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Proteinuria and other renal functions in Wilson’s disease

Emine Sözeri, Dietrich Feist, Hans Ruder, and Karl Schärer
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Abstract. Renal lesions have repeatedly been described in
Wilson’s disease (WD). We investigated the excretion of
total protein, albumin, low (LMW) and high molecular
weight (HMW) proteins, N-acetyl-β-D-glucosaminidase
(NAG), and calcium, as well as creatinine clearance, in
24-h urine samples of 41 patients with WD aged 6–37
(mean 17) years who had been treated for a period of 0–15
(mean 4.5) years withD-penicillamine (900 mg/day). The
amount of all protein excreted was significantly increased
compared with controls, 39% of patients presenting with
total proteinuria more than two standard deviations from
the mean of controls. The changes in protein excretion
depended on the duration of treatment. LMW proteinuria
was elevated almost exclusively in the first 2 years after the
start of treatment, indicating early tubular damage. This is
supported by an initially high excretion ofβ2-microglobu-
lin, NAG, and calcium. Increased excretion of HMW pro-
teins, including albumin, persisted over longer periods,
which suggests glomerular injury in some patients, possibly
related to the use ofD-penicillamine. Creatinine clearance
remained roughly within normal limits. We propose that
renal function should regularly be checked in patients
with WD.

Key words: Wilson’s disease – Hepatolenticular degenera-
tion – Proteinuria – Tubular disorder – Calciuria – Copper
metabolism

Introduction

Wilson’s disease (WD) or hepatolenticular degeneration is
an autosomal recessive error of copper metabolism trans-
mitted on chromosome 13 [1, 2]. It is generally accepted

that the clinical and pathological manifestations of WD are
due to an excessive accumulation of copper in liver, brain,
cornea, kidneys, and other tissues. Renal symptoms are a
presenting feature in only about 1% of patients [3], usually
as renal insufficiency with fulminant hepatic failure and
hemolysis [2]. Several studies have demonstrated that
minor alterations in renal function and morphology are
common in untreated patients with WD [4, 5]. However,
only one study has comprehensively assessed tubular and
glomerular function in untreated and treated patients with
WD [6]. Proteinuria has rarely been investigated in detail
[6, 7].

In 1956 Walshe introduced penicillamine in the treat-
ment of WD. By its cupriuretic action, this drug is able to
deplete body copper stores and to alleviate the clinical
manifestations of WD. Concomitantly, glomerular and
tubular functions normalize or are at least improved [6, 8,
9]. In rare cases, however, penicillamine may have a
nephrotoxic action in WD [10], although this effect has
mainly been described in other disorders such as rheuma-
toid arthritis [11].

The aim of the present study was to investigate selected
glomerular and tubular functions in young patients with
WD treated withD-penicillamine for up to 15 years. As
indices we used, besides glomerular filtration rate (GFR),
the excretion of low (LMW) and high molecular weight
(HMW) proteins,N-acetyl-β-D-glucosaminidase (NAG) as
a marker enzyme of tubular function, and calciuria. In some
patients the tests were repeated to study individual long-
term changes.

Patients and methods

From 1969 to 1994 we observed 105 patients fulfilling the criteria of
WD as the most frequent non-viral chronic liver disease in children
[12, 13]. Only 4 of these showed overt renal disease: (1) a 14-year-old
girl who 8 months after the start ofD-penicillamine treatment devel-
oped nephrotic syndrome, macroscopic hematuria, hypertension, and
renal failure (serum creatinine up to 3.7 g/dl), associated with a palmar
rash, anemia, and thrombocytopenia; renal biopsy revealed diffuse
mesangioproliferative glomerulonephritis with mesangial and periph-
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eral IgM and complement deposits; after withdrawal ofD-penicilla-
mine and replacement by zinc therapy and transient administration of
prednisone, all renal symptoms except microhematuria disappeared 9
months after the acute episode; (2) a 12-year-old girl presenting with
proteinuria and microscopic hematuria who was lost to follow-up; (3) a
young adult man with isolated persistent proteinuria over many years
(around 1 g/dl per 24 h) and normal renal function; (4) a boy admitted
for acute hemolysis, liver and renal failure who died within a few days
despite intensive treatment. All these patients were excluded from the
investigation described below.

