIP or PCT has been rarely reported.

Here, we report a case of a young Chinese woman with WD
and an uncommon ATP7B gene defect, similar to porphyria.The
patient presented with photosensitivity of rash, paresthesia,
acute neurovisceral symptoms of stomachache, and exacerbation
of liver failure. Additionally, we present relevant literature to
discuss our conclusions.

CASE PRESENTATION

A 19-year-old woman was admitted to the Department
of Infectious Diseases, Xiangya Hospital of Central South
University on September 14, 2019, with the chief complaint of
body numbness for 9 days and stomachache with jaundice for
5 days. She developed acute burning sensations on the skin of
the forehead, face, neck, and palms of both hands that progressed
into numbness, especially in the proximal joints on September 5,
2019. The above symptoms progressively worsened, with blisters
and pruritus on sun-exposed areas. She experienced paroxysmal
colic in the upper right abdomen, with no nausea, vomiting,
fever and diarrhea on September 11, 2019, and presented with
jaundice gradually. After a series of treatments, including anti-
inflammatory, antispasmodic, liver protective, and rehydration
medications at the local hospital, the symptoms of abdominal
pain were relieved, jaundice was intensified and the total bilirubin
level continued to rise (36.67 mg/dL). She was then referred to
our hospital for further treatment.

During her pregnancy in February, 2019, the patient
was diagnosed with abnormal liver function and took
ursodeoxycholic acid (0.25mg TID) irregularly, resulting in
the continued increase of her aspartate aminotransferase (AST)

and alanine aminotransferase (ALT) levels. In July, 2019,
cesarean delivery was performed on the primigravida at 36 weeks
and 5 days of gestation because of misdiagnosis of intrahepatic
cholestasis of pregnancy at a local hospital. The baby boy’s weight
was 2.7 kg, with an Apgar score of 10. The patient had no history
of drug abuse or known allergies, and had never smoked or drank
alcohol. She had no history of liver disease or similar symptoms
in her families. Notable examination findings included anemia,
severe jaundice, liver palms, hepatosplenomegaly, belly bulge,
and shifting dullness. Remarkably, some scattered skin rashes
with pigmentation were present on her scalp and forehead.

After the patient was admitted, laboratory findings revealed
mild erythropenia, moderate hypochromia, and significantly
elevated total bilirubin (27.13 mg/dL) and aminotransferase (AST
> ALT) levels. Poor hepatic synthetic function revealed low levels
of total protein (58.5 g/L) and albumin (32.9 g/L). Additionally,
prothrombin time was prolonged and prothrombin activity was
severely decreased to 34.44% (Table 1). Severe and prominent
liver damage was observed in this patient, whereas hepatitis B
virus, autoimmune hepatitis-related antibodies, and Budd-Chiari
syndrome were ruled out, and the patient had no history of
alcohol and use of drugs as treatment for liver lesions. Inherited
metabolic diseases were considered first because of the young
age of onset with obvious liver enlargement and cirrhosis on
abdominal ultrasound examination. Porphyria was suspected
based on the initial symptoms of photosensitivity, acute
stomachache, and pink urine under Wood’s lamp illumination.
However, genetic sequencing without porphyria-associated gene
mutations excluded the diagnosis.

The diagnosis of WD was established based on the presence
of Coombs negative hemolytic anemia, Kayser-Fleischer rings
on slit lamp examination (Figurel), low level of serum
ceruloplasmin, and obviously elevated levels of 24-h urine
copper (3,804 pg/24h) (Table1). The whole exon region
(about 20,000 genes) in the human genome sequencing was
performed on the Illumina MiSeq next-generation sequencing
(NGS) and Sanger sequencing. The former presented a possible
loss of heterozygosity in the area of chr13ql4.3 (52158814-
53624916) with a length of 1.47Mb. The latter revealed a
novel heterozygote splicing mutation ¢.51+2T>G within intron
1 of the ATP7B (13q14.3|NM_000053.3) (Figure 1A), which
was evaluated as likely pathogenic according to the American
College of Medical Genetics and Genomics (ACMG) (10)
criteria. The evidence of pathogenicity of the this mutation
is PVS14+PM2+PP3+PP5.According to the scoring system
developed at the 8th International Meeting on Wilson’s disease,
Leipzig 2001 (11), the patient received a score of 8 points in total,
which further confirmed the diagnosis of WD.

