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Wilson disease and the differential diagnosis of its hepatic
manifestations: a narrative review of clinical, laboratory, and liver
histological features
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Objective: The goal of the present work is to provide an overview of the differential diagnosis of Wilson
disease.

Background: Wilson disease is a rare condition due to copper accumulation primarily in the liver and
brain. Although there is no definitive cure, current anti-copper treatments are associated with better
outcomes if initiated early and if the diagnosis is made promptly. However, diagnostic delays are frequent and
often Wilson disease represents a diagnostic challenge. The diagnosis ultimately relies on a combination of
clinical, laboratory and genetic findings, and it is crucial that clinicians list Wilson disease in their differential
diagnosis, especially in patients presenting with a hepatocellular pattern of liver injury. Some biochemical
and liver histological features of Wilson disease overlap with those of more common conditions including
nonalcoholic fatty liver disease, alcohol-associated liver disease, and autoimmune hepatitis. In particular,
hepatic steatosis, hepatocyte glycogenated nuclei, ballooning degeneration, and Mallory-Denk bodies are
often identified in Wilson disease as well as more common liver diseases. In addition, the natural history of
liver damage in Wilson disease and the risk of developing liver cancer are largely understudied.

Methods: We conducted an enlarged review of published papers on Wilson disease focusing on its
diagnosis and distinctive clinical and liver pathology features in relation to common non-cholestatic liver
diseases with the final goal in aiding clinicians in the diagnostic process of this rare but treatable condition.
Conclusions: Aside from markedly altered copper metabolism, Wilson disease has essentially no
pathognomonic features that can distinguish it from more common liver diseases. Clinicians should be aware
of this challenge and consider Wilson disease in patients presenting with a hepatocellular pattern of liver
injury.
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Introduction

Wilson disease (WD) is an autosomal recessive genetic
disease of copper metabolism that results in pathologic
deposition of copper in the liver, brain, and other organs
and tissues (1,2). The pathogenesis involves disease-
causing variants affecting the ATP7B gene localized on
the short arm of chromosome 13 (3,4). Using ATP-
dependent mechanisms, the ATP7B copper transporter
regulates transmembrane copper export and ceruloplasmin
maturation through the trans-Golgi network (5).
Failure to excrete copper from the hepatocytes results
in heterogenous hepatic copper accumulation that
evolves as the disease progresses (6,7). In early stages,
copper accumulates in hepatic nuclei and triggers the
remodeling of liver transcriptome, which involves
up-regulation of cell cycle related genes and down-
regulation of lipid metabolism (8). Cellular copper
metabolism and distribution is highly regulated by
copper-chaperones and metallothioneins. Copper also
accumulates in mitochondria, with consequent effects on
energy metabolism (9-11), and in later stages in cytosol
lysosomes (12). The initial clinical presentation ranges
from mild with asymptomatic transaminitis to severe with
decompensated cirrhosis and signs of portal hypertension
or acute liver failure (13-16). WD typically presents with
hepatocellular rather than cholestatic pattern of liver
injury (17). The clinical signs and symptoms as well as the
liver pathology are often non-specific and can mimic other
common liver diseases including non-alcoholic fatty liver
disease (NAFLD), alcoholic hepatitis, and autoimmune
hepatitis (AIH) (18-20). The diagnostic process can be
arduous as no single laboratory test reliably confirms the
diagnosis, which ultimately relies on multiple combined
biomarkers and parameters (21-23). This is important
because WD is fatal if left untreated, and earlier treatment
is linked to better outcomes with reduced morbidity and
mortality (24,25). Previous reviews have addressed the
differential diagnosis of the neurological manifestations
of WD (26) but a similar approach for the hepatic
manifestation is lacking. With this work, our goal was to
answer the clinician questions on how to differentiate WD
from other liver diseases. Therefore, the ultimate objective
of this review is to guide practitioners by describing the
clinical and laboratory features of WD in relation to
common non-cholestatic liver conditions that are included
in the differential diagnosis of this rare disease.

We present the following article in accordance with the
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Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-2264).

Methods

We conducted a non-systematic literature search of
PubMed articles written in English using the search terms
Wilson disease, diagnosis, histology, and Leipzig score.
Reviews, original articles, randomized controlled trials,
meta-analyses, book chapters, and abstracts presented in
conferences up to March 2021 were included. We present a
narrative synthesis of extracted data.

