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Biopsy and autopsy specimens of liver from patients with Wilson’s disease in various
stages, chronic cholestatic conditions (including primary biliary cirrhosis, extrahepatic bili-
ary obstruction, sclerosing cholangitis, and biliary atresia), chronic active hepatitis, and
Indian childhood cirrhosis, as well as normal neonates, were examined by means of histo-
chemical techniques for copper and copper-associated protein. The intracellular localiza-
tion of copper and the lobular distribution of the metal and its associated protein differed in
these conditions. Periportal hepatocytes containing granules (lysosomes) that were reac-
tive for copper and for copper-associated protein were characteristic of cholestasis and neo-
natal liver. However, in cholestasis extralysosomal copper was often present in the hepato-
cellular cytoplasm. In contrast, in Wilson’s disease, despite very high concentrations of
copper in the early stages, the metal was diffuse in the cytoplasm, and the histochemical
reactions for granular copper and its associated protein were usually negative. Therefore, a
failure to stain for copper does not exclude the diagnosis of Wilson’s disease. In the late
stages of Wilson’s disease staining varied in different nodules. In Indian childhood cirrhosis
copper was present throughout the parenchyma, with periportal predominance. Differences
in the distribution of copper and the cellular changes associated with its deposition suggest
that different pathogenetic mechanisms and possibly different intracellular targets are
susceptible to the toxic effects of the metal. For diagnosis, staining for copper and for cop-
per-associated protein may assist in the differentiation of primary biliary cirrhosis from
chronic active hepatitis. (Am J Pathol 1980, 99:715-730)

COPPER may be identified in histologic sections by staining
with rhodanine,"? rubeanic acid,** or Timm’s silver sulfide.** Although
these simple and reproducible staining procedures are only semi-
quantitative, they make it possible to determine the intracellular and
lobular distribution of copper. A complementary stain was recently dis-
covered by Sipponen,® who found that orcein stained a poorly character-
ized “copper-associated protein,” rich in sulfhydryl groups, within he-
patocellular granules. The combined use of these various histochemical
techniques has provided new information on the varying patterns of cop-
per distribution in diseases associated with excessive accumulations of the
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metal in the liver.*'" We report the histologic and intracellular local-
ization of copper and its associated protein in primary biliary cirrhosis
(PBC), extrahepatic biliary obstruction, biliary atresia, cryptogenic cir-
rhosis with cholestasis, Wilson’s disease, and Indian childhood cirrhosis
(ICC), as well as in normal neonatal livers, all conditions known to be as-
sociated with high concentrations of hepatic copper.®'**® Our goal was to
compare and evaluate the diagnostic and pathogenetic implications of the
topographic distribution of hepatic copper in these diseases.

Materials and Methods

This study is based on liver tissue, mainly paraffin blocks, on file at the Albert Einstein
College of Medicine and the Mount Sinai School of Medicine and consists of diagnostic
biopsy specimens and autopsy material. All specimens had been fixed in neutral formalin,
embedded in paraffin, and stained by the common routine histologic methods. Copper was
stained orange-red with 5(p-dimethylaminobenzylidene)rhodanine (Eastman No. 2748),'2
green-black with rubeanic acid (dithiooxamide) (Eastman),* and brown-black with the sil-
ver sulfide (Timm’s) procedure.* Copper-associated protein was visualized with the Shi-
kata orcein (British Drug House) technique ¢ with the use of counterstaining with lithium
green.

Hepatocellular lipofuscin granules were demonstrated by the periodic acid-Schiff pro-
cedure after diastase treatment and by Schmorl’s ferro-ferricyanide reaction for reducing
substances.?!

For quantitative assays for copper, 42 dehydrated specimens weighing 1-15 mg were
wet-washed and subjected to spectrophotometric analysis.?** The paraffin was removed
from embedded tissues with two changes of xylene, at 24-hour intervals, before dehy-
dration in a vacuum oven. The normal adult liver contains less than 50 ug copper/g dry
tissue. Normal liver removed from paraffin blocks for quantitative determination contains
less than 86 ug copper/g dry tissue.’* These results are summarized in Table 1.