Treatments included ornithine aspartate for preventing
hepatic encephalopathy and albumin infusion combined with
hydragogue for reducing ascites. Non-biological artificial liver
treatment (plasmapheresis) was used to remove harmful
substances and relieve hemolytic crisis and hepatic failure. For
WD, the patient was treated with oral penicillamine (increased
to 0.9 g/d) and zinc (0.15 mg/d). Plasmapheresis combined
with chelation therapy was effective, because the ceruloplasmin
level returned to the normal range and serum bilirubin and
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TABLE 1 | Laboratory results of the patient at the first day of admission and 1.5
years after discharge and a data comparison of another WD patient with a
different mutation.

Laboratory tests The patient of this case The control patient

First day of 1.5 years after  First day of
admission discharge (recently) admission

WBC (x 10%/L) (3.5-9.5) 6.6 9.24 1.9
N (x 10%/L) (1.8-6.3) 5.0 4.86 1.4
RBC (x 10'?/1) 2.55 5.15 4.36
(8.80-5.10)

Hb (g/L) (115-150) 89 145 127
PLT (x 10%/L) (125-350) 174 288 17
ALT (U/L) (7-40) 42.5 24.7 17.6
AST (U/L) (13-35) 61.7 19.6 26
I'-GGT (U/L) (7-45) 157.6 52.3 104.7
TB (umol/L) (1.7-17.1) 464.0 9.6 8
CB (umol/L) (0-6.8) 255.8 2.9 4.7
TP (g/L) (65-85) 58.5 71 63.1
Alb (g/L) (40-55) 32.9 45.2 40.1
PT (s) (10-16) 23.7 124 14.4
PTA (%) (70-140) 34.44 119 82
INR (0.8-1.2) 1.91 0.91 1.15
APTT (s) (20-43) 70.9 36.5 39.7
Fibrinogen (g/L) (2-4) 1.47 2.88 2.1
C3 (mg/L) (790-1,520) 254 n.a. 612
C4 (mg/L) (100-400) 79.8 n.a. 142
Ceruloplasmin (mg/L) 66.1 n.a. 33.2
(210-530)

24-H urine copper 3,804 n.a. 2,899
(rg/24h) (15-30)

Coombs test (-) - n.a. n.a.

n.a., not available; WBC, white blood cells; N, neutrophils; RBC, red blood cells; Hb,
hemoglobin; PLT, platelets; ALT, alanine aminotransferase; AST, aspartate transaminase;
v-GGT, gamma-glutamyltransferase; TB, total bilirubin; CB, conjugated bilirubin; TF, total
protein; Alb, albumin; PT, prothrombin time; PTA, prothrombin activity; INR, international
standard ratio; APTT, activated partial thromboplastin time.

hemoglobin levels were normal on the day of her discharge.
Notably, the patient’s abdominal pain was relieved and the
scattered papules on the scalp and forehead disappeared after
a comprehensive treatment, which possibly suggested that
photosensitivity and stomachache were symptoms of WD.
However, the treatment of WD is life-long and should be
continued after discharge to maintain normal liver functioning.
The patient had normal liver functioning during follow-up
at 1 year after discharge, which was maintained by treatment
with oral penicillamine (0.25g). However, her liver function
deteriorated after drug withdrawal without the authorization of
her attending physicians at the latest follow-up; thus, she had to
undergo liver transplantation. At the time of writing, specifically
at 1.5 years after discharge, she is in a good condition (Table 1).

DISCUSSION

Prominent cirrhosis and hepatomegaly in this young patient
on abdominal ultrasound suggested a long course of illness.

