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Copper-Associated Chronic Hepatitis in Labrador Retrievers

G. Hoffmann, T.S.G.A.M. van den Ingh, P. Bode, and J. Rothuizen

This study summarizes the clinical and pathologic findings in 15 Labrador Retrievers with copper-associated chronic hepatitis
(CACH). Our hypothesis was that this form of hepatitis is caused by a defect in hepatic copper metabolism, which most likely
originates from a genetic defect. Affected Labradors consisted of 11 female and 4 male Labrador Retrievers. Eight family
members of 2 of these patients were examined prospectively, as were 6 unrelated healthy Labrador Retrievers. All dogs were
registered at the breed club. The average age at clinical presentation was 7 years (range, 2.5-10.5 years). All dogs were
presented for anorexia, which was associated with vomiting in 8 patients. The diagnosis of CACH was based on histologic
examination of liver biopsy specimens in all dogs, including semiquantitation of copper. A disproportionate increase in
alanine aminotransferase (ALT) activity relative to alkaline phosphatase (ALP) activity, as well as the centrolobular
localization of copper and the association of copper accumulation with hepatic lesions, suggested a primary copper storage
disease rather than primary cholestatic liver disease causing copper accumulation. Mean hepatic copper concentration
measured in related Labradors was 1,317 pg/g dry weight liver (range, 402-2,576 pg/g). Mean hepatic copper concentration of
unrelated normal Labradors was 233 ug/g dry weight liver (range, 120-304 pg/g). Our findings support the hypothesis that

a hereditary form of hepatitis occurs in Labrador retrievers and is caused by a defect in hepatic copper metabolism.
Key words: Bedlington Terrier; Cirrhosis; Copper toxicosis; Hepatic zone 3; Metabolic disease; Wilson’s disease.

hronic hepatitis (CH) is a histologic diagnosis,

characterized by the presence of fibrosis, inflam-
mation, and hepatocellular apoptosis and necrosis.
Cirrhosis can result as the end stage of the disease.!
The term chronic hepatitis is used regardless of the cause
of the disease, which usually is unknown in naturally
occurring canine chronic hepatitis, although some cases
have been associated with infections,> toxins,>”’ and
hepatic copper accumulation. Hepatic copper accumu-
lation can result from increased uptake of copper,
a primary metabolic defect in hepatic copper metabo-
lism, or from altered biliary excretion of copper.
Inherited copper toxicosis is a well-described disease in
the Bedlington terrier® in which a deletion in the
COMMDI gene (previously called MURRI) causes
accumulation of copper in hepatocytes, resulting in
chronic hepatitis. Moreover, hepatic copper storage and
associated hepatitis seems to be breed-associated in the
West Highland White Terrier,'® Skye Terrier,'"' Dober-
man Pinscher,'? and Dalmatian."?

The Labrador Retriever often is affected by chronic
hepatitis.'* Our objective was to summarize the clinical
and pathologic findings in 15 Labrador Retrievers with
copper-associated chronic hepatitis (CACH) and to
investigate the possibility of a genetic basis of the
disease by examination of family members from a line of
Labradors with copper-associated chronic hepatitis.
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Materials and Methods
Affected Labrador Retrievers

The study population consisted of 15 consecutively identified
Labrador Retrievers that had been diagnosed with chronic
hepatitis or cirrhosis associated with increased copper concentra-
tions that were registered at the Dutch Labrador Retriever breed
club.® The dogs were identified from the records of the diagnostic
veterinary pathology service at the Faculty of Veterinary Medicine,
University of Utrecht. All biopsy samples were evaluated by one of
the authors (Tvdl). Biopsy specimens from 11 of 15 dogs were
obtained by our hepatology service at the University Clinic. Biopsy
specimens from 4 dogs were obtained from private clinics. Clinical
and clinicopathologic data were obtained from the medical records,
as well as by telephone conversations with the veterinarians who
managed the latter 4 dogs. Signalment, medical history, clinical
examination findings, laboratory findings, histopathology, hepatic
copper assessment, and the extraction method used for each liver
biopsy specimen, as well as disease progression, were recorded.
For comparative purposes, liver enzyme activities were reported
as relative increase above the upper limit of the reference
range. Pedigrees were obtained from the Dutch Labrador Retriever
club.

Hepatic tissue was stained with rubeanic acid for evaluation of
copper distribution and semiquantitation. A histochemical grading
system previously applied to liver tissue from Bedlington Terriers
with copper toxicosis and Doberman Pinschers with copper-
associated hepatitis was used for semiquantitative evaluation of
hepatic copper concentrations in all liver biopsy specimens.'s
According to this grading system, copper scores >2 are abnormal.

