Clinicopathological characteristics and
prognostic markers in canine and feline
primary liver tumours

Renée van Sprundel
2015

ISBN: 978‐90‐3936‐406‐2
Cover & layout: Jasper Kremer
Printing: GVO drukkers & vormgevers, Ede, The Netherlands
Copyright© 2015 by Renée van Sprundel. All rights reserved. No part of this
publication may be reproduced or transmitted in any form or by any means, without
permission of the author.
Publication of this thesis was made possible by the generous support of the
Department of Clinical Sciences of Companion Animals, Faculty of Veterinary
Medicine, DixFortuin B.V., Royal Canin Nederland B.V., Vetvisuals® International,
Zoetis, Scil animal care company B.V., Phytotreat B.V., Familie van Sprundel.

Clinicopathological characteristics and prognostic
markers in canine and feline primary liver tumours
Klinisch‐pathologische karakteristieken en prognostische merkers in primaire
levertumoren bij de hond en kat
(met een samenvatting in het Nederlands)

Proefschrift
ter verkrijging van de graad van doctor aan de Universiteit Utrecht op gezag van de
rector magnificus, prof. dr. G.J. van der Zwaan, ingevolge het besluit van het
college voor promoties in het openbaar te verdedigen op dinsdag 24 november
2015 des ochtends te 10.30 uur

door
Renée Gabriëlle Henriëtte Marie van Sprundel
geboren op 27 mei 1979 te Zeist

Promotor:

Prof. dr. J. Rothuizen

Copromotor:

Dr. B. Spee

Opgedragen aan mijn lieve zus Michèle

Contents
Chapter 1.

Aims and scope of the thesis

9

Chapter 2.

General introduction

19

Chapter 3.

Keratin 19 marks poor differentiation and a more
aggressive behaviour in canine and human hepatocellular
tumours

49

Chapter 4.

Classiﬁcation of primary hepatic tumours in the dog

71

Chapter 5.

Classiﬁcation of primary hepatic tumours in the cat

97

Chapter 6.

Morphological classification of neoplastic disorders of the
liver in dogs and cats

127

Chapter 7.

Cellular characteristics of Keratin 19 positive canine
hepatocellular tumours

157

Chapter 8.

Summarizing discussion and conclusion

179

Chapter 9.

Nederlandse samenvatting voor niet‐ingewijden
About the Author
(Curriculum Vitae, List of publications, Presentations)
Acknowledgements (Dankwoord)

203
215
221

7

8

Chapter 1
Aims and scope of the thesis

9

Chapter 1

Aims and scope of the thesis
Primary liver tumours in dogs and cats are relatively rare, representing 0.6‐1.5% of all
tumours in dogs (1,2) and 1.0‐2.9% of all tumours in cats (3,4), and most of the
affected animals are older animals. Except for cholangiocellular carcinoma associated
with chronic cholangitis due to liver fluke infections in cats (5), no predisposing
factors are known and, in most cases, no additional primary liver pathology is present
(3,6). Liver cancer in man is a disease of increasing incidence worldwide and
hepatocellular carcinomas are the fifth leading cause of death on a worldwide basis
(7). In man hepatocellular carcinomas often arise in cirrhotic livers which frequently
are associated with predominant risk factors like hepatitis B and C infections, alcohol
abuse and aflatoxins (8,9,10,11). Over the past decade, many advances have been
made in the characterisation of primary liver tumours in human, in particular to the
identification and significance of hepatic progenitor cells (HPCs) (12,13,14).
The advances made in the characterisation and classification of the human primary
epithelial liver tumours particularly with respect to the identification of HPCs in such
tumours has given new insights in the origin of these primary liver tumours and
resulted in a new human classification scheme. HPC and reactive HPC proliferation
have been identified and characterised in dogs and cats in various parenchymal liver
diseases (15). In view of the similarities in cell biological mechanisms involved in
regeneration as well as tumour development between man and small domestic
animals, it is conceivable that the recent findings in human hepatic tumour pathology
may also be true for canine and feline hepatic tumours. New insights in the primary
epithelial liver tumours in dogs and cats can contribute to the knowledge about the
morphology of several (new) primary epithelial liver tumours in dogs and cat. In
addition, it will offer the possibility to diagnose the several tumours more specifically
and may provide new insights for an earlier diagnosis and better treatment of
primary liver tumours in the veterinary field. Collection of paraffin material from
primary liver tumours of dogs and cats from the archives of the universities in
Utrecht, Berlin and Zurich and the laboratory for Veterinary Pathology in
Hoensbroek, has led to a varied group of canine and feline epithelial primary liver
tumours which forms the basis of this thesis.
In the introduction (Chapter 2) an overview is given of the literature regarding the
presence and significance of hepatic progenitor cells in regeneration after liver injury,
their recognition and prognostic significance in human primary epithelial liver
tumours and, hence, the new human classification of primary liver tumours and their
description. In addition, it presents the current knowledge on histological and
immunohistochemical markers used in the classification of the various primary
epithelial liver tumours and their use for functional characterisation of these

