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Iron and Copper Liver Concentrations in Wilson Disease
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ABSTRACT

Background & Aims: Wilson disease (WD) results in the defective incorporation of copper into ceruloplasmin
as well as decreased biliary copper excretion. Secondary iron overload has also been associated with WD;
however, the prevalence is currently unknown. This study aims to determine the prevalence of potential
secondary iron overload in patients suspected to have WD. The secondary aim was to determine whether
common laboratory tests were associated with liver copper concentrations or the need for liver transplantation
in a subset of patients with confirmed WD.

Methods: Using our institution’s laboratory information system, 197 patients with liver copper concentrations
> 250 mcg/g were identified who also had a concurrent liver iron concentration available. Correlations between
copper, iron, and hepatic iron index were performed by log-transforming the data and then using the Pearson
method. Furthermore, in a subpopulation of ten patients clinically confirmed to have WD, various laboratory
test values were evaluated to determine associations with liver copper concentration or liver transplantation.
Results: There was no significant association between copper and iron liver tissue concentrations (p=0.84).
However, 13 (8%) patients aged 13 or older had a hepatic iron index >1.0 which may indicate secondary iron
overload. Furthermore, in clinically confirmed WD patients, hemoglobin and hematocrit were inversely
associated with liver copper concentrations (p=0.036).

Conclusions: Iron overload can be detected in liver tissues with elevated copper concentrations characteristic
of WD Furthermore, in WD, low hemoglobin and hematocrit values were associated with elevated liver
copper concentration. Clinicians should consider the possibility of secondary iron overload and/or anemia
in patients with WD.

Key words: Wilson disease — copper — iron — secondary iron overload.

Abbreviations: AFP: alpha-fetoprotein; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; Hb: hemoglobin; HII: hepatic iron index; RBC: red blood cell; WD: Wilson disease.

INTRODUCTION

Clinical presentations include hepatic and neuropsychiatric
manifestations [1-3]. In severe cases, it may present

Wilson disease (WD) is an
autosomal recessive hereditary
disorder that results from
pathogenic variants in ATP7B
leading to impaired copper
elimination [1]. Deficiency of
ATP7B protein results in both
the defective incorporation of
copper into ceruloplasmin and
decreased copper excretion into
the bile, ultimately leading to
copper accumulation in the
liver and other organs [1, 2].

with decompensated hepatic failure necessitating urgent
liver transplantation [4]. Diagnostic evaluation includes
measurement of ceruloplasmin, 24-hour urine copper
collection, hepatic copper quantification on liver biopsy, slit
lamp examination for assessment of Kayser Fleischer rings or
sunflower cataracts, and genetic testing for variants in ATP7B
[2]. Low serum ceruloplasmin levels (<200 mg/L) are present
in 95% of affected patients [5]. 24-hour urine copper excretion
increases, serum copper is low, and hepatic aminotransferases
(e.g. aspartate aminotransferase and alanine aminotransferase)
are traditionally elevated in WD [2]. In addition, liver tissue
copper is often elevated with copper values of 250-1000 mcg/g
dry weight being suggestive of possible WD and a value > 1000
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mcg/g dry weight being strongly suggestive of WD [6]. Clinical
scores and diagnostic algorithms are available to navigate the
investigative journey [1, 2].

The clinical consequences of reduced ceruloplasmin in
WD are two-fold. First, ceruloplasmin is thought to bind
around 95% of copper found in blood plasma making it
essential for copper transport throughout the body [7]. With
reduced ceruloplasmin, copper excretion and transport are
limited. This can lead to copper accumulation in the liver and
result in progressive hepatic injury. Second, copper loaded
ceruloplasmin (holoceruloplasmin) is necessary for proper
ferroxidation. Ferroxidation is the process by which an electron
is removed from ferrous iron (Fe?') to make ferric iron (Fe*)
[8]. In humans, only ferric iron is loaded onto transferrin,
the major iron transport protein [8]. Thus, if there are low
levels of holoceruloplasmin, as is commonly seen in WD,
ferroxidation and iron transportation are disrupted. This can
result in decreased circulating iron as well as increased iron
stores and accumulation of iron in organs [8]. Accumulation of
iron in organs is known as iron overload or hemochromatosis.
Hereditary hemochromatosis is caused by variants in the
gene HFE that result in accumulation of iron in organs such
as the liver and heart [9, 10]. However, there are numerous
conditions, including WD, that are thought to cause secondary
iron overload which can result in similar symptoms to
hereditary hemochromatosis [8, 9]. Currently, the prevalence
of secondary iron overload in patients with WD is unknown
and monitoring of iron is often not considered a part of routine
screening in patients with WD [8].