Histochemical analyses were carried out on 18 patients with PBC in advanced stages, 7
with extrahepatic biliary obstruction, 7 with chronic active hepatitis associated with cho-
lestasis, 3 with mixed micronodular-macronodular cirrhosis with jaundice, 2 with biliary
atresia, 14 with Wilson’s disease in various stages, 3 with ICC in terminal stages, and 4
premature infants with normal liver. In addition, 27 biopsy specimens in all stages of PBC
and 7 from patients with sclerosing cholangitis were studied in which only rhodanine and
Shikata’s orcein stain were used.

Control specimens were also stained, including specimens from normal and diseased

Table 1—Hepatic Copper Concentration

Number of Range of Cu

patients (ug/g dry wt) Mean SD
Primary biliary cirrhosis 10 37-714 356 262
Extra hepatic biliary 2 111-226 169 —

obstruction

Cryptogenic cirrhosis 1 289 —_ —_—
Wilson’s disease 14 188-1422 728 374
Newborn ) 4 206-413 295 89
Indian childhood cirrhosis 3 1367-4788 2570 —_—
Chronic active hepatitis 1 42 —_ —_
Normal control subjects 7 30-86 58 19

(6-86 years)
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livers (Dubin-Johnson syndrome, hemochromatosis, hepatocellular tumors, and conditions
with excess lipofuscin accumulation).

Results
Incidence and Distribution of Positive Copper Reactions: Granular Staining

Granular copper staining in hepatocytes was demonstrable with rhoda-
nine, rubeanic acid, and Timm’s procedure in 17 of 18 patients with ad-
vanced PBC (Figure 1), 2 of 2 infants with biliary atresia, 5 of 7 patients
with extrahepatic biliary obstruction, 3 of 3 patients with postnecrotic
cirrhosis with cholestasis, 9 of 14 patients with Wilson’s disease (Figure 3),
3 of 3 children with advanced ICC (Figure 5), 1 of 7 patients with chronic
active hepatitis, and all 4 newborns. No stainable copper was present in
the control livers. A similar staining pattern for the copper-associated pro-
tein was obtained with orcein (Figures 2, 4, 6, and 7). However, more
granules were stained with orcein than with the copper stains. This situa-
tion was notable in Wilson’s disease, where 3 specimens gave a positive
orcein reaction but did not stain with rhodanine or rubeanic acid. The
granules were identified as lysosomes because in unstained sections they
have the characteristic golden brown color of lipofuscin and they dis-
played both a positive Schmorl’s staining reaction for lipofuscin and a pe-
riodic acid-Schiff (PAS) reaction that resisted diastase digestion (Figure
8).
Orcein, rhodanine, and rubeanic acid did not stain either the pigment
present in the hepatocytes of patients with Dubin-Johnson syndrome or
hemosiderin. Iron, however, gave a positive Timm’s reaction.

Diffuse Cytoplasmic Staining

An orange-pink diffuse cytoplasmic staining of hepatocytes was occa-
sionally observed with rhodanine. A similarly distributed brown stain was
frequently seen with the aid of Timm’s procedure. The diffuse reaction
was present in 8 of 17 patients with PBC (Figure 9), in 2 of 3 patients with
early Wilson’s disease, and in 2 of 3 children with ICC.