Forty-one patients (21 females) were available for the present
study. The main presenting symptoms were chronic hepatitis (15
cases), liver cirrhosis (6), neurological manifestations (6), hemolysis
(1), and hemorrhage (1); 12 patients were in a presymptomatic stage.
None of 41 patients had renal disease. The mean age at the time of
diagnosis was 13 (range 4–31) years; 5 patients were over 20 years.
All patients were treated withD-penicillamine from the time of
diagnosis at a uniform dose of 300 mg/day, given three times daily,
independent of body size. The duration ofD-penicillamine treatment
was up to 1 year in 14 patients, 1–2 years in 5 patients, 2–5 years in 5
patients, 5–10 years in 15 patients, and410 years in 2 patients (mean
4.5 years).

At the time of the present investigation the mean age was 17 (range
6–37) years. Serum creatinine was always in the normal range. In all
patients at least one 24-h urine specimen was collected and stored
at –20° C for determination of different proteins, NAG, calcium, and
creatinine clearance (CCr). In 10 patients the investigation was repeated
after 3 months to 12 years. The proteinuria and enzymuria were
compared with 80 controls (43 females) aged 6–18 (mean 10) years
[14]. Coomassie brilliant blue (Biorad) was used to measure total
protein [15]. For determination of LMW and HMW proteins, we used
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) after concentration of the urine by dialysis [16, 17]. We used
0.48-mm-thick slab gels with an exponential polyacrylamide gradient
from 4.0% to 22.5%, according to Goerg et al. [16], and the Laemmli
buffer system. The gels were stained with Serva blue G 250 (Serva,
Heidelberg, Germany) and evaluated semi-quantitatively by densito-
metry using an Ultrascan laser densitometer and a recording integrator
(LKB, Munich, Germany). This procedure allowed separation of LMW
proteins, HMW proteins, and the albumin fraction, expressed as a

percentage of the total urinary protein. Albumin was also determined
by radioimmunoassay (Pharmacia),β2-microglobulin by enzyme-
linked immunosorbent assay (Pharmacia), and NAG by a colorimetric
method. Calcium and creatinine were measured by standard methods.

Statistics.Fisher’s exact test was used for assessing the significance of
differences in proteinuria and NAG excretion between patients and
controls.

Results

The total protein, albumin, LMW and HMW proteins, and
β2-microglobulin excreted in urine was about 2–3 times
higher in patients than in controls (Table 1). Total protein
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Fig. 1. Urinary excretion of low molecular weight (LMW) proteins in
40 patients with Wilson’s disease (WD) onD-penicillamine treatment
for 0–180 months. In patients tested repeatedly, only the first urine
specimen obtained is represented. The twohorizontal linesrepresent
the mean and mean plus two standard deviations (SD) in controls

Table 1. Urinary excretion of proteins, N-acetyl-β-D-glucosaminidase (NAG), calcium, and creatinine clearance in Wilson’s diseasea

Patients Controls

n Mean
(+ SD)

Median
(range)

% patients42 SD
of mean of controls

n Mean
(+ SD)

Median
(range)

P5

Total proteins
(mg/m2 per hour)

41 4.03
(+2.44)

3.70
(1.1–13.4)

39% 80 1.77
(+1.00)

1.51
(0.29–5.1)

0.0001

Albumin (RIA)
(µg/m2 per min)

18 8.14
(+7.13)

5.89
(0.35–19.4)

33% 68 3.55
(+3.10)

2.60
(0.06–15.2)

0.0001

Albumin (SDS-PAGE)
(mg/m2 per hour)