10

Aims and scope of this thesis
tumours. Finally, it summarizes the current state of primary epithelial liver tumours
in dogs and cats.
Human patients with hepatocellular tumours with HPC features have a worse
prognosis, a higher recurrence rate after surgical treatment (even after
transplantation) and a significantly shorter survival compared to patients with
hepatocellular tumours without these HPC features (16,17,18,19). These studies in
man validate the progenitor cell marker, keratin (K)19, as a clinically meaningful and
prognostically relevant marker for hepatocellular carcinoma. The expression of K19
has never been reported in a subset of canine hepatocellular carcinomas (HCCs) and
no suitable mouse models exist for this subtype of HCC, nor is the incidence of K19
expression in hepatocellular neoplasia in model animals known. Therefore, in the
first part of this thesis, we compared the occurrence and tumour behaviour of K19
positive hepatocellular neoplasias in dog and man (Chapter 3).
According to the findings of K19 as prognostic marker in hepatocellular carcinomas
(16) and the recognition of K19 positive HPCs in cholangiocellular carcinomas (20), a
new human hepatic tumour classification has been proposed (21). In this
classification human hepatocellular tumours are subdivided in hepatocellular
adenomas, hepatocellular carcinomas which are negative or less than 5% positive for
K19 and hepatocellular carcinomas which are more than 5% positive for K19. The
cholangiocellular tumours can be subdivided in cholangiocellular adenomas,
cholangiocellular carcinomas, cholangiolocarcinomas and mixed hepatocellular‐
cholangiocellular tumours. Currently, canine and feline primary epithelial tumours
are classified as hepatocellular adenomas and carcinomas, cholangiocellular
adenomas and carcinomas, mixed hepatocellular and cholangiocellular carcinomas,
and hepatic carcinoids (22,23,24). With the recognition of hepatic progenitor cells
and their presence and significance in primary epithelial hepatic neoplasms in man
this canine and feline classification might require to be up‐dated in order to assist
veterinarians in the diagnosis and treatment of liver cancer in veterinary medicine.
Therefore, in the second part of this thesis, primary hepatic neoplasms in dogs and
cats are classified and differentiated using immunohistochemical stains for markers
representative of hepatocytic and cholangiocytic lineages (13,25,26,27). In Chapter 4
and 5 the presence and relative frequency of morphological types of canine and
feline primary hepatic neoplasms are investigated. For the canine primary hepatic
neoplasms there is also determined whether a classification similar to the human
scheme can be applied to these canine neoplasms. On the basis of the new canine
characterisation of the epithelial primary hepatic neoplasms (Chapter 4) is
determined whether a similar new classification scheme made for the dog can be
applied in cats (Chapter 5).
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In Chapter 6 the morphological classification of the neoplastic disorders of the canine
and feline liver based on the findings described in chapter 4 and 5 is defined in detail.
Although K19 positivity of hepatocellular tumours is clearly associated with a poor
prognosis, it remains unclear why these particular tumours are more aggressive
compared to K19 negative hepatocellular tumours. It is unclear whether the
presence of K19 is a mediator or just an epiphenomenon of a more aggressive
phenotype. Some authors suggest K19 provides tumour cells with a higher metastatic
potential by promoting extracellular matrix degradation and/or cell mobility (28,29).
To better understand the aggressive behaviour of K19 positive hepatocellular
tumours, in the third part of this thesis, the cellular characteristics of the K19 positive
canine hepatocellular carcinomas were studied and compared with K19 negative
hepatocellular adenomas (Chapter 7). The K19 positive and K19 negative tumours
were immunohistochemically stained and compared for the presence of proteins
known to be crucial in tumour development with regard to angiogenesis, invasion,
proliferation and increased survival.
Chapter 8 provides a summarizing discussion and conclusions.
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The specific research aims and scope
 Is the occurrence and tumour behaviour of K19‐positive hepatocellular
neoplasia in the dog comparable with man (Chapter 3)?
 Can the human liver neoplasia classification system be applied to
canine liver neoplasia (Chapter 4)?
 Can the human liver neoplasia classification system be applied to
feline liver neoplasia (Chapter 5)?
 What is a relevant classification system for canine and feline liver
neoplasias (Chapter 6)?
 Can immunohistochemical staining of the HPC‐niche explain the
difference in malignant behaviour of K19‐positive versus K19‐negative
canine liver tumours (Chapter7)?
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Chapter 2