Specific Disorders
Primary Biliary Cirrhosis

In addition to the 18 cases listed above, we examined 27 cases of PBC in
which only orcein and rhodanine staining were compared. In PBC the
presence of copper generally correlated with the stage of the disease. It
was always absent in the early stages, in which only chronic non-
suppurative destructive cholangitis was present and an intact limiting he-
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patocytic plate surrounded the large portal tracts.* In the second stage,
which is characterized by proliferation and destruction of ductules, the
presence of copper varied with the type of erosion of the periportal pa-
renchyma. If this destruction was associated with a predominantly lym-
phocytic exudate, hepatocytic copper deposition was not encountered.
Copper was noted when vacuolated macrophages were crowded between
periportal hepatocytes. Such copper-containing hepatocytes often dis-
played a vacuolated cytoplasm even in the absence of demonstrable bile
pigment. The number of copper granules increased when histologically
demonstrable cholestasis was associated with significant portal and peri-
portal fibrosis, reflecting a transition into the third, or scarring, stage of
PBC. Progression to cirrhosis of the biliary type, which is characterized by
preservation of hepatic vein tributaries, was regularly associated with a
further increase in demonstrable copper, though in some forms of mixed
micromacronodular cirrhosis it was absent. The destruction of bile ducts
did not seem to affect the distribution of copper.

In late stages of PBC copper-containing granules were abundant in he-
patocytes around portal tracts, particularly in those trapped in periportal
zones undergoing fibrosis (Figure 1). However, around normal small portal
tracts, which are encountered even in advanced stages of PBC, copper
was not seen. Portal macrophages sometimes contained copper-stained
granules. The intensity of the histologic staining correlated fairly well
with quantitative assays for copper. Centrolobular cholestasis, relatively
rare in primary biliary cirrhosis, was not associated with copper deposi-
tion. In some specimens lysosomes stained with orcein but not with rhoda-
nine.

When, in addition to the particulate staining, diffuse cytoplasmic stain-
ing was demonstrated by rhodanine or Timm’s silver sulfide stain, it was
most conspicuous in hepatocytes located near altered portal tracts or con-
nective septums and in isolated trapped hepatocytes. Mallory’s hyalin,
present in 6 cases, was rimmed by copper-containing granules and often
assumed a reddish hue in rhodanine preparations.

Chronic Cholestasis

Copper granules were also found in biliary atresia, prolonged extra-
hepatic biliary obstruction, and sclerosing cholangitis and in one instance
of mixed micromacronodular cirrhosis but were generally absent in
chronic active hepatitis with cholestasis. Periportal cytoplasmic staining
was seen in a patient with a 10-year history of extrahepatic biliary ob-
struction and in one with cholestatic, mixed micromacronodular cirrhosis.
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Wilson's Disease

The intracellular and lobular distribution of stainable copper and cop-
per-associated protein varied, depending on the stage of the disease.” In
the earliest stage, which manifested diffuse steatosis, often with portal and
intralobular fibrosis, granular copper and copper-binding protein could
not be demonstrated histologically by any of the methods applied, despite
concentrations of copper as high as 1123 ug/g dry tissue. However, in
such specimens diffuse cytoplasmic staining was revealed by the Timm’s
silver sulfide procedure. At a later stage, when histologic features of
chronic active hepatitis appeared, copper and the copper-associated pro-
tein were demonstrable in hepatocellular granules near portal tracts and
septums, often extending into the lobule. The granular copper that was
seen at this stage could be stained by all of the procedures employed. In
some areas a diffuse cytoplasmic reaction for copper was also noted. In
fully developed cirrhosis the copper reaction was usually restricted to he-
patocellular lysosomes. The number of positive cells varied from a few at
the periphery of a nodule to large numbers occupying a segment of a nod-
ule or an entire nodule. Unreactive nodules were often adjacent to those
with large amounts of copper (Figures 3 and 4). This variability may ex-
plain the absence of staining in 2 cirrhotic specimens.