Serum ceruloplasmin levels

Traditionally, total ceruloplasmin levels are considered
diagnostic of WD when below 20 mg/dL. Although most
clinical laboratories will implement an immunological
method to quantify ceruloplasmin protein, the enzymatic
assay quantifying its oxidase activity is ideal to determine
ceruloplasmin levels, usually lower than 0.1 g/L (27) in
WD. Ceruloplasmin levels have been found to be reduced
in other chronic liver diseases, mostly as a consequence
of cirrhosis and impaired liver function (28). Serum
ceruloplasmin levels of WD patients are, on average,
significantly lower (<0.1 g/L) than those of healthy
subjects and patients with other liver diseases, although
there can be overlap with other acute or chronic liver
conditions. In addition, serum ceruloplasmin can be falsely
elevated in WD during acute inflammatory response. Low
ceruloplasmin activity has been also described in patients
with NAFLD (29). Therefore, overall serum ceruloplasmin
is characterized by low sensitivity and specificity for the
diagnosis of WD and is of limited value in discerning the
differential diagnosis.

Urinary copper concentration

The urinary copper concentration is a relatively simple
and sensitive test for the diagnosis of WD. In untreated
WD patients, the 24-hour copper urinary excretion
reflects the amount of non-ceruloplasmin-bound copper
in the circulation (30). Diagnostic cut-offs and ranges
depend on the laboratory. The literature favors cut-offs
>1.6 pmol/24 h (>100 pg/24 h) (13,14,27,31). However,
multiple studies have shown this cut-off to be too high
in the pediatric setting (32,33). One study showed higher
diagnostic accuracy using a 40 pg/24 hr cut-off versus

Ann Transl Med 2021;9(17):1394 | https://dx.doi.org/10.21037/atm-21-2264


https://dx.doi.org/10.21037/atm-21-2264
https://dx.doi.org/10.21037/atm-21-2264

Annals of Translational Medicine, Vol 9, No 17 September 2021

the 100 pg/24 hr cut-off, and although non-significant in
healthy individuals, it was shown to be suggestive of WD
in asymptomatic children (21). Other liver diseases can
cause false positive 24-hour urine copper levels. In AIH,
cholestasis, as well as chronic or acute liver failure, urinary
copper excretion can be increased, although levels tend to
be overall lower than those found in WD (31,34,35).

Hepatic copper concentration

The cut-off for hepatic copper concentration for the
diagnosis of WD is 250 pg/g dry liver tissue (>4 pmol/g
per 2012 European Association for the Study of the
Liver guidelines) (27). Although there are increasing data
supporting the validity of non-invasive assessment of liver
fibrosis in WD (36,37), quantification of hepatic copper is
still a major component of the diagnosis of WD. A study
from China (38) prospectively evaluated hepatic copper
content quantified in the entire liver biopsy specimen
obtained from patients with suspected WD compared to
multiple other liver conditions for which the liver biopsy
was clinically indicated. Liver samples were based on two
percutaneous core biopsies to allow for hepatic copper
quantification in the entire liver sample which was at least
1 mg of dry weight. The diagnosis of WD was established
in 178 patients and the cut-off value of 209 pg/g
dry weight was characterized by a sensitivity of 99.4%,
specificity of 96.1%, and the best diagnostic accuracy
for WD. Whereas nonalcoholic steatohepatitis (NASH)
patients presented hepatic copper levels lower than normal
range, 19 patients out of 50 with AIH had hepatic copper
>75 pg/g and 2 had >250 pg/g dry weight. As expected,
almost 50% of patients with cholestatic autoimmune
conditions, primary biliary cholangitis and primary
sclerosing cholangitis, presented high hepatic copper
concentrations >250 pg/g, with an average of 318+299 pg/g
dry weight. A previous study from Ferenci et /. (39)
assessed hepatic copper concentration in 3—5 mm sections
of core fresh liver biopsies from patients with WD
and patients with other conditions including NASH,
alcohol-related hepatitis, and AIH. The sensitivity and
specificity of the traditional cut-off of 250 pg/g was 83.3%
and 98.6%, respectively. One patient with alcoholic
steatohepatitis and one patient with chronic hepatitis C
were also found with elevated hepatic copper >250 pg/g.
Therefore, it is likely that the size of the liver biopsy and
the ability to measure copper in the whole sample affect
the accuracy of the analysis.

© Annals of Translational Medicine. All rights reserved.
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%“Cu radioactive copper

Dynamic assessment of copper metabolism and fluxes in
the body can be evaluated with radioactive copper tracer
#Cu. Interestingly, “Cu incorporation into ceruloplasmin
has demonstrated excellent diagnostic accuracy in patients
with WD compared to heterozygous control subjects. In
particular this non-invasive test showed higher diagnostic
accuracy, sensitivity, and specificity when compared to other
parameters of copper metabolism, including ceruloplasmin,
total serum copper, non-ceruloplasmin-bound copper,
and 24-hour urinary copper excretion (40). “*Cu tracer in
association with positron emission tomography can also be
used to dynamically study copper fluxes in the body and
holds great promise for diagnostic assessment and research
in the field of human conditions associated with altered
copper metabolism (41).