Porphyria was considered first based on her outstanding
symptoms of skin damage and stomachache. Porphyria, caused
by the absence of enzyme activity in the heme biosynthetic
pathway, leads to the increased concentration of porphyrin or
its precursors (12). Some patients may present with chronic liver
damage and cholelithiasis because of the excessive release of
protoporphyrin into the biliary tract (13). Therefore, porphyrin
accumulation in the liver and biliary tract leads to liver
damage, ranging from minor liver biochemical abnormalities
of elevated levels of bilirubin and transaminase to liver
carcinoma (14). In addition, acute hepatic porphyrias present
with episodic and acute neurovisceral symptoms (8), while
photosensitivity may occur mainly in cutaneous porphyria
(9). The clinical manifestations of porphyria hepatica are
atypical and diversified. Specific diagnostic tests are few, and
most of them show negative results. Therefore, the clinical
misdiagnosis rate of WD is high. In this case, the diagnosis
of porphyria was excluded using gene sequencing. However,
attention must be given to such confounding manifestations to
avoid misdiagnosis.

Studies focusing on characterizing mutations within the
ATP7B gene have soared recently. Approximately 1019 different
mutations have been reported in the ATP7B gene from the
Human Genome Organization database (http://www.hgmd.cf.
ac.uk/ac/index.php), updated in April, 2019. Among them,
single-nucleotide missense/nonsense mutations are the most
common, followed by insertions/deletions, and a few of splice site
mutations. WD gene mutations are with significant geographic
variations. The p.His1069GIn is found mostly in Northern
America (15) and Europe (16), while the p.Arg778Leu is the
most common in East Asians (17, 18). WD presents multiple
phenotypic manifestations due to the combined action of
genotype, diet, and environment (19). Multiple previous studies
on the association between genotypes and clinical features
showed that p.Arg778Leu is associated with a young age of
onset and low levels of ceruloplasmin and serum copper, and
both p.Arg919Gly and p.Thr935Met indicate high levels of
ceruloplasmin (20). Another research suggested that a p.H1069Q
variant is related to late onset and neurologic presentation
of WD (21).

In the present case, the pathogenic mutation ¢.51 + 2T > G
and loss of heterozygosity are compound heterozygotes on the
two chromosomes of the proband, inherited from her father and
new mutation of her own. The mutation c¢.51 + 2T > G is a
new mutation that was first identified in 2019. The mutation is
located in intron one, which predicted results in exon skipping,
leading to a disorder of the encoded protein and loss of its
normal function (22). As a result, ATP7B ATPase cannot be
encoded, and copper accumulates. Hence, it could be classified
as “pathogenic variants” of WD according to ACMG Standards
and Guidelines (10). It has been confirmed previously that splice
variants can alter the order of intron removal, thereby leading to
exon skipping (23). One study had found that a splice mutation
(c.561-3T>C) of intron 6, in the POCIB gene, in which exon
6 is partly skipped (24). Based on the findings reported in the
literature (25) and those of our case, mRNA sequencing analysis
revealed that deep intron deletion on both sides of the affected
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image of the left eye; (B) the image of the right eye.

FIGURE 1 | Image obtained during slit lamp examination showing characteristic Kayser-Fleischer (K-F) ring (arrowhead) at the margin of the cornea and scler. (A) the

/\/\A WaMAN

" ¥¢.51+2T>G, het

ﬂAAAAAﬂ\A\AAAAAAﬂ

a. the patient

A 6T C &8 A A B

G 8 6 &

- e A A

"o 51+2T>G het

MR '\/\/\Az\

b. her younger brother

c 51+2T>G het

/\AAA /\AA

AAA A AAAF‘xAAA,AAAALAALAAAA°“””“*”“”
©5142T>G het 1

/\/\/\ /\/\/ A

d. her father

M\f\f [\[\N\

\/ M\ /X”&\/\Aﬂ/\/& e. her mother

AAA<A\AAA

/\/\A WAAN [\Z\Z\

f. her son

FIGURE 2 | Sequence analysis of ATP7B gene in the family.

exon can cause exon jumping, intron retention, or sequence
insertion of other genes in mRNA, and intron deletion may be
a pathogenic mutation.