Indian Childhood Cirrhosis

Markedly elevated hepatic copper concentrations were found in au-
topsy specimens from individuals in the terminal stages of ICC (Figures 5
and 6). One had the highest concentration of copper ever recorded in hu-
man liver, 4788 ug/g. Histochemical stains demonstrated widely distrib-
uted granular and diffuse cytoplasmic staining as well as an association of
copper with Mallory bodies."' The intensity of the copper stain did not al-
ways correlate with the concentration of copper in the tissues, and in
some hepatocytes and macrophages orcein demonstrated copper-associ-
ated protein in granules that failed to give a copper reaction. Tanner et
al * have reported similar findings in ICC. The granules in macrophages
were less distinctly stained than those in hepatocytes and were not deep
black in color.

Discussion

In the normal human adult ® the concentration of hepatic copper re-
mains remarkably stable throughout life. This balance is achieved in spite
of an abundance of dietary copper in relation to the body’s needs, 22>
mainly through the excretion of excess copper via the bile.** Con-
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sequently an interference in this process either by a genetic defect or cho-
lestasis may result in retention of copper by the liver. Increased concen-
trations of hepatic copper are also present in normal babies during the
first months of life.""*’

The lobular and intracellular distribution of copper differs in various
liver diseases. In cholestasis as well as in the liver of the normal neonates,
copper and its associated protein are found mostly in hepatocellular lyso-
somal granules at the periphery of lobules or nodules.®*'**” In some speci-
mens copper may also be diffuse in the cytoplasm. In the late stages of
ICC staining is diffuse and granular, involving the entire parenchyma,
with peripheral predominance. In advanced Wilson’s disease only certain
nodules or portions of nodules accept the stains.* However, in young
asymptomatic patients with Wilson’s disease whose chemically deter-
mined hepatic copper concentrations are higher,****! there is no granular
lysosomal copper demonstrable. In such livers, Timm’s silver sulfide yields
diffuse cytoplasmic staining that is generally uniform throughout the he-
patic parenchyma.

For diagnostic purposes, it should be emphasized that a negative his-
tochemical reaction for copper with rhodanine or rubeanic acid, or for
copper-associated protein with orcein, does not exclude Wilson’s dis-
ease.*® In conditions other than Wilson’s disease histochemical estimates
generally correlate with quantitative determinations of total hepatic cop-
per.® Histochemical preparations are particularly useful in detecting focal
concentrations of copper affecting a few lysosomes, even though the tissue
concentration is normal. The demonstration of copper is often helpful in
distinguishing the late stages of PBC from chronic active hepatitis, where
it is usually absent. This conclusion is consistent with that of Ludwig et
al,’® based on a study of North American patients, and of Sipponen et al,*
who investigated Finnish patients. It differs, however, from that of Jain et
al,® who reported positive stains in 7 of 16 British patients with chronic
active hepatitis.

The orcein, rhodanine, and rubeanic acid reactions are all equally
simple to use and consistently reproducible. More granules react with or-
cein than with the copper stains. These granules, which stain black with
orcein, are easily distinguished from the brown cytoplasmic staining of
the hepatitis B surface antigen present in “ground-glass” hepatocytes and
from elastin fibers.** The most sensitive method for demonstrating metals
is Timm’s silver sulfide procedure, but it is also more complex and less
specific than the rhodanine and rubeanic acid stains. The latter, there-
fore, are more suitable for routine diagnostic laboratory procedures.

There are two copper-binding proteins in the cytosol: L-6-D, or
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CuL.P,*® often confused with metallothionein, and hepatocuprein, or su-
peroxide dismutase.** “Mitochondrocuprein,” originally extracted from
“mitochondrial” fractions of newborn human and calf liver,®** is a lyso-
somal protein >”*" that is probably identical with the copper-associated
protein demonstrable with Shikata’s orcein stain. This is evident from
studies which indicate that the copper-containing granules are lysosomes
that contain lipofuscin and PAS-positive, diastase-resistant material % as
well as acid phosphatase, B-glucuronidase, and N-acetyl-B-D-glucosamini-
d ase .4,27,40,4 1