Our clinical laboratory routinely measures copper and
iron in liver tissue, providing this service for our institution
and other hospitals worldwide. The availability of laboratory
results enabled us to investigate the associations between liver
copper concentrations and possible secondary iron overload in
suspected and confirmed patients with WD. By analyzing liver
biopsy copper and iron concentrations, our primary goal was
to investigate whether associations exist between liver copper
concentrations and liver iron concentrations in patients with
suspected WD. Secondarily, by analyzing a subset of tissue
samples from patients with complete medical records and a
clinical diagnosis of WD, we aimed to determine whether
copper and iron liver tissue levels are associated with liver
transplantation as an outcome. Finally, in patients confirmed
to have WD, we aimed to investigate possible relationships
between commonly ordered laboratory test values, liver copper
concentrations and liver transplantation, to determine whether
any common laboratory values help predict liver copper
concentrations or the need for liver transplantation.

METHODS

Patient Sample Selection and Data Retrieval

This study was approved by our institution’s Institutional
Review Board as a minimal risk study (IRB # 21-011601).

We identified 197 unique liver biopsy samples analyzed
between June 2012 and January 2023 that had a copper liver
tissue value of > 250 mcg/g dry tissue, which is suggestive
of WD, by querying our laboratory information system.
Additionally, all 197 liver biopsy samples had iron liver tissue
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concentration values and an associated age and gender. Since
age and iron concentration were available for each patient, the
hepatic iron index (mcmol/g/yr of age) could be calculated by
dividing the iron liver biopsy result (mcg/g) by 56 (molecular
weight of iron) and dividing this result by the age of the
patient. The hepatic iron index would be calculated for liver
biopsy samples acquired from patients 13 years of age or
older as it is not recommended to calculate the hepatic iron
index on biopsy samples acquired from patients less than 13
years of age.

Of these 197 liver biopsy samples, ten liver biopsy tissue
samples were from patients seen at our institution who were
confirmed to have WD by clinical criteria according to their
medical record. The electronic medical record was used
to confirm the diagnosis of WD, evaluate the laboratory
tests performed during the diagnosis and treatment of WD
and determine whether and when they underwent liver
transplantation.

Laboratory Test Selection

The following clinical laboratory test values were extracted
from the electronic medical record of the confirmed WD
patients (n=10). These laboratory tests were selected because
they may be ordered in the investigation or monitoring of
suspected WD or other liver disorders. All laboratory test
values preceded the liver transplant if there was indeed a
transplant. Additionally, all laboratory values used for this
study were acquired within 30 days of the liver biopsy. The
laboratory tests used in these analyses and the established
reference ranges are detailed in the Supplementary file and are
further discussed below.

A copper liver tissue concentration of 250-1000 mcg/g
dry weight is suggestive of possible WD. Furthermore, a
copper liver tissue concentration of > 1000 mcg/g dry weight
is strongly suggestive of WD [6]. Hepatic iron concentrations
3000-10,000 mcg/g dry weight are seen in mild to moderate
iron overload [11]. As iron accumulates in the liver normally
with aging, the hepatic iron index (HII) was also calculated
for each liver tissue sample. The normal range is less than 1.0
and patients heterozygous for HFE variants often have an HII
ranging from 1.0 to 1.9 [12].

Ferritin concentrations are directly proportional to total
iron stores in the body, thus are useful in the evaluation of
iron status. Patients with iron deficiency anemia usually have
serum ferritin concentrations lower than healthy subjects while
patients with iron overload have serum ferritin concentrations
much higher than normal [13, 14].

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in plasma are useful for the diagnosis
and monitoring of liver disease associated with hepatocyte
necrosis [15]. Alpha-fetoprotein (AFP) is a tumor marker that
aids in the diagnosis of hepatocellular carcinoma [16]. Alkaline
phosphatase (ALP) in plasma can be used in the diagnosis of
hepatobiliary disease and ALP is often greatly increased in
extrahepatic obstruction [15]. Bilirubin is a frequently used test
to assess liver function and is used to evaluate a wide range of
diseases affecting various stages of bilirubin metabolism [15].