Related Labradors and Normal Unrelated
Labrador Retrievers

For 2 dogs with CACH, 8 of 17 identified family members from
3 different litters participated in the study. In order to obtain
a healthy control group for comparison of hepatic copper
concentrations, owners of 6 unrelated Labrador Retrievers agreed
to participate in this study.

A medical history was obtained from all dogs (n = 14), and
physical examinations were performed. Blood samples were
collected in sodium citrate for analysis of a coagulation profile,
including prothrombin time (PT), activated partial thromboplastin
time (aPTT), and fibrinogen concentration. Blood was collected in
heparin and EDTA for analysis of alkaline phosphatase (ALP),
alanine aminotransferase (ALT), bile acids (BA), and platelet
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count. Liver biopsy specimens were collected according to the
Menghini technique described by Rothuizen.'® At least 3 liver
biopsy specimens were taken from each dog. Two specimens were
fixed in 10% neutral buffered formalin, and 1 biopsy was stored
in a copper-free container for quantitative copper determination.
Quantitative assay for copper in liver tissue was performed by
neutron activation analysis according to a protocol described by
Teske et al,'” using the facilities described by Bode.'® Quantitative
copper concentrations were measured in lyophilized liver and
reported in pg/g dry weight liver (dwl).

The study was approved by the Utrecht University Institutional
Animal Care and Use Committee. Owner consent was obtained for
all dogs participating in this study.

Statistical Analysis

Statistical analysis was performed by use of commercially
available software. A normal reference range was established
from mean hepatic copper concentrations of 6 healthy dogs = 2
standard deviations. Because of small group sizes, a nonparametric
statistical test was used for comparison between groups (Mann-
Whitney test).

Results
Affected Labradors

Of 15 Labrador Retrievers with copper-associated
chronic hepatitis, 2 dogs were related (dog 7 was the
mother of dog 9). All dogs were registered at the breed
club. The mean age at clinical presentation was 7 years
(range, 2.5-10.5 years). Eleven dogs were females,
including 3 spayed and 8 intact dogs, and 4 dogs were
males, including 3 intact and 1 neutered Labrador. All
dogs were evaluated between 1998 and 2002.

All dogs were presented for gastrointestinal signs,
including anorexia in all and vomiting in 8 dogs. Clinical
signs were acute in onset and progressive over several
days (n = 9 dogs) to weeks (n = 6 dogs) before
presentation to a veterinarian. Two dogs (dogs 2 and 9)
presented 21 and 12 days after whelping. Three patients
had a history of weight loss (dogs 3, 13, and 14), and
2 were reported as thin (dogs 3 and 14). Five dogs
developed jaundice during the course of the disease
(dogs 1, 5, 9, 12, and 14). Ascites was diagnosed in
2 patients (dogs 9 and 11), which had serum albumin
concentrations of 1.8 and 2.3 g/dL. One patient (dog 4)
had concurrent diabetes mellitus which was diagnosed
13 months before presentation and since that time was
regulated with Caninsulin. IgG and IgM titers for
Leptospira spp. were negative in 4 dogs. No exposure to
potentially hepatotoxic drugs or exaggerated copper
intake was reported.

The mean relative increase in ALT activity was 10.4
times the upper limit of the reference range (1-20.7 times
above the upper reference value). The mean relative
increase in ALP activity was 4.6 times the upper limit of
the reference range (1.6-10.9 times above the upper
normal value). In all but 1 patient (dog 10), the relative
increase in ALT activity was greater than the relative
increase in ALP activity. Five dogs had increased serum
total bilirubin concentrations at initial presentation.

Mean serum albumin concentration was 2.8 g/dL
(range, 1.8-3.4; normal range, 2.6-3.7 g/dL). Four
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Fig 1. Rubeanic acid-stained liver tissue of a patient with
copper-associated chronic hepatitis, semiquantitative copper con-
centration = 3+ (normal <2+). M, pigment-laden macrophages; P,
portal area.

patients had decreased serum albumin concentrations,
<2.0 g/dL in 1 dog (dog 9: albumin, 1.8 g/dL).

In 2 dogs serum urea nitrogen concentration was
below the normal range of 8.4 to 35 mg/dL (dogs 2 and
9). Blood ammonia concentrations were normal in both
of these dogs. Serum glucose concentration was mildly
increased in 1 dog (dog 9) and normalized during
hospitalization.