40 2.10
(+1.46)

1.92
(0.7–6.8)

22% 63 1.06
(+0.80)

0.79
(0.10–4.10)

0.0001

LMW proteins
(mg/m2 per hour)

40 1.23
(+1.27)

0.86
(0–5.5)

25% 63 0.46
(+0.36)

0.38
(0–2.0)

0.0001

HMW proteins
(mg/m2 per hour)

40 0.76
(+0.64)

0.59
(0–2.53)

22% 63 0.38
(+0.37)

0.28
(0–1.8)

0.0001

β2-microglobulin
(µg/m2 per hour)

27 4.95
(+6.39)

2.91
(0.1–32)

15% 80 2.60
(+2.10)

2.08
(0.5–15.4)

0.004

NAG
(U/g creatinine)

27 4.73
(+4.51)

3.82
(0.75–18.4)

22% 52 3.90
(+1.53)

3.55
(1.3–8.9)

0.08

Calcium excretion
(µmol/kg per 24 h)

17 74
(+39)

68
(13–180)

18% 65
(+25)

NS

Creatinine clearance
(ml/min per 1.73 m2)

40 107
(+25)

100
(65–174)

SD, Standard deviation; RIA, radioimmunoassay; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis; LMW, low molecular
weight; HMW, high molecular weight; NS, not significant
a For calculation only the first urine specimen of each patient was used



excretion was above the upper normal limit (2 SD above
mean) in 39% patients; all but 2 patients had values below
6 mg/m2 per hour, the exceptions had total proteinuria of
13.5 mg/m2 per hour; shortly after the start ofD-penicilla-
mine.

When related to the duration ofD-penicillamine treat-
ment, the proportion of patients with pathologically high
values of total proteinuria, albuminuria, and LMW pro-
teinuria declined with time. This change was most marked
with LMW proteins: whilst 12 of 18 patients assessed in the
first 2 years after the start of therapy had an increased
LMW proteinuria, the same was found in only 2 of 22
patients assessed later (Fig. 1). In contrast, increased HMW
protein and albumin excretion were more evenly distributed
over the years on treatment. Only 2 of 18 patients assessed
in the first 2 years had increased HMW proteinuria com-
pared with 6 of 22 followed for a longer period. Compa-
rable trends were also observed in individual patients tested
repeatedly. Of 10 patients with two measurements by SDS-
PAGE, 8 showed declining amounts of LMW protein in
urine with time (not shown). In contrast, HMW proteinuria
increased in 5 of 10 patients tested (Fig. 2) and albuminuria
increased in 8 of 10 patients (not shown). In 3 of 4 patients,
β2-microglobulin levels were increased within 3 months of
the start of therapy; in 2 of these they later became normal.

Although the excretion of NAG was higher in patients
than in controls, the difference was not significant (Table 1).
All 6 patients with elevated NAG excretion were observed
during the first 6 months after the start of treatment. Of 10
patients tested repeatedly, 2 showed a fall of NAG excre-
tion within the normal range.

Calcium excretion was above normal (490µmol/kg per
day) in 3 of 17 patients (in 2 during the first 3 months). In a
further 3 patients, calciuria was just at the upper normal
limit. CCr was above 75 ml/min per 1.73 m2 in all but 4
patients, the lowest value being 65 ml/min per 1.73 m2.

In Fig. 3 the mean protein and NAG excretion is re-
presented as a percentage of mean normal values according
to the duration ofD-penicillamine therapy. In the 1st year
the excretion of the tubular markers NAG,β2-microglob-
ulin, and especially LMW proteins, as well as total pro-
teins, was higher compared with subsequent periods. In

contrast, the mean maximum excretion of albumin and
HMW proteins occurred after the 1st year of treatment.