The red blood cell (RBC) count, hemoglobin (Hb) and
hematocrit are commonly ordered laboratory tests that are
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used as a screening tool to confirm a hematologic disorder
and to establish or rule out a diagnosis [15].

Statistical Analysis

Summary statistics of continuous test results were reported
as medians, with either range or interquartile range as specified.
Comparisons of continuous data were made using the
nonparametric Wilcoxon rank-sum test. Correlations between
copper, iron, and HII were performed by log-transforming the
data to adjust for right-skewness, and then using the Pearson
method. All analysis was performed using R statistical software,
version 4.2.2.

RESULTS

Liver Biopsy Sample Population

In this population of 197 liver biopsy samples, the median
age of the patient at time of biopsy was 24 years of age (range
0-68). Ninety-one (46.2%) biopsy samples were from females
and 106 (53.8%) were from males. As is shown in Fig 1, when
comparing the copper liver tissue mcg/g to the iron liver
tissue -mcg/g, there was no significant correlation (Pearson
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Fig. 1. (Top) Copper liver biopsy concentration vs iron liver biopsy
concentration. (Bottom) Copper liver biopsy concentration vs hepatic
iron index.

correlation coefficient = -0.015; p=0.84) between copper
and iron liver tissue concentrations in the study population.
Because it is not common to report HII on children < 13
years of age, we also compared copper liver tissue to the HII
after removing patients < 13 years of age. Again, there was no
significant correlation between liver copper concentration and
HII (Pearson correlation coefficient = 0.040; p=0.62). However,
four patients in this study population had an iron concentration
> 3000 mcg/g which is indicative of iron overload. Additionally,
13 patients aged 13 or older in this sample population had a
HII > 1.0 and three of these patients had a HII > 1.9 which
may indicate secondary iron overload.

When iron liver tissue concentrations were stratified by
gender, the median iron concentration was significantly higher
(p<0.001) in males (387.5 mcg/g, IQR=232.3-849.5) vs females
(196.0 mcg/g, IQR=118.0-597.5)). Furthermore, as a function of
age and gender (Fig. 2), iron levels increase in the liver in males
with age (Pearson correlation coefficient 0.231; p=0.017), however
the correlation is not as strong in females (Pearson correlation
coefficient = 0.094; p=0.38). To avoid selection bias, we did not
compare copper liver tissue values by gender or test by gender
and age, since patients were selected based on their copper values.
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Fig. 2. Age vs iron liver biopsy concentration in males and females.

Next, we analyzed median iron concentration by copper
level, dividing the population into ‘suggestive of WD’ (250-
1000 mcg/g) and ‘strongly suggestive of WD’ (= 1000 mcg/g),
and found no significant difference (376.0 vs 338.0, p=0.92).
Interestingly, (Fig. 3) although median iron concentration
was not significantly different between the groups, 10 patients
(13.2%) had a HII >1 in the > 1000 mcg/g copper group,
whereas only 3 (3.7%) had a HII greater that 1 in the 250-1000
mcg/g copper group (p=0.041).

Confirmed WD Population

Ten patients had a confirmed clinical diagnosis of WD.
Clinical characteristics of these patients are summarized in
Table I. The median age of the patient at time of liver biopsy was
21.5 years (range 16.75-33.25). Six (60%) liver biopsy samples
were from females and four (40%) liver biopsy samples were
from males. Three (30%) of these patients had a liver transplant.
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Fig. 3. Boxplots of hepatic iron index values in patients with a copper
liver biopsy concentration between 250-1000 mcg/g and with copper

Of the ten patients with WD, six had a liver copper
concentration between 250-1000 mcg/g. The remaining
four patients had a liver tissue copper concentration of >
1000 mcg/g. As is shown in Fig. 4, the median liver iron
concentration was 1386 mcg/g in patients with > 1000 mcg/g
copper and was 470 mcg/g in patients with 250-1000 mcg/g
copper (p=0.29). Furthermore, the three patients who went
on to have a liver transplant had some of the highest copper
and iron liver biopsy concentrations within this population.

Four of the patients with WD had ferritin measured. Three
patients had a liver copper concentration of 250-1000 mcg/g
and ferritin values of 65, 169, and 442 mcg/L. One patient with
a copper liver biopsy value of > 1000 mcg/g had a ferritin of 2
mcg/L which is below the reference range.