ATP7B variants and genetic analysis

Genetic analysis for ATP7B variants is an important tool
in the differential diagnosis but, with current knowledge,
cannot be considered a gold standard. The ATP7B gene
analysis can be performed through polymerase chain
reaction for detection of known point mutations, whole
genome sequencing or whole-exome sequencing. The main
challenges of this approach are that the presence of ATP7B
variants does not predict clinical manifestations of WD or,
vice-versa, the lack of variant detection cannot completely
exclude the diagnosis. However, it is important to point
out that the knowledge about disease-causing ATP7B
variants is growing together with our capacity to interpret
their significance and clinical implications. Therefore, it is
possible that genetic studies will soon have a major role in
the differential diagnosis.

ATP7B peptides

Antibodies against selected ATP7B peptides, ATP7B 887
and ATP7B 1056, have shown high sensitivity and specificity
for the diagnosis of WD (42,43). The peptides can be
measured in small amounts of dried blood spots potentially
offering a new accessible tool for the early diagnosis of WD.
It is unknown if these peptides will differentiate patients
with WD from other chronic liver diseases or if their levels
will show differences according to WD phenotype, but they
have the potential to expand the current diagnostic options
for WD.
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Kayser-Fleischer rings

The characteristic copper deposits in the cornea at the level
of the Descemet’s membrane are a frequent manifestation of
WD and present in virtually all patients with neurological
symptoms. These rings are not pathognomonic as
cholestatic liver diseases and chronic hepatitis can also
present similar copper deposition in the cornea. However,
determining the presence of the Kayser-Fleischer rings
when eventually associated with any severity of liver or
brain involvement, is a useful part of the diagnostic process.
The rings can be identified with slit-lamp examination and
with anterior segment optical coherence tomography (AS-
OCT) evaluation, which can provide objective and accurate
quantitative measurement, of the rings, also helpful to assess
response to treatment over time (44,45).

Clinical presentation and diagnostic criteria

The age at presentation of clinically symptomatic WD
is usually between the second and fourth decade of life.
However, younger and older ages have been extensively
reported at WD onset. Patients with WD can present
with a wide range of hepatic, neurological, and psychiatric
manifestations, combined in various and unpredictable
ways. Neurological symptoms include dystonia, tremors
and Parkisonism with rigidity and gait disturbances, as
well as dysarthria, salivation, and dysphagia. Psychiatric
manifestations vary from mood disorders, including
depression and bipolar disorders, to personality disorders,
including antisocial behavior and sexual disinhibition,
and cognitive impairment. Although neuro-psychiatric
symptoms are often associated with liver disease, there is no
correlation between the severity of the two. Given that WD
is an autosomal recessive disorder, it should be considered
for all cases of hepatic or neurological symptoms and known
family history of WD.

In 2001 at the 8th International Meeting on WD
in Leipzig, Germany, a composite scoring system now
referred to as the Leipzig score was developed (46). It
combines the assessment of clinical and laboratory findings
(Kayser-Fleischer rings, neurological symptoms, serum
ceruloplasmin, Coombs-negative hemolytic anemia, hepatic
and urinary copper levels) with genetic data to aid in the
diagnosis of WD.

The authors recommended that prospective studies
should be performed to validate this scoring system.
However only a handful of small scale prospective and

© Annals of Translational Medicine. All rights reserved.
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larger retrospective studies have been performed with the
aim of validating this score. The results of these studies are
summarized in Table 1. The Leipzig score remains a useful
tool in the diagnostic process of WD but further studies are
needed to validate its significance.

Laboratory and liver histopathological features
of common liver diseases in the differential
diagnosis of WD

Clinical laboratory and histological features of WD and
liver conditions included in its differential diagnosis are
summarized in Tables 2,3. In WD, AST and ALT elevations
are typically 2-5 times the upper limit of normal (17,52)
with AST levels usually higher than ALT, likely due to
mitochondria function impairment. In cases of advanced
disease, the AST/ALT ratio is often >1, although this is seen
in patient with severe fibrosis/cirrhosis regardless of the
underlying etiology.

Copper accumulation in WD is often associated
with steatosis and glycogenated hepatocyte nuclei (GN)
(Figure 1A4) (53,54). Other features described in WD
include hepatocyte ballooning degeneration (Figure 1B)
and anisonucleosis (Figure 1C), which could both support
the diagnosis of WD.