General introduction
The liver is the body’s main detoxifying organ and responsible for various other
functions including clotting factor production, and sugar/lipid metabolism. It
constitutes of around 70% of hepatocytes (detoxification, clotting factors, lipid
metabolism), 5% cholangiocytes (bile ducts cells, for the removal of bile acids) and
several other cell types such as Kupffer cells (liver specific macrophages), stellate
cells (responsible for intrahepatic blood pressure) and hepatic progenitor cells
(reserve cell compartment). Since the liver is exposed to drugs and (bacterial) toxins,
it does not come as a surprise that tumours can arise in the liver.

Liver cancer
Tumours that arise from hepatocytes or intrahepatic bile ducts (cholangiocytes) are
called primary liver tumours (1) (Figure 1A,B). They are usually found by clinical
imaging techniques performed after a patient presents itself with specific symptoms
such as an abdominal mass, pain, jaundice, nausea, or liver dysfunction. Liver cancer
in man is a disease of increasing incidence worldwide and hepatocellular carcinomas
are the fifth leading cause of death on a worldwide basis (2). In man hepatocellular
carcinomas (HCC) often arise in cirrhotic livers and this makes cirrhosis the
predominant risk factor for HCC. Infection with hepatitis C and/or B viruses and
alcohol abuse are predisposing factors for development of cirrhosis and thus HCC
(1,3,4,5). Other risk factors for developing HCC include non‐alcoholic steatohepatitis,
diabetes, and obesity (6,7). In Asia the cholangiocellular carcinoma (CC) associated
with chronic cholangitis due to liver fluke infection, accounts for most of the primary
malignant hepatic tumours in man (8,9). In dogs and cats liver cancer is less common
compared to man and in the dog no liver pathology is seen prior to or in combination
with primary epithelial liver tumours. Interestingly, in the cat chronic cholangitis due
to liver fluke infection has been associated with the development of cholangiocellular
tumours (10,11) which is comparable to the human situation.
The World Small Animal Veterinary Association (WSAVA) has started to implement a
globally accepted standard of morphological classification of primary liver tumours in
dogs and cats (12). With the recognition of hepatic progenitor cells and their
presence and significance in primary epithelial hepatic neoplasms in man this
classification might require to be up‐dated in order to assist veterinarians in the
diagnosis and treatment of liver cancer in veterinary medicine. Most of the dogs and
cats with malignant primary liver tumours are euthanized because the tumour
already has metastasized at the time of diagnosis. The only curative therapy for dogs
and cats with primary liver tumours to date is resection of the part of the liver in
which the tumour is located. A new WSAVA classification may make it possible to
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diagnose primary liver tumours more specific and may provide new insights for an
earlier diagnosis and better treatment of primary liver tumours in the veterinary
field.

A

B

Figure 1. A. Cat. Hepatocellular adenoma. B. Dog. Cholangiocellular carcinoma (reprint with permission
of the WSAVA (12)).