Varying numbers of patients had ALT, AST, AFP and ALP
measured during the clinical WD workup. Five out of seven
patients with available ALT and AST lab values had elevated
ALT and AST values. Two patients had an AFP ordered and
both had elevated AFP values. Of six patients with available
ALP lab values, one had elevated ALP. Of note, the patient
with the highest ALT and AST values went on to have a liver

liver biopsy concentrations > 1000 mcg/g. transplant.
Table 1. Characteristics of 10 confirmed Wilson disease (WD) patients
Patient” Age at Duration Biopsy for Blood Genetic  Liver Biopsy Result Hepatic Copper
Diagnosis ~ of Disease ~ Diagnosis or Transfusions Testing Content
prior to Monitoring prior to Biopsy ~ Performed
Liver Biopsy
1 18 50 years Monitoring Multiple RBC No Cirrhosis with moderately active chronic 773 mcg/g of dry
transfusion >1 hepatitis, consistent with WD. weight
month after
biopsy date
2 16 ~1 year Diagnosis No Yes Panacinar hepatitis, mild steatosis, and increased hepatic
WD copper consistent
with v
3 6 15 years Monitoring No Yes Bridging fibrosis with histologic features 882 mcg/g of dry
consistent with patient’s diagnosis of WD weight
4 12 N/A Diagnosis No Yes Mildly active (grade 1 of 3) steatohepatitis 749 mcg/g of dry
and elevated hepatic copper content weight
5 21 N/A Monitoring No No Histologic features of WD, including 30% 276 mcg/g of dry
macrovesicular steatosis, conspicuous weight
ballooning hepatocytes, and increased
periportal copper deposition
6 10 <1 Diagnosis No Yes Mild nonspecific portal inflammation 285 mcg/g of dry
with focal ductal and ductular weight
proliferation; patchy mild portal fibrosis
and elevated hepatic copper content
7 7 12 Monitoring No Yes Hepatic parenchyma with rare 1278 mcg/g of dry
macrovesicular steatosis (<5%). weight
8 Related N/A Monitoring No Yes Inactive cirrhosis, morphologically 7641 mcg/g of dry
to WD, cryptogenic weight
but not
confirmed
9 54 N/A Diagnosis Yes, post liver Yes Severe active steatohepatitis with bridging 2526 mcg/g of dry
transplant fibrosis and very elevated hepatic copper weight
content suggestive of WD.
10 19 N/A Diagnosis Yes, post liver Yes Established cirrhosis (stage 4 of 4) with 1200 mcg/g of dry
transplant marked copper deposition, confluent weight

areas of hepatocyte necrosis, and features
of steatohepatitis, suggestive of WD
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Fig. 1. Iron liver biopsy concentrations in clinically confirmed WD
patients with a copper liver biopsy between 250-1000 mcg/g and >
1000 mcg/g.

Eight of ten patients with WD had a bilirubin result
available. As shown in Fig. 5, of the five patients with a
copper liver concentration between 250-1000 mcg/g, all 5
had normal bilirubin. Of the three patients with a copper liver
concentration > 1000 mcg/g, all three had elevated bilirubin
levels. It should also be noted that the two patients with the
highest bilirubin levels went on to have a liver transplant.

Eight patients with WD had red blood cell, Hb and
hematocrit values available in the medical record. Three of
eight WD patients had low RBC values. As shown in Fig. 6, the
two patients with copper > 1000 mcg/g had Hb measured and
exhibited low Hb for their age and sex, while all six patients
with a copper between 250-1000 mcg/g had normal Hb values
(p=0.036). The same relationship held true for hematocrit
(p=0.036).

DISCUSSION

In our population of 197 liver biopsy samples with a copper
concentration > 250 mcg/g, there was no significant association
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Fig. 5. Bilirubin concentrations in clinically confirmed WD patients
with a copper liver biopsy between 250-1000 mcg/g and > 1000 mcg/g.

164

124 Ao

Hemoglobin (g/dL)

®  No Transplant

A Transplant

250-1000 >1000

Copper (mcg/g)

501
oo

45+

40+

Hematocrit (%)
| 4

304

®  No Transplant

L]
A Transplant

25+

250-1000 >1000

Copper (mcg/g)

Fig. 6. (Top) Hemoglobin concentrations in clinically confirmed WD
patients with a copper liver biopsy between 250-1000 mcg/g and >
1000 mcg/g. (Bottom) Hematocrit values in clinically confirmed WD
patients with a copper liver biopsy between 250-1000 mcg/g and >
1000 mcg/g.

between copper and iron levels in the liver. However, as shown
in Fig. 3, 8% had a HII > 1.0. Additionally, in our subset of
patients confirmed to have WD, one patient had a HII greater
than 1.9 which is indicative of iron overload [12]. These
findings are consistent with previous reports by other groups
that have identified iron overload in WD patients [8, 17, 18].
As recommended by Pak et al. [8], it may be appropriate to
monitor iron indices in patients with WD on a regular basis.
Furthermore, treating physicians should also consider ordering
liver iron levels at the same time as liver copper levels to assess
for iron overload.