From our histochemical observations of livers of patients with Wilson’s
disease and normal neonatal livers it appears that copper sequestered
within lysosomes is innocuous, while that which is diffuse in the cytoplasm
is cytotoxic. #**% Studies of cell fractions have also shown that in Wilson’s
disease '>* and in PBC ' considerable amounts of copper are present in
the cytosol as well as lysosomes. The proportion present in the cytosol
varied from 26% to 85% of the total hepatic copper in 7 patients with
Wilson’s disease and from 45% to 75% in 4 patients with PBC. Extra-
lysosomal copper has also been detected in Wilson’s disease by electron
microscopy of liver stained with silver sulfide and by microanalysis.***
The mechanisms regulating the uptake and retention of copper by lyso-
somes are not known. The consistent staining of the lysosomal copper-as-
sociated protein (LCAP) in the livers of newborns and children with bili-
ary atresia * and ICC constrasts sharply with the failure to demonstrate
LCAP in young patients with Wilson’s disease who have high concentra-
tions of hepatic copper. A deficiency of LCAP in the early stages of Wil-
son’s disease may account for the hepatocytes’ inability to concentrate
copper in lysosomes.

Recent reports suggest that the deposition of copper may be a primary
pathogenetic event in ICC.* There is, however, no direct evidence that
the secondarily retained copper in cholestasis is toxic, as it is in Wilson’s
disease. Both steatosis and the ultrastructural abnormalities associated
with diffuse cytoplasmic copper seen in young patients with Wilson’s dis-
ease **! are absent in both PBC and ICC. These differences suggest that
different ligands may bind the extralysosomal copper in the three condi-
tions.
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[Illustrations follow)



Figures 1 and 2—Biopsy specimen from a patient with primary biliary cirrhosis, stained for cop-
per with rhodanine (Figure 1) and for the copper-associated protein with orcein (Figure 2).
Granules with copper and its associated protein are abundant in hepatocytes at the periphery
of the nodule and trapped in periportal tissue. (X600)

Figures 3 and 4—Serial sections of a liver biopsy specimen from a patient with advanced Wil-
son’s disease stained for copper with rhodanine (Figure 3) and for the copper-associated pro-
tein with orcein (Figure 4). Despite the high concentration of copper in this liver, 974 ug/g dry
tissue, there is a striking variability in its distribution. Almost all hepatocytes in one nodule are
reactive for granular copper and its associated protein, while adjacent nodules are unstained.
(X 60)






Figures 5 and 6—Serial sections of liver obtained at autopsy from a patient with Indian child-
hood cirrhosis. The liver contained 4788 ug copper/g dry tissue. Stained for copper with
rhodanine (Figure 5) and for the copper-associated protein with orcein (Figure 6). Granules
with copper and its associated protein are present in most hepatocytes: however, they are
most abundant at the periphery of the lobule. The hepatocellular cytoplasm in this liver was
also stained with rhodanine, but this staining is not evident in this black and white photograph.
(x150)

Figure 7—Premature neonatal liver obtained at autopsy. The liver, which contained 310 ug
copper/g dry tissue was stained with orcein. The copper-associated protein is present in gran-
ules within hepatocytes at the periphery of the lobule. (X600)

Figure 8—Liver biopsy specimen from a patient with primary biliary cirrhosis that contained
667 ug copper/g dry tissue. Stained by the PAS-positive, diastase resistant reaction that dem-
onstrates hepatocellular lysosomes (A) and stained for copper with rhodanine (B). The stained
granules have a similar pericanalicular distribution. (X9800)

Figure 9—Biopsy specimen from a patient with primary biliary cirrhosis that contained 301 ug

copper/g dry tissue. The specimen is stained with Timm’'s silver sulfide. This specimen had no

stainable iron, and therefore the silver sulfide reaction represents copper. The diffuse cyto-

?Ias(r)n(i;): staining at the periphery of the nodule increases in intensity toward the limiting plate.
X1
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