The histologic features of WD differ based on stage of
disease. In the early stages, relatively mild, non-specific
lobular changes are noted. Scattered apoptotic hepatocytes
and spotty necrosis (i.e., focus of lymphocytes surrounding
an injured hepatocyte) throughout the lobule are also
observed. Mild macrovesicular steatosis may be present.
Occasional ballooned hepatocytes (enlarged hepatocytes
with cleared out cytoplasm) may be seen. Glycogenated
hepatocyte nuclei may be identified in peri-portal
hepatocytes. As the disease progresses, inflammation within
the portal tracts increases, interface activity (hepatocyte
necrosis at the portal tract-lobule interface) develops and
hepatocyte ballooning increases. Bridging fibrosis and
ultimately cirrhosis develop. In the later stages, hepatocyte
anisonucleosis may also be a prominent feature. In acute
liver failure, marked hepatocellular degeneration and
parenchymal collapse, typically on the background of
cirrhosis, is often present. Parenchymal apoptosis of
hepatocytes is also a prominent feature. Histochemical
stains such as rhodanine or rubeanic acid, by binding
directly to copper (55,56), may show increased copper
accumulation in hepatocytes. However, the absence of
copper deposition does not exclude WD, as hepatic copper

Ann Transl Med 2021;9(17):1394 | https://dx.doi.org/10.21037/atm-21-2264
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Table 1 Summary of studies applying the Leipzig score criteria

Population and study

Ref. No. ; Main findings Laboratory cutoffs
design
Koppikar, = Retrospective cohort e 53 of 54 WD had a score >4 e Liver copper >250 mg % dry weight
2005, study of 142 children with . . .
United liver disease investigated ¢ 3 patients in the non-WD group had a score >4 e Serum ceruloplasmin <20 g/L
Kingdom  for WD in the differential ® Sensitivity 98.14% e Urine copper (pre-penicillamine)
47) diagnosis, or screened e s o >1 mmol/24 h, post-penicillamine
after an index case of WD * Specificity 96.59% 425 mmol/24 h
in the family ° PPV 94.64%
* NPV 98.83%
Moores, Retrospective cohort study e 44 of 59 patients had a LS >4 e Ceruloplasmin <0.20 g/L
2012, f 48 adult WD patients i ) . ) . ) .
© adu pa |§n s, Median LS in neurological presenting patients was e Urinary copper >0.60 umol/L
Canada the ambulatory setting . S .
48) 8, which was significantly higher (P=0.002) compared « Serum copper <11.3 umol/L
with those with hepatic presentation (median 5) and PP < H
asymptomatic presentation (median 6)
* 81% of patients had serum copper values below the e Hepatic copper >0.80 pmol/g
LLN
Penon- Retrospective cohort * 100% sensitivity: A total of 34 pediatric patients, Ceruloplasmin lower normal limit (defined
Portmann, study of 140 pediatric WD from 28 families, were confirmed to have WD by a as 0.1 g/L or 28 IU/L)
2019, patients with molecular score >4 points according to the LS
ta Ri ATP7B testi t
(Cj‘(;)s anica 2010 anZSQI(;nge ween e From the 34 diagnosed patients, 23 were new and

11 had been previously reported

Xuan, 2007, Prospective study of adult e All three of cases showed that the LS provides a e 24-hour urine copper >0.6 Imol/24 h
Canada patients with atypical useful framework for diagnosis
(22) presentations of Wilson

Disease (n=3) ¢ Even without the additional points from positive e Serum ceruloplasmin <0.20 g/L

mutational analysis, all three patients each scored a 6,

Hepati tent <50 |
placing them in the diagnostic range * Hepatic copper content <50 1g/g

Abdel Retrospective cohort study e 73 patients with LS >4; only 4 children with LS of e Serum ceruloplasmin <20 mg/dL
Ghaffar, of 77 pediatric Wilson less than 4 (two asymptomatic and two hepatic); none
2011, Disease patients from of whom did mutational analysis at the time of scoring

Egypt lated famili
gypt(50) 50 unrelated families e The study concludes that the value given to different e 24-hour urinary copper excretion

items in the LS might have to be modified for different >100 pg/24 hours or 1,600 pg/24 hours
ethnic groups after D-PCA challenge test

Tatsumi, Retrospective cohort study e 10 patients had definitive ATP7B variants Ceruloplasmin <10 mg/dL
2011, of 23 pediatric and adult

Japan (51) patients ¢ 9 of these patients had a Leipzig score >4

Nicastro, = Case control study of 40 e Ceruloplasmin <20 mg/dL showed a sensitivity of e Serum ceruloplasmin <20 mg/dL

2010, Italy children with WD (26 boys 95% and a specificity of 84.5%

(21) and 14 girls, age range
1.1-20.9 years) and 58
age-matched and sex-
matched patients with a e Urinary copper values after penicillamine challenge
liver disease other than did not significantly differ between WD patients and
WD control subjects (sensitivity of 12%)

e Urinary copper >40 Ig/24 hours showed a sensitivity e Urinary copper >40 Ig/24 hours
of 78.9% and a specificity of 87.9%

e The LS was proved to have positive and negative
predictive values of 93% and 91.6%, respectively

WD, Wilson Disease; LS, Leipzig Score; PPV, positive predictive value; NPV, negative predictive value.
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Table 2 Summary of clinical and laboratory features of WD and conditions in its differential diagnosis