Embryonic liver development
To understand the development and immunohistochemical characteristics of primary
epithelial hepatic tumours, it is important to have knowledge of specific elements in
the embryonic development of the liver. During embryogenesis, the liver arises from
the hepatic diverticulum of the foregut, which comprises two parts; a cranial or
hepatic part and a caudal or cystic part. The cystic part gives rise to the gall bladder
and common bile duct. The hepatic part gives rise to primitive liver cells growing into
the vascularized mesenchyme of the septum transversum and thus forming a mass of
liver cells alternating with hepatic sinusoids, and primitive portal areas consisting of
portal veins surrounded by myofibroblast rich stroma. The primitive cells or
hepatoblasts, described as the precursors for hepatocytes and cholangiocytes, can be
characterized by several immunohistochemical markers, like α‐fetoprotein, albumin
and several keratins (K) including K7 and K19 (13,14). Keratins are intermediate
filaments of epithelial cells and 20 different keratins have been identified (15). In the
neonatal and adult liver hepatocytes express K8 and 18 whereas bile ducts express
K7 and 19 (16,17,18).
In the human embryo, no intra‐hepatic bile ducts are present at the age of 7‐8 weeks
and the primitive liver cells (hepatoblasts) express the markers keratin 8, 18 and 19.
At about 9‐10 weeks, hepatoblasts which are surrounding large portal vein branches
near the liver hilum express these keratins more intensely and form a layer of cells
around the mesenchyme of the primitive portal tracts, the so called ductal plate
(Figure 2A) (16). The liver cells that do not form the ductal plate lose their K19
expression. This is followed by regional duplication of the ductal plate and, from 12
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weeks onwards, a lumen will form within the double layered areas and subsequently
tubular transformation occurs (Figure 2B) (16).

A

B

Figure 2. A. Increased expression of keratins in primitive hepatocytes (arrow) at the interface with the
mesenchyme of the primitive portal tracts; human foetus of 12 weeks’ gestation. (immunoperoxidase
staining; antibody (5D3) to low molecular weight keratins). B. Later stage showing a discontinuous
double‐layered plate of epithelial cells (arrow) at the mesenchymal interface; note the formation of
tubular structures (upper right, arrow head) within this plate. Human foetus of 14 weeks’ gestation.
Immunoperoxidasestaining; antibody (5D3) to low molecular weight keratins. (Reproduced from (16)).

Further remodelling occurs by incorporation of the tubular structures as individual
bile ducts in the stroma of the primitive portal areas. The development of the hepatic
artery precedes and is essential for the incorporation of the tubular part of the ductal
plate into the primitive portal area. Weak immunoreactivity to K7 is present in large
bile ducts from about 20 weeks of gestation (16) and the immunoreactivity to K7 will
increase in time with the development of the bile ducts.