Five of 12 dogs evaluated by coagulation profile had
normal PT, aPTT, and fibrinogen concentrations.
Isolated increases in aPTT were identified in 2 dogs
(dogs 1 and 5), and an isolated increase in PT was
identified in 1 patient (dog 8). Plasma fibrinogen
concentrations were decreased in 5 patients (mean,
1.47 g/L; range, 0.5-3.3 g/L). These decreases were
associated with prolonged PT (2 dogs), aPTT (1 dog),
or prolonged PT and aPTT (2 dogs).

Red blood cell counts were within normal reference
range in all 14 dogs evaluated. Five dogs had mild to
moderate neutrophilic leukocytosis (mean white blood
cell count, 14,000/uL; range 6,100-28,900/uL).

Abdominal ultrasonography was performed in 12
dogs. The liver was of normal size in 5 of 12 dogs. In 6
dogs, the liver was small and located entirely within the
rib cage. In 1 dog, the liver was mildly enlarged. Hepatic
echogenicity and structure were normal in 9 of 12
patients. A hyperechoic liver and diffuse irregularities
were seen in 3 dogs. In 4 patients, the liver was found
to be normal for all 3 variables (ie, size, echogenicity,
and structure). Ascites was present in 2 patients (dogs 9
and 11).

Liver tissue was obtained at postmortem examination
(dogs 9, 12, 15), during laparotomy (dog 13), by
ultrasound guidance (dogs 1, 2, 5, 7), or by the Menghini
technique (dogs 3, 4, 6, 8, 10, 11, 14). Chronic hepatitis
(n = 11), or CH with cirrhosis (n = 4) were associated
with histologic evidence of copper accumulation in liver
tissue of all patients. In all biopsy samples CH was
characterized by varying degrees of hepatocellular
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Fig 2. Above: Hepatic copper concentrations of 8 family
members from 2 Labrador Retrievers with copper-associated
chronic hepatitis. Pedigree: circle , female dog; square, male dog;
small numbers depict the hepatic copper concentration in mg/kg
dry weight liver; black, 2 former clinical patients with copper-
associated chronic hepatitis; gray, examined family members;
white, family members that did not participate in the study (2
female and 7 male offspring). Below: Box plots depicting the
copper concentrations in liver tissue of 6 unrelated Labrador
Retrievers (left) versus the 8 family members of patients with
copper-associated chronic hepatitis (right).

apoptosis and necrosis, mononuclear inflammation,
regeneration, and fibrosis. The severity of the hepatic
inflammation was determined by the quantity of in-
flammation and extent of hepatocellular apoptosis
and necrosis. Hepatitis was mild in 1 dog, moderate
in 6 dogs, moderate to severe in 3 dogs, and severe in
5 dogs.

The stage of the disease was determined by the extent
and pattern of fibrosis and the presence of cirrhosis.
Liver architecture was normal in 6 dogs. Architectural
distortion in liver tissue of 9 dogs included focal portal
fibrosis (5), porto-central (2), centro-central (5), and
dissecting fibrosis (2). Cirrhosis, characterized by re-
generative nodules <3 mm in diameter, was diagnosed
in 4 dogs (dogs 6, 9-11). Histologic features of
cholestasis were present in biopsy specimens of 5
patients and graded as mild to moderate (dogs 6, 8,
9, 15) or severe (dog 1). Results of semiquantitative
assessment of copper ranged from 2-3+ to 5+.
Copper accumulated in zone 3 of the liver lobule
(Fig 1) and was associated with inflammation in all
biopsy samples.

Follow-up

Two dogs died and 7 affected Labradors were
euthanized for signs attributable to their hepatic disease.
The average time from initial presentation to death in
these 9 dogs was 10.4 days (range, 1-50 days). None of
these dogs had received copper-chelating medication,
because early in the course of data collection Labrador
Retrievers with chronic hepatitis were treated with
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semiguantitative copper assessment

Fig 3. Box plots depicting the results from semiquantitative
assessment of hepatic copper in 6 normal unrelated Labradors (left
box), 8 related Labradors (middle box), and 15 affected Labradors
with CACH (right box).

a standard therapy consisting of prednisolone." Because
of histopathologic evidence of copper-related disease,
penicillamine was added to the treatment regimen and
finally applied as the sole medication. Clinical and
histopathologic signs resolved with penicillamine thera-
py in 5 patients. Four of these 5 dogs received
penicillamine exclusively (15 mg/kg PO ql2h), and 1
dog received a combination of prednisolone (1 mg/kg
PO q24h) and penicillamine (15 mg/kg PO q12h). One
patient developed CACH again 1 year after histologic
cure and cessation of penicillamine treatment. The
disease in this dog again was successfully controlled by
reinstitution of penicillamine monotherapy.