Disease Clinical laboratory features

Wilson Disease

e Low serum ceruloplasmin (<0.1 g/L)

e High urinary copper (>40 pg/day or >0.6 pmol/day)

e Elevated transaminases (often AST > ALT)

® Hemolytic anemia

Non-Alcoholic Fatty Liver
Disease

e ALT or AST are elevated only mildly to moderately in the range of a two- to fivefold elevation

¢ Alkaline phosphatase may be abnormally elevated two- to threefold, in fewer than half of patients

Alcohol-Associated Liver
Disease

e Typically have moderately elevated aminotransferases (<500 IU/mL) with AST:ALT ratio of two or greater

e Elevated serum bilirubin (greater than 5 mg/dL)

e Gamma-glutamyl transferase (GGT) is often elevated

e Anemia with an elevated mean corpuscular volume (MCV)

e Elevated serum iron indices (ferritin and transferrin saturation) and hepatic iron

® [gA levels are increased in chronic ALD. An increased ratio of IgA to IgG is highly suggestive of ALD

Autoimmune Hepatitis

e Acute: Elevations in ALT and AST levels may exceed 10 to 20 times the upper limit of the reference range,

and the ratio of alkaline phosphatase to AST (or ALT) is often <1:5, and in some cases is <1:10

e Chronic or with cirrhosis: AST and ALT elevations are less profound, while the ratio of alkaline phosphatase
to AST (or ALT) is lower and approaches 1:2

e ANA titers in the range of 1:80 to 1:100 or greater are regarded as positive in adults

e Anti-smooth muscle antibodies (ASMA) are more specific than ANA for autoimmune hepatitis, particularly

when present in titers of 1:80 or more

AST, aspartate transaminase; ALT, alanine transaminase; ALD, alcoholic liver disease.

accumulation in WD can be patchy. Furthermore, presence
of mild copper accumulation is common in cholestatic
diseases and is therefore not specific for WD.

Non-alcobolic fatty liver disease

Although there is no unique pattern of elevation for ALT
and AST levels in NAFLD, in general, ALT are higher
than AST levels and elevations typically are not greater
than two times the upper limit of normal, with levels
rarely above 300 IU/I (57-60). The AST/ALT ratio is
reported to be less than 1 in 65% to 90% of NAFLD
patients (58,59,61). Alkaline phosphatase may be two-
to threefold above the normal limits in fewer than half
of patients whereas bilirubin levels are rarely abnormal,
unless cirrhosis is present (62).

Histologically, NASH is characterized by the presence
of macrovesicular (large droplet) steatosis, lobular
inflammation, and hepatocellular ballooning (Figure 1D).
In NASH, the pattern of steatosis may be characterized

© Annals of Translational Medicine. All rights reserved.

by either purely large droplets (macrovesicular steatosis)
or a mixture of large droplet and focal microvesicular fat
(mixed macro- and microvesicular steatosis), the latter
of which is associated with more severe disease (63).
Although not specific, the pattern and distribution of
steatosis can help differentiate WD and NASH. Whereas
NASH may show a predominance of zone 3 (peri-central)
steatosis, in WD hepatic fat accumulation is typically
more evenly distributed across the lobule. Additionally,
hepatic steatosis in WD consists primarily of large droplet
fat. Interestingly, there is evidence of a possible common
genetic mechanism behind the development of steatosis in
NAFLD and WD. A single nucleotide polymorphism in
the patatin-like phospholipase domain containing 3 gene
(PNPLA3), also known as adiponutrin gene, has been
shown to be strongly associated with increased hepatic
fat content and elevated ALT levels. With the goal to
explore the mechanisms underlying the development of
hepatic steatosis in WD, a study examined the prevalence
of the PNPLA3 G variant in 98 patients with WD. The

Ann Transl Med 2021;9(17):1394 | https://dx.doi.org/10.21037/atm-21-2264
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cytoplasm: glassy
droplet inclusions

e Emperipolesis

Schroeder et al. Wilson disease and common liver diseases

G allele resulted to be an independent variable associated
with moderate to severe steatosis, in contrast with hepatic
copper content which was not associated with steatosis or
its severity in WD patients (64).