Adult stem/progenitor cells of the liver
Long ago people already showed interest in the origin of tumours. Pathologists like
Virchow in the 19th century observed that some tumours exhibit features of a whole
range of different organs (teratomas / teratocarcinomas) and he hypothesized that
these tumours originated from embryonal rests (16,19). The modern equivalent of
such embryonal rests are stem cells and we now know that tumours can originate
from stem cells through malignant transformation on their way to a differentiated
mature cell type in any given organ. For continuously renewing systems like the
epidermis, the gut and the hematopoietic tissue, it is widely accepted that cancer can
arise from tissue specific stem cells, also known as adult progenitor cells, since tissue
specific stem cells are the only cells which have a life span long enough to acquire the
requisite number of genetic changes for neoplastic development (13). Also in the
liver tissue specific stem cells, called adult hepatic progenitor cells (HPCs), are
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present which might play an important role in the development of some of the
primary epithelial hepatic tumours (17,18,20,21,22,23,24).
The hepatocytes, although fully differentiated cells, in the liver are known for their
large regenerative capacity and in cases of liver injury the liver will try to regenerate
itself by proliferation of mature hepatocytes. However, in some cases of severe
parenchymal liver disease the regenerative response of hepatocytes is failing or even
absent (25). In these circumstances the HPCs become activated and start to
proliferate. Their differentiation status towards the hepatocytic or cholangiocytic
lineage (26) depends on the nature and constitution of the surrounding matrix (27).
Hepatic progenitor cells may also be activated when the regenerative capacity of
mature cholangiocytes is impaired; these most likely will differentiate into the
cholangiocytic lineage and cause regenerative bile duct proliferation. The extent of
progenitor cell activation is directly correlated with the severity of the disease
(28,29). Several reports show that in human liver, progenitor cells are not only
activated after severe loss (submassive necrosis) of parenchyma but also in chronic
hepatitis (16,27,28,31). In chronic liver diseases of different aetiology, hepatocyte
replication becomes hampered due to telomere shortening (18). This inhibition of
hepatocyte replication is a trigger for progenitor cell activation in chronic liver
diseases (16).
Hepatic progenitor cells (HPCs) are small primitive immature epithelial cells with an
oval nucleus (hence called oval cells in rodents) and scant cytoplasm which are
located in the Canal of Hering (27), the smallest ramifications of the biliary tree,
which are connected to the intralobular bile canaliculi. These structures are located
close to the portal area and are lined by both cholangiocytes and hepatocytes (28).
HPCs constitute a heterogeneous population of non‐parenchymal epithelial cells and
they are the human counterpart of the so‐called oval cells in the murine liver (31,32).
Hepatic progenitor cells are bipotent and capable to differentiate towards the biliary
and the hepatocytic lineages (Figure 3). Differentiation towards the biliary lineage
occurs via formation of reactive bile ductules, which are anastomosing ductules lined
by immature biliary epithelial cells with a relatively large and oval nucleus
surrounded by a small rim of cytoplasm. Hepatocytic differentiation leads to the
formation of intermediate hepatocyte‐like cells, which are defined as polygonal cells
with a size intermediate between that of hepatic progenitor cells and hepatocytes
(27,33,34). HPCs can histologically be characterized by a combination of their
location and specific morphology upon activation, called ductular reaction or bile
duct proliferation (35,36), and by marker expression. Many classical HPC‐markers,
such as keratin K7 and K19, have a shared expression with cholangiocytes, which
underlines the significance of combining the interpretation of marker expression with
histological evaluation. Other HPC markers are CD133 and EpCAM, which are also
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expressed in other stem cells such as hematopoietic or embryonic stem cells (37).
HPCs are in close proximity to other liver cell types such as hepatocytes,
cholangiocytes and stellate cells. This cellular compartment is called the HPC‐niche,
which is not only a histological but also a functional unit. The HPC niche can be
dynamic during its various states of quiescence, proliferation and differentiation,
which is reflected by marker expression. Some of the markers, like CD133, are
expressed by only a subset of cells or only upon activation (38,39). Although HPCs are
epithelial cells, they can also display mesenchymal characteristics depending on their
activation status (e.g. need for migration capacity). This is reflected in the expression
of CD29 (integrin β1) and CD44 (hyaluronic acid receptor and co‐receptor for
hepatocyte growth factor), both proteins involved in cell‐matrix interactions and
potentially critical for cell migration (40).
HPCs are described amongst others in rodents, humans, dogs and cats
(27,41,42,43,44) whereby interspecies differences exist in HPC marker expression
(40,45). Therefore, it is important to evaluate appropriate markers in the species of
interest (46).
Although the Canal of Hering is the most commonly described niche of the HPC in
mouse, rat, human, and dog (17,41,44,47) there is still discussion about the origin of
HPCs and the significance of the HPCs in repair after liver injury. In man, a biliary
origin of the HPC is described, but also the extrahepatic peribiliary glands are
described as the prime location for HPCs (48,49). A long‐standing debate in the field
has centered on whether progenitors are derived from biliary like stem cells that
acquire hepatocyte functions or from hepatocytes that lose hepatocyte functions
(50,51). In the study of Yanger et al. (52) they have tested three distinct lineage
tracing approaches to test the hypothesis that regeneration from toxin induced liver
damage is mediated by facultative stem cells. The data suggest that atypical ductular
cells, like hepatic progenitor cells and other non‐hepatocyte populations do not
contribute significantly to hepatocyte neogenesis during liver regeneration induced
in that model. They suggest that new adult hepatocytes come from pre‐existing
hepatocytes, not only following partial hepatectomy but also in the setting of toxin
injury. It was proposed that hepatocytes are able to divide more than 100 times
without losing function (53) and can also differentiate into biliary cells upon injury
(54,55,56). Hepatocytes, rather than biliary cells would appear to constitute the
facultative stem cell compartment of the liver (52). In the studies described these
hepatocyte derived proliferative ducts displayed the properties which are described
as classic oval cells. They proliferate as ducts in the periportal region of the hepatic
lobule and can produce hepatocyte progeny. The serial transplantation experiments
indicate that hepatocyte‐derived progenitors give rise to hepatocytes at an efficiency
much higher (>60%) than that of clonogenic progenitors derived from biliary system
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(<1%) (39). They also described that the conversion of mature hepatocytes into
biliary‐like progenitor cells is a reversible process suggesting that this can be a
mechanism for hepatocytes to escape injury, expand, and redifferentiate into
functional hepatocytes after damage subsides (57). Whether the involvement of
hepatocytes in biliary differentiation is a peculiarity of the model tested or a more
generalised phenomenon needs to be investigated.
Next to the statements that hepatocytes or cholangiocytes are the origin of HPCs,
another report mentions that the hepatic stellate cell contributes to HPCs and liver
regeneration (58). In addition, there are speculations that during and after episodes
of severe liver injury in both human and animal liver, a considerable portion of the
cells in the HPC compartment and of the mature hepatocytes and cholangiocytes are
derived from hematopoietic stem cells (59,60,61,62,63,64). This suggests that the
bone marrow forms a reservoir which is appealed to when there is extensive liver
injury. The stem cells from the bone marrow likely enter the liver through the portal
vasculature and probably first locate next to the bile ductules in the portal tract,
followed by incorporation of these cells into bile ductules and canals of Hering
(27,60,65,66). However, other studies have shown that these hematopoietic stem
cells represented only a minor fraction (0‐1.6%) of the HPC compartment (67) and
that at least in some animal models, liver repair by bone marrow‐derived cells take
place by cell fusion (27,68,69). To fully clarify these issues further studies are needed
(40).
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Figure 3. Scheme of phenotypic changes during the differentiation of hepatic progenitor cells. Hepatic
progenitor cells can differentiate towards hepatocytes (orange arrows) and biliary cells (cholangiocytes)
(blue arrows). In biliary diseases, they mainly differentiate towards cholangiocytes whereas in liver
diseases characterized by hepatocyte loss, they mainly differentiate into hepatocytes. These
differentiation processes occur via cell types intermediate between progenitor cells and
cholangiocytes/hepatocytes. Adult hepatocytes can dedifferentiate via the intermediate cells to the
ductular reaction (green arrows) and from there redifferentiate to hepatocytes (green arrows) or
differentiate to cholangiocytes (blue arrow) (adapted from 27).