Related Labradors

Five dogs were female and 3 were male. The average
age was 4 years and ranged from 2 to 5 years. All dogs
were clinically healthy and had no previous signs of
hepatic disease. There was no evidence of exposure to
drugs or possible exaggerated copper intake, and all
affected dogs were fed commercial dog food. Serum
activities of ALT, ALP, bile acid concentrations,
coagulation profiles, and platelet counts were normal
in all dogs. Histopathologic examination of liver biopsy
samples identified the presence of copper localized in
centrolobular hepatocytes. In 6 dogs, the liver was
normal histologically. In 2 dogs, mild hepatitis was
present, with periportal and central pigment-laden
Kupffer cells and macrophages and moderate numbers
of lymphocytes and plasma cells, as well as moderate
numbers of copper granules. Results of semiquantitative
assessment of copper were 1-2+ in the dog with
a quantitative copper concentration of 402 pg/g dwl,
and ranged between 2-3+ and 3+ in the remaining
dogs.

The mean quantitative hepatic copper concentration
measured in the clinically healthy siblings and offspring
was 1,317 ug/g dry weight liver (range, 402-2,576 ng/g
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dwl), as shown in Figure 2. There was good agreement
between quantitative hepatic copper concentrations and
semiquantitative copper measurements in this group of
dogs, which ranged from 1-2+ to 3+ (mean 2-3+; Fig 3).
No difference was found between semiquantitative
copper assessments in affected and related Labradors
(P = .084).

Unrelated Normal Labradors

All dogs were clinically healthy and had no previous
signs of hepatic disease. Three dogs were female, and 3
were male. The average age was 7.8 years and ranged
from 5 to 10 years. Blood biochemistry and hematology
were normal in all dogs. Results of histologic examina-
tion of liver were normal in 4 dogs. In 2 Labradors, mild
nonspecific reactive changes of the liver were diagnosed.
In these biopsy samples, the liver architecture was
normal, but scattered pigment-laden macrophages and
a few polymorphonuclear leukocytes were found in the
liver parenchyma. Results of histologic assessment of
copper ranged from negative to 1+. Quantitative hepatic
copper concentration in this group of Labradors was
233 ng/g dwl (range, 120-304 ng/g). A reference range
for hepatic copper of <400 pg/g dwl was established for
these Labrador Retrievers (mean * 2 SD).

A Mann-Whitney test detected a difference between
hepatic copper concentrations from normal dogs and
related Labradors (P = .001).

Discussion

Inherited copper toxicosis is an autosomal recessive
disease in the Bedlington Terrier® in which a genetic
mutation causes severe accumulation of copper in
hepatocytes, resulting in chronic hepatitis. In addition
to the Bedlington Terrier, hepatic copper storage seems
to be breed-associated in the West Highland White
Terrier, Dalmatian, Doberman Pinscher, and Skye
Terrier. In the first 3 breeds, liver copper concentrations
>2,000 ug/g dwl have been reported.”'*!? Copper
concentrations in affected Skye Terriers range from
800 to 2,200 ug/g dwl."

This report describes 15 Labrador Retrievers with
chronic hepatitis associated with increased copper
concentrations. Prospective examination of family
members of these affected dogs identified subclinical
hepatic copper accumulation (mean hepatic copper
concentration of 1,317 pg/g dwl; range, 402-2,576 ug/g
dwl).

In all but 1 of the affected dogs, serum ALT activity
was increased, and ALP was above the upper limit of the
reference range in all 13 dogs evaluated for ALP.
Because the relative increase in ALT activity was greater
than that of ALP (10.4 and 4.6 times normal, re-
spectively), a primary hepatocellular liver disease was
considered most likely. Serum total bilirubin concentra-
tion was increased in only 5 dogs. In addition,
histopathology identified primary hepatitis and copper
accumulation. Therefore, the cholestasis seen in some
affected Labrador Retrievers was considered secondary.

The reference range for hepatic copper concentration
in dogs is reported to be 100-450 ug/g dwl."* This is in
agreement with the copper concentrations measured in
liver biopsy specimens of normal Labradors in this study
(range, 120-304 pg/g). In our study, there was no
overlap between copper concentrations of normal un-
related Labradors and related Labrador Retrievers (P =
.001). On the basis of the established normal range for
hepatic copper in Labradors, some of the dogs in
a previous study most likely had subclinical hepatic
copper accumulation.? In that study, copper concentra-
tions between 140 and 915 pg/g dwl were measured in 3
Labrador Retrievers without hepatitis (mean, 448 ug/g
dwl).?! The dogs of that study were identified because
a related Labrador Retriever had liver disease. Because
of a lack of additional detail on the hepatic disease of the
related dog, it is not possible to compare those
Labradors directly to our related Labradors. However,
our finding of isolated accumulation of copper without
development of hepatitis is in agreement with the
previous results. Until the genetic defect underlying
copper accumulation in Labradors is identified, we will
not be able to explain why copper can accumulate
without causing hepatitis in the Labrador Retriever. One
investigator had followed dogs with the COMMDI
deletion from birth to 3 years of age, and copper
accumulated in the liver by 1 year of age, whereas
histologic signs of hepatitis did not occur before
affected dogs were 2 years old (R. Favier, personal
communication). Dogs with inherited copper storage
disorders may therefore be subject to a prolonged delay
period of several years between severe accumulation of
copper and development of histologic signs of in-
flammation.