Another similarity between NAFLD and WD
histopathology is the high prevalence of GN, which
are vacuolated nuclei usually observed in periportal
hepatocytes (zone 1) (Figure 1A). GN represent a
significant area of overlap between NAFLD and WD
that has been noted in the literature as early as 1960
when two pathologists from Mount Sinai Medical Center
described “outstanding” glycogen degeneration nuclei
in WD (65). At that time, the high frequency with
which glycogen accumulation presented within hepatic
nuclei was considered similar to the one observed in
diabetes. More recently, a cohort study performed at the
University Hospital of Lausanne, Switzerland between
2004 and 2016 revealed that GN were present in almost
all WD cases, although with variability in the severity of
their presentation (17). However, the subtle differences
in histologic features do not provide adequate specificity
for differentiating WD from NASH, and hepatic
copper concentration is the most important and striking
difference. One study from Austria compared the hepatic
copper concentrations of 124 patients with NAFLD
to concentrations in patients with other chronic liver
diseases including chronic hepatitis C, hemochromatosis,
alcoholic liver disease, AIH, and in control subjects.
Hepatic copper concentrations in patients with NAFLD
were significantly lower than in control subjects and
in patients with other liver diseases. The average
concentration in NAFLD patients was 17.9£8.4 versus
31.4£8.2 pg/g in control subjects (P<0.001). The study
also demonstrated an inverse correlation between
hepatic copper content and the degree of steatosis. In
addition, the same study showed that rats maintained on
a copper-deficient diet developed hepatic steatosis and
insulin resistance, suggesting that low copper availability
may contribute to the pathogenesis of NAFLD (29).
Further studies including mitochondrial changes are
needed to understand the mechanisms underlying this
phenomenon. In summary, steatosis and GIN are common
in both NAFLD and WD. Subtle histologic features
(e.g., distribution and type of steatosis) may help point
to either NAFLD or WD, but are insufficiently specific.
Thus, interpretation within the clinical context and
quantitative copper testing are required for definitive
diagnosis.
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Figure 1 Liver histology of Wilson disease, non-alcoholic steatohepatitis, alcoholic steatohepatitis, and autoimmune hepatitis. (A-C) Wilson
disease. (A) Glycogenated nuclei, adjacent to a small portal tract. (B) Ballooning degeneration. (C) Striking anisonucleosis of hepatocytes. (D)
Non-alcoholic steatohepatitis. Numerous ballooned hepatocytes are present adjacent to the central venule, along with lobular inflammation.
(E) Alcoholic steatohepatitis. Prominent Mallory-Denk bodies (arrow) are present, as well as discrete foci of lobular injury and cholestasis.
(F) Autoimmune hepatitis. Prominent portal inflammation consisting predominantly of lymphocytes and plasma cells, with rare eosinophils
and neutrophils. Inflammation extends into the lobule (i.e., interface activity). A rare acidophil body is noted (top right). Sections are stained
with hematoxylin and eosin. Scale bar length is 50 pm in all quadrants, one size for quadrants A-E, different size for quadrant F. All images

were digitally scanned at 20x magnification.

Alcobol-associated liver disease centrilobular regions, but may extend toward the portal
triads and involve the entire lobule in severe disease
states (70). Lipid vacuoles occupy much of the hepatocyte
cytoplasm (i.e., large droplet fat), confining the nucleus
and other organelles to the periphery of the cell (71).
Macrovesicular steatosis in ALD may be associated with

scattered small collections of lymphocytes in the hepatic

The pattern of liver enzyme elevations in WD has
similarities with alcohol-related liver injury and is most
commonly seen in conditions associated with mitochondrial
damage. In both conditions, AST levels tend to be higher
than ALT with AST:ALT ratio greater than 2:1. AST or

ALT levels rarely exceed 300 IU/L (66). A higher ratio
further increases the likelihood of alcohol-associated
liver disease (ALD) (67,68). The first and most common
histopathologic change seen in ALD is steatosis (69).

This is usually macrovesicular and more prominent in

© Annals of Translational Medicine. All rights reserved.

lobule, potentially indicating emerging steatohepatitis. This
type of mild inflammation is similar to lesions identified in
previously designated NAFLD type 2, as well as previously
described lymphocytic infiltration in WD (58). Hepatocytes

may contain megamitochondria, visible on hematoxylin
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and eosin-stained sections as ovoid or rounded eosinophilic
cytoplasmic inclusions measuring between 2 to 10 pm
(72-74), as also seen in WD (75) and NAFLD (76), and
are therefore not specific for alcoholic liver injury. These
histologic findings are non-specific and do not distinguish
alcohol-associated liver disease from WD.

With persistent alcohol use, steatosis can progress
to steatohepatitis (SH) (77,78). Generally, SH affects
perivenular regions in its earliest stage (79). Histopathologic
findings include steatosis, hepatocellular ballooning,
inflammation consisting of neutrophilic and/or lymphocytic
infiltrates, intracytoplasmic Mallory-Denk bodies (MDB),
and fibrosis with a perivenular, perisinusoidal, and
pericellular disposition (Figure 1E). MDB are cytoplasmic
hyaline inclusions within hepatocytes with a predominantly
filamentous ultrastructure that were first described in
1911 in association with ALD. They are characteristically
associated with ALD and NASH, but are also found in a
variety of other liver diseases including chronic cholestasis
(especially due to primary biliary cholangitis), certain types
of drug induced liver injury (e.g., amiodarone toxicity),
alpha 1 antitrypsin deficiency, idiopathic copper toxicosis,
and hepatic focal nodular hyperplasia (80,81). MDB are
also seen in up to 50% of WD patients (82). Inflammation
in ASH is typically neutrophil-rich, in contrast to WD
which has a lymphocytic predominant pattern. Mild portal
lymphocytic infiltrates may be present in some cases of
ASH but are less common. Perivenular and perisinusoidal
fibrosis are characteristic features of both alcohol-related
and non-alcohol related steatohepatitis. Hepatic necrosis and
inflammation are activators of perisinusoidal stellate cells,
which initiate fibrogenesis to create a “chicken-wire” or
“spider-like” pattern of fibrosis in centrilobular regions (71).
Diffuse hepatocellular ballooning and cholestasis in the
setting of cirrhosis is often seen in acute liver failure due
to ALD. In general, abundant neutrophils and MDB are
features that would favor alcohol-associated liver disease,
whereas substantial macrovesicular steatosis and lymphocytic
infiltrates would be more suggestive of WD or NAFLD.