Discussion

Previous investigations demonstrated thattubular function
in untreated patients with WD is more markedly affected
than glomerular function. In different studies, increased
excretion of amino acids [6, 9, 18, 19], oligopeptides,
glucose, uric acid [4], phosphate [9], calcium [20], and
para-aminohippurate [6] were observed. In addition, de-
fects in urinary acidification [4, 6, 8] were reported. Rarely
a severe generalized Fanconi syndrome was observed [21].
Some authors described hematuria [6] and a mild reduction
in GFR and renal plasma flow which, similar to the tubular
dysfunction, was usually reversible after treatment with
D-penicillamine [4, 6, 22]. Early studies had failed to show
significant pathoanatomical changes in kidney biopsies, but
Wolff [23] described five autopsy cases with tubular ne-
crosis and degeneration.

The pathogenesisof kidney lesions in WD has been
related to the increased copper stores. Tubular dysfunction
in WD seems to be associated with the amount of copper
deposited in body tissues and specifically in the tubular
epithelium [10, 22, 24, 25]. Structural alterations of mi-
tochondria found in proximal tubular cells of patients with
WD [26] indicate a disturbance of renal energy metabolism.
The nephrotoxic action of copper was also demonstrated in
mice and rats where it led to necrosis of proximal tubules
and other renal lesions [23, 24, 27, 28].

Proteinuria has rarely been studied in WD. In a long-
term study of 20 patients treated withD-penicillamine,
Lange [29] failed to find any patients with increased pro-
teinuria or nephrotic syndrome. Leu et al. [6] reported that
five of seven untreated patients aged 14–48 years excreted
increased amounts of protein (mean 199 mg/24 h vs. 23 mg/
24 h in controls), whilst proteinuria was significantly lower
under treatment withD-penicillamine (mean 48 mg/24 h);
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Fig. 2. Serial measurements of high molecular weight (HMW) pro-
teinuria in 10 patients with WD related to the duration ofD-penicilla-
mine treatment

Fig. 3. Excretion of total proteins (TP), N-acetyl-β-D-glucosaminidase
(NAG), β2-microglobulin (β2M), LMW proteins, HMW proteins, and
albumin (alb) in different time periods after the start ofD-penicillamine
treatment, represented by three columns: p1, 1st year; p2, 2–4 years;
p3, 5–15 years. Only the first urine specimen obtained is represented.
The mean data for each period are expressed as percentage of mean
control values (c)



the analytical method used was not indicated. Peterson et
al. [7] described three patients with WD in whom the ex-
cretion ofβ2-microglobulin was higher than that of albumin
or total protein. Increased total proteinuria (0.3–1 g/24 h)
was also reported more recently in 3 of 37 WD
patients [30].

Our study demonstrates that increased proteinuria per-
sists in about a third of all patients treated withD-peni-
cillamine, although it rarely reaches a high level. The ap-
plication of SDS-PAGE revealed a different time course for
LMW and HMW proteinuria:LMW proteinswere excreted
in excess of control values in two-thirds of patients ex-
amined in the first 2 years after the start ofD-penicillamine
treatment, but serial determinations showed declining
amounts with time. Elevated excretion of other tubular
markers, i. e.,β2-microglobulin and NAG, was also re-
stricted to the initial period of drug therapy. These findings
are in agreement with earlier observations that tubular
function usually revert to normal within 2 years ofD-pe-
nicillamine therapy [6, 8]. During this period the tubular
lesions caused by copper deposition are also regressing [10].

In contrast to LMW proteinuria, we found that
albuminuria andHMW proteinuria are persistently in-
creased in some patients. This might be interpreted as a
mild nephrotoxic effect ofD-penicillamine. Our observa-
tions may be related to the rare WD patients who developed
massive proteinuria or nephrotic syndrome, with or without
rash, many months or years after the start of treatment of
DL-penicillamine, possibly due to an immunogenic action of
this drug [31–33]. With the introduction of theD-isomer of
penicillamine, such reaction became exceptional [34, 35].
However, at least 1 of our patients with proteinuria appears
to have suffered from an adverse effect of this drug, be-
cause she rapidly recovered after its withdrawal.