In the 197 liver biopsy samples, males had significantly
higher liver iron 387.5 mcg/g (232.3-849.5) than females
196.0 mcg/g (118.0-597.5), p<0.001. Though not statistically
significant, this same trend appears to be true in the confirmed
WD subset. Males present with iron overload more often
than females and have a higher incidence of liver injury
[19]. Additionally, it is thought that women may have lower
iron concentrations due to blood loss experienced with
menstruation [19]. Due to selection bias concerns, we could
not determine whether gender differences also existed related
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to copper liver tissue concentrations in this population. Future
research into iron and copper liver tissue concentrations and
rates of liver failure as relates to gender should be investigated.

When evaluating bilirubin and liver copper concentrations,
there appears to be an association between elevated liver copper
concentrations and elevated bilirubin concentrations (Fig. 5).
As bilirubin is used to assess liver function, it may be a suitable
indicator of liver failure in WD patients. The two patients with
the highest bilirubin levels had the highest liver copper values.
This potential association should be further studied in a much
larger population of clinically diagnosed WD patients without
and without liver transplant.

Perhaps the most interesting findings from the WD
diagnosed patient population was the negative association
between Hb and hematocrit and liver copper concentrations.
Patients with a copper liver tissue concentration > 1000 mcg/g
seemed to have significantly lower hematocrit and Hb in our
clinically diagnosed WD population. Hemolytic anemia has
been documented in patients with WD [20-22]. Additionally,
anemia in patients with copper deficiency has also been
documented [23]. Furthermore, severe hemolysis and hepatic
decompensation can occur together in WD which can be
fatal if not treated [24]. Interestingly, in one study by Attri
et al. [21], elevated levels of non-ceruloplasmin copper were
found in all WD patients during episodes of hemolytic anemia
[21]. Thus, it is an intriguing possibility that monitoring of
hemoglobin and/or hematocrit could be an easy laboratory
assay to monitor the progression of WD as well as potential
liver decompensation in patients with WD and as a possible
indication for liver transplant.

There are several limitations to our study. First, for the
primary dataset of 197 copper and iron liver tissue biopsies,
our group did not have access to the clinical information or
medical records for every sample. While having a copper liver
tissue concentration of > 250 mcg/g is suggestive of WD and
a copper liver tissue of > 1000 mcg/g is strongly suggestive of
WD, it is certainly not a standalone diagnostic test of WD.
Therefore, these liver tissue biopsy samples could be from
potential confounding cholestatic liver diseases such as primary
sclerosing cholangitis and primary biliary cirrhosis [2]. When
evaluating data from the subset of patients with a confirmed
clinical diagnosis of WD (n=10), caution should be taken when
considering correlations associated with the data as the total
number of patients is very small. As WD is a relatively rare
disorder, these same analyses should be further investigated
at institutions that are WD “centers of excellence” where the
number of patients with confirmed WD is more plentiful.

CONCLUSION

Our findings suggest that secondary iron overload may
occur in patients with liver biopsy copper concentrations
suggestive of WD. In this study population, 8% of patients
with a liver biopsy copper concentrations > 250 mcg/g dry
weight had a HII greater than 1. Furthermore, one out of ten
patients (10%) in our analysis with confirmed diagnosis of WD
had a hepatic iron index greater than 1.9. These findings may
warrant clinicians to regularly monitor not only copper and
copper binding proteins, such as ceruloplasmin, in patients
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with WD, but also regularly monitor iron indices as well. Iron
levels may be important prognostic indicators in WD, however
more research is required to determine its utility.

Furthermore, the analysis of various common laboratory
values in patients with confirmed WD indicated bilirubin,
Hb and hematocrit may be associated with liver copper
biopsy concentrations and may indicate the outcome of liver
transplant. The sample size of this population, however, is
relatively small and should be confirmed in a larger WD
population.
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