Autoimmune bepatitis

AIH can present with mild, moderate or marked
(>1,000 TU/L) increase in aminotransferase levels (83).
Patients often develop a chronic hepatitis picture with
persistent elevation of transaminase levels. Less commonly,
AIH can manifest with concomitant cholestasis with high
levels of conjugated bilirubin and alkaline phosphatase (84).

© Annals of Translational Medicine. All rights reserved.
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ATH is included in the differential diagnosis of WD both in
the early and later stages. In addition, WD can also present
with similarly elevated immunoglobulins and autoantibodies
(85,86). AIH histology is characterized by the presence
of interface hepatitis (with necrosis of hepatocytes at the
interface of hepatic parenchyma and the periportal zone),
portal lymphocyte and plasma cell infiltration, hepatocyte
rosette formation, and emperipolesis (Figure 1F).
Pre-treatment liver biopsies in patients with AIH reveal
histological features of both acute and chronic hepatitis
with accompanying various degrees of fibrosis. The most
prominent features are centrilobular necrosis/inflammation,
interface hepatitis, plasma cell infiltration, emperipolesis,
pigmented macrophages, cobblestone appearance of
hepatocytes and perivenular necroinflammatory activity
(87,88). WD liver pathology can have features that are
indistinguishable from acute and chronic AIH. In both
WD and AIH, inflammatory infiltrates can extend from
the portal tract into the lobule, with accompanying active
interface hepatitis. Inflammation may be also seen scattered
throughout the lobule, leading to damage and necrosis
of small groups of hepatocytes. Both portal and lobular
hepatitis can coexist. Interestingly, case reports indicate
the histological features of WD at diagnosis can resemble
those of AIH (86) or WD can co-exist with ATH (89). The
differential diagnosis between WD and AITH remains among
the most challenging especially in the acute setting and has
implications for treatment choices and liver transplantation
evaluation. Hepatic copper quantification is an important
parameter when distinguishing the two entities, as normal
copper hepatic levels would at least argue against WD.
Moreover, it is reasonable to consider diagnostic assessment
of WD in cases of AIH that are partially responsive or non-
responsive to immunosuppression.

Liver histology progression

The natural history of liver damage in WD is not well
known as all long-term follow up studies describe the
evolution of histological parameters of liver disease while
on anti-copper treatment, and no reports exist on the true
natural history of untreated WD. It is evident that the
natural history of WD liver pathology can be modified
by treatment, although the response to treatment is
variable and not predictable (90,91). A study of 12 WD
patients who underwent serial liver biopsies described the
progression of liver fibrosis, inflammation, and steatosis
over a mean follow up of 5 years (range, 1-12 years).
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Patients were treated with penicillamine or zinc. The
estimated rate of hepatic fibrosis progression was of
0 unit of fibrosis stage (04 stage scale) in the time between
the first and the second follow up liver biopsy and 0.25 unit
of fibrosis stage in the time between the second and third
liver biopsy. Overall, half of the patients did not manifest
histological progression while the remaining half had
progression of fibrosis. However, this difference could be
confounded by selection bias. Biopsies were performed
only when clinically indicated and when patients failed
to appropriately respond to medical therapy, with likely
inclusion of patients in worse clinical conditions. Multiple
other studies have shown variable improvement of
steatosis, inflammation grade (92), and the fibrosis stage
(90,93) of WD livers during long-term follow-up after
treatment with chelating agents and/or zinc salts. A study
from Italy described 40 patients who underwent a liver
biopsy at baseline and at least one second liver biopsy
over more than 20 years of follow up (94). Eighty-three
percent of patients presented stable or improved liver
fibrosis, and the remaining presented worsened histology
with no correlation between histological findings and type
of treatment or liver enzymes. A study on a group of 22
pediatric subjects, all treated with zinc sulfate, showed
improvement in parameters of inflammation, steatosis, and
fibrosis over 10 years of follow-up (92). Askari ez 4/. studied
the combination treatment with zinc and trientine in 3
WD patients with cirrhosis. In one case, cirrhosis improved
to stage 1 fibrosis, whereas the other 2 cases were stable
or slightly improved to stage 3 (90). Given the variability
of liver histology description and scoring, it is difficult to
draw strong conclusions on the effects of the anti-copper
treatments of histological parameters and long-term studies
utilizing uniform criteria are needed.