From our studies it appears possible that in WD long-
term administration ofD-penicillamine is able to induce a
minor degree of glomerular proteinuria in the absence of
more severe renal or systemic manifestations. However, it
cannot be excluded that persistent proteinuria in long-
standing WD is related to the condition itself.

TheGFRremained within the normal range in almost all
our patients. This needs to be confirmed by more accurate
measurement, but we agree with the observations of Leu et
al. [6] who rarely found a small decrease of inulin clearance
in treated WD patients. A reduced GFR may be explained
by an effect ofD-penicillamine on the molecular structure
of the glomerular basement membrane, i.e., an inhibition of
enzymes required for collagen synthesis [36]. In animal
experiments, however, only very high doses ofD-peni-
cillamine (4450 mg/kg) were able to induce severe albu-
minuria and increased NAG excretion [37].

Hypercalciuriawas an occasional finding in our patients
with WD, restricted to the early phase of treatment and
never accompanied by nephrolithiasis or nephrocalcinosis.
Some studies reviewed by Hoppe et al. [20] have reported a
high incidence of hypercalciuria and kidney stones in WD.
High calcium excretion may [6] or may not [20] decrease
on D-penicillamine treatment.

In conclusion, the increased excretion of tubular pro-
teins in WD was confined mainly to the first 2 years of
D-penicillamine treatment, which suggests a close re-

lationship to the primary metabolic disorder rather than to
the drug. In contrast, HMW proteinuria and albuminuria, as
markers of glomerular damage, persisted in some patients
for many years after the start ofD-penicillamine therapy
which, however, does not prove an etiological role of the
drug. We cannot decide whether the low persistent HMW
proteinuria is due to a toxic action ofD-penicillamine,
suggested by the rare cases of nephrotic syndrome. Such
patients might benefit from a switch to other drugs (e.g.,
zinc or trientine). The normal GFR observed in almost all
our patients on long-termD-penicillamine treatment in-
dicates that this regimen is usually well tolerated by the
kidney. The nephrologist should, however, be aware of the
rare patient with WD who manifests as acute renal failure
related to a hemolytic crisis and liver failure [33, 38], and
who may profit from liver transplantation [4].
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Familial glomerulopathy with giant fibrillar (fibronectin-positive) deposits:
15-year follow-up in a large kindred

O. Gemperle, J. Neuweiler, F. W. Reutter, F. Hildebrandt, and R. Krapf

A 15-year clinical follow-up is reported for a familial glomerulopathy
characterized on light microscopy by the glomerular deposition of
giant fibrillary deposits (Virchows Arch A Pathol Anat Histol
388: 313–326, 1980). On electron microscopy, the deposits consist of
randomly oriented fibrils (12 to 16 nm in width and 120 to 170 nm in
length). These deposits show positive immunoreactivity for fi-
bronectin. One hundred fifty-seven of 197 family members within five
generations were investigated. The disease is characterized by the
occurrence of albuminuria in the third to fourth decades of life and
slow progression to end-stage renal disease over a period of 15 to 20
years with the occurrence of generalized distal tubular acidosis (renal
tubular acidosis type IV), hypertension, and the nephrotic syndrome.

The frequent occurrence of otherwise unexplained microalbuminuria
in young individuals of generations IV and V could be indicative of
incipient glomerular disease. In one affected male individual and in his
unaffected sister, renal cell carcinoma was diagnosed, raising the
possibility that this familial glomerulopathy might be associated with
an increased risk to develop renal cell cancer by direct or indirect
(associated genetic predisposition) mechanisms. The disease relapsed
in one renal transplant, raising the possibility of the presence of a
transferable factor that could be part of the deposited fibrillar material
or, alternatively, interfere with the glomerular handling of the de-
posited material.
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