The storage of copper in its nontoxic form may occur
in the Labrador, allowing copper to accumulate in the
liver of related and affected dogs. Exhaustion of cellular
systems that protect against oxidative damage by
occasional free reactive copper, or an additional stress
factor that affects other protective mechanisms of the
liver cell, may be necessary for copper to cause hepatitis
in affected dogs.

In our group of 15 affected Labradors, hepatic copper
was assessed by a semiquantitative histochemic grading
system. Semiquantitative copper concentrations were
previously correlated to quantitative measurements in
other dog breeds, in which semiquantitative hepatic
copper scores of 2-3+ corresponded to a concentration
of 300-2,000 pug/g dwl in Doberman Pinschers, and
semiquantitative scores between 3+ and 5+ corresponded
to quantitative copper concentrations between 1,500 and
4,000 mg/kg dwl in Bedlington Terriers.'>* Our present
results show a similar correlation of histochemical
staining and quantitative copper concentrations in the
related Labradors. This finding is in agreement with
previous studies, and there was no statistical difference
between semiquantitations of copper in related and
affected dogs (P = .084). Nevertheless, semiquantitation
of copper remains a subjective assessment and lack of
quantitative measurement of copper in the affected
Labradors is a limitation of our study. We did not
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measure quantitative copper concentrations retrospec-
tively because liver biopsy samples were taken by
different techniques and not specifically handled and
stored for quantitative analysis of copper. Quantitation
of copper by neutron activation analysis is susceptible to
interference from metals as well as electrolytes. There-
fore, biopsy specimen handling and storage should be
standardized in order to allow comparison of results to
a normal range. Our normal reference range for copper
was established for biopsy samples that were taken by
means of the Menghini technique, using sterile water
(not 0.9% NaCl) as well as copper-free plastic containers
for storage. In our opinion, interpretation of quantita-
tive copper concentrations from paraffin-embedded liver
tissue, taken by different techniques and stored under
nonstandardized conditions, could be difficult and
potentially misleading.

Copper accumulation is always localized centrolobu-
larly in inherited copper storage disorders (eg, Bed-
lington Terrier copper toxicosis, Wilson’s disease in
humans, liver disease in Long-Evans Cinnamon rats).
Therefore, localization of copper in the centrolobular
region of the liver lobule in our Labrador Retrievers
may be considered an indicator for primary copper
accumulation. This disease is unlike secondary copper
loading of liver cells during cholestasis and cholatestasis,
where copper is mainly restricted to the periportal
parenchyma. In all biopsy samples of the investigated
family members, hepatocytes that stained positive for
copper were always localized in zone 3 (ie, centrolobu-
lar), and semiquantitative hepatic copper concentrations
in this group of dogs ranged from 1+ to 3+ (mean, 2-3+).
Although we were unable to investigate all members of
the family of interest, the participating dogs represent
a random sample of all 3 matings. Hepatic copper
concentrations of all investigated members of this family
were abnormal.

Our findings suggest that copper-associated chronic
hepatitis is familial and most likely caused by an
inherited genetic defect in the Labrador Retriever. The
results of this study support prospective studies in larger
populations, as well as molecular biologic studies
concerning copper metabolism, to identify the possible
genetic basis of the disorder.

Footnotes

#Nederlandse Labardor Vereniging, Oosterbeek, Netherlands

®0: no copper, 1: solitary liver cells and/or reticulohistiocytic
(RHS) cells containing some copper positive granules, 2: small
groups of liver cells and/or RHS cells containing small to
moderate amounts of copper positive granules, 3: larger groups
or areas of liver cells and/or RHS cells containing moderate
amounts of copper positive granules, 4: large areas of liver cells
and/or RHS cells with many copper positive granules, 5: diffuse
presence of liver cells and/or RHS cells with many copper positive
granules

¢SPSS 11.0 for windows, 2001, SPSS Inc, Chicago, IL

9ntervet International BV, Boxmeer, Netherlands
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