Features of hepatic involvement in WD
Hepatic malignancies

Hepatic malignancies, and in particular hepatocellular
carcinoma (HCC) and cholangiocarcinoma (CC), are
frequent complications of liver diseases, both with and
without cirrhosis. However, there is mixed evidence on
the risk of HCC in WD, regardless of the presence of
advanced stage of fibrosis. The two types of malignant
hepatobiliary tumors that have been documented in
WD are HCC and CC. The prevalence of hepatobiliary
malignancies in patients with WD is 1.2% and the

© Annals of Translational Medicine. All rights reserved.
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incidence is 28/100,000. In the largest published series
involving 1,186 WD patients, 14 were found to have
hepatobiliary malignancies. Eight patients had HCC and
six had intrahepatic CC (95). A large retrospective study of
211 WD patients from Hong Kong showed that three of
the ones with liver involvement also developed HCC (96).
Although HCC is uncommon in cirrhosis related to WD,
7% of cases in a Saudi Arabian cohort also presented a
diagnosis of HCC (97). A study gathering data from three
Dutch hospitals and 130 patients with WD, 57% of which
had cirrhosis, followed for a median follow up of 15 years,
indicated that there is no increased risk of HCC in cirrhosis
with an estimated annual HCC risk for all patients of
0.09% (98). However, these studies are limited by their
retrospective design. Patients who were lost to follow up
may have developed hepatobiliary malignancy that was
not captured, and those who died of natural causes may
have had undiagnosed malignancies. Case reports also aid
in the characterization of HCC features in WD (99) but
ultimately no firm conclusions can be drawn on the risk of
malignancy in WD. It is believed that cirrhosis in WD leads
to neoplastic transformation through a mechanism similar
to that of viral or alcoholic cirrhosis (100-102). CC has
been reported less frequently than HCC in WD patients.
It is exceedingly rare and to date only a few cases have been
described (103,104). CC in WD patients is predominantly
intrahepatic, peripheral, and mass-forming tumors, but
more diffuse and infiltrative forms have been reported. CC
can also be diagnosed during continuous, long term anti-
copper treatment (104). In approximately 50% of patients
with WD, liver nodules may be identified on imaging,
the majority of which are benign. Regenerative nodules,
siderotic nodules, focal steatosis or nodular fatty infiltration,
pseudotumor honeycomb pattern (multiple nodules), and
dysplastic nodules have been previously documented (105).

Acute liver failure

Acute liver failure is a frequently described presentation
of WD (also named “Wilsonian” liver failure) and it
has features that differentiate it from other etiologies.
In particular, it is characterized by higher prevalence in
female patients, Coombs-negative hemolytic anemia,
coagulopathy, AST increase that might be relatively modest,
and normal or low alkaline phosphatase levels (106).
One study in WD cases of acute liver failure found that a
ratio of ALT to AST of more than 2.2 had a sensitivity of
94% and a specificity of 86%, whereas alkaline phosphatase
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to total bilirubin ratio of less than 4 was found to have a
sensitivity of 94% and a specificity of 96% (107) for the
diagnosis of WD. A characteristic feature of Wilsonian
acute liver failure is the high mortality without liver
transplant with rare described cases of survival without liver
transplant (16,108,109). Plasmapheresis/plasma exchange
has been implemented as a bridge to the transplant with
promising results (110-112).

Ultrastructural bepatic changes

Some ultrastructural hepatic changes are characteristic of
WD, although they are not pathognomonic and can be
identified in other etiologies of liver disease, particularly
those associated with hepatic copper accumulation. Electron
microscope examination can identify mitochondrial and
lysosomal changes that have been described in the early
phases of liver damage and hepatic copper accumulation
both in humans and in animal models of WD (75). Well
described morphological alterations of the mitochondria
include organelle enlargement, separated outer and inner
membranes, and cristae dilatations (10,75,113-115). In
addition, electron dense lysosomes, believed to be the sites
of copper accumulation, have been reported (116). Nuclei
are also frequently involved, with disorganization of the
nucleoplasm and glycogen inclusions (117).

Summary

WD represents a diagnostic challenge and ultimately
cases are often overlooked with consequent diagnostic
delays. This rare disease presents many clinical and liver
histological features that are also observed in common liver
diseases. In addition, WD can co-exist with other liver
diseases, including NAFLD, alcohol-associated liver disease
and AIH. The above is an overview of WD clinical and
histopathologic presentation with particular focus on its
differential diagnosis.
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