In addition, this patient showed special symptoms of
skin damage, photosensitivity, and acute neurovisceral
manifestations, which may be a special phenotype of the
gene mutation (c.51 4+ 2T > G). For nonspecific skin changes,
some features of hyperpigmentation, xerosis, acanthosis
nigricans, and dermatomyositis have been reported in patients
with WD (26). In a study involving children aged 4-17 years,
Muammer et al. found that xerosis was common (45.7%) in
relatively newly diagnosed children with WD, followed by
keratosis pilaris (10.8%) and spider angioma (10.8%) (27). In

an early study, hyperpigmentation was known to be related to
WD. Histologically, it was found that hyperpigmentation of the
skin was due to excessive melanin deposition rather than the
presence of copper or iron (28). It had been confirmed that the
skin changes are caused by the treatment with penicillamine,
as its cutaneous side-effects include degenerative dermatoses,
including cutis laxa, anetoderma, elastosis perforans serpiginosa,
and lymphangiectasis (29, 30). Obviously, the skin lesion of
this patient was not caused by adverse drug reactions, because
of the first diagnosis. Most of the patients with WD have
copper metabolic abnormalities with liver dysfunction. It seems
likely that the liver abnormality plays an important role in the
development of skin pigmentation in patients with WD. Thus,
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FIGURE 3 | Family pedigree of the mutation in ¢.51+2T>G and heterozygous deletion.

far, the exact pathophysiological mechanism of varied skin
lesions in WD is not clear. Additionally, for acute neurovisceral
manifestation, one patient presented with mild pancreatitis,
which was attributed to copper deposition in the pancreas
(31). The pigmented gallstone pancreatitis and cholangitis with
concomitant obstructive jaundice have also been reported as
the features of WD (6). A study involving 10 WD patients
with different causes included three cases showed that acute
pancreatitis is a complication of massive hemolysis, with a
prevalence of ~25% (32). The cause of WD presenting as
pancreatitis, thus, was presumed to be copper deposition or
hemolysis. Therefore, further investigation is still needed to
verify the causality between genotype and phenotype, especially
the novel mutation ¢.51 4+ 2T > G and skin manifestations and
acute neurovisceral symptoms. Unfortunately, few studies have
reported a splice site variant of ¢.51 + 2T > G.

First-degree relatives of the proband must be screened for
WD; a higher (4.08%) than expected (0.5%) frequency of WD
among their subsequent generations was detected (33). The
parents, younger sister, and baby boy of the patient all underwent
genetic testing, as shown in Figure2. The c¢.51 + 2T > G
variant located on intron one was detected in both the father
and younger sister of the patient, and the same heterozygous
deletion in the chr13ql14.3 (52158814-53624916) region was
located in her son. In this case, the pathogenic gene of the
splicing mutation ¢.51 + 2T > G in intron one came from her
father, while the new heterozygosity deletion originated from
herself, which led to the formation of complex heterozygotes.
Based on the phenotype of their families, we mapped the
family pedigree, as shown in Figure 3. Although, none of her
first-degree relatives had any pathognomonic physical sign of
the disease, a study showed that prophylactic therapy was
effective in WD, whereas a long period must elapse before
the illness could be prevented in these asymptomatic families
(34). We suggest that her family should regularly undergo
liver function tests and should note any neuropsychiatric
symptoms of WD. A low-copper diet and zinc therapy have

been used successfully in asymptomatic or presymptomatic
individuals (3).

The limitations in our report are quite obvious. It was not a
controlled study, and only one patient with WD with splicing
variants of ¢.51 + 2T > G in the ATP7B gene was involved.
Thus, our findings may not be generalizable to other patients
with WD. However, we have added a data comparison with a
WD patient with other mutation (p.R778L) in Table 1. Although
this mutation has been reported previous studies, more animal
experiments with greater scientific rigor are needed to confirm
the relationship between genotype and phenotype.

CONCLUSION

In this case, the diagnosis of porphyria was excluded using
gene sequencing. However, attention must be given to such
confounding manifestations to avoid misdiagnosis. In this case
report, we identified the rare splicing variants of ¢.51 + 2T >
G in the ATP7B gene that may be involved in the pathogenesis
of WD.The patient developed skin changes and stomachache,
which have never been reported in WD populations. We hope
that our case report may serve as a useful reference for generalists
and specialists in hepatology or neurology in diagnosing the rare
clinical characteristics of WD, to prevent misdiagnosis and for
the early diagnosis and treatment of the condition.
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