Cellular origin of primary epithelial liver tumours
The liver is a silent organ with several different epithelial cell types like hepatocytes,
cholangiocytes and also hepatic progenitor cells, which all can be a carcinogenic
target (33,34). Depending on which cell is the carcinogenic target and in the case of
the HPC the degree and type of differentiation respectively arrest of differentiation a
broad scale of epithelial liver tumours can arise with even phenotypically overlapping
features of hepatocellular and cholangiocellular tumours. In conclusion, a liver
tumour can be derived from three different cell types: mature hepatocytes, bipotent
hepatic progenitor cells, and mature cholangiocytes (34) (Figure 4).
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Figure 4. Proposed origin and classification of primary liver tumours in man. HPC: hepatic progenitor
cell. HCC, hepatocellular carcinoma; CC, cholangiocellular carcinoma; CLC, cholangiolocarcinoma; K19,
keratin 19.

Several studies in man have shown that a considerable proportion of hepatocellular
carcinomas (HCC) express one or more HPC markers that are not present in healthy,
mature hepatocytes (17,20,21). The expression of HPC markers in these tumours is
still a point of uncertainty and can be explained in two ways, either by maturation
arrest of the neoplastic progenitor cells or alternatively by dedifferentiation of
neoplastic hepatocytes. The “maturation arrest‘’ hypothesis (34) states that genetic
alterations in an HPC or its immediate progeny cause aberrant proliferation and
prevent its normal differentiation (Figure 5). Further accumulation of genetic
alterations eventually leads to malignant transformation of these incompletely
differentiated cells. The resulting HCC expresses HPC markers as evidence of its origin
(34). However, expression of HPC markers can also be interpreted in the setting of
the “dedifferentiation‘’ hypothesis, which suggests that the expression of HPC
markers in hepatocellular tumours is acquired during tumour progression as a
consequence of accumulating mutations (34) (Figure 5).
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Figure 5. Schematic representation of the “maturation arrest” hypothesis and the “dedifferentiation”
hypothesis applied to hepatocellular carcinoma and its precursor lesions. According to the “maturation
arrest” hypothesis genetic alterations (orange nuclei) in hepatic progenitor cells causes proliferation and
incomplete differentiation of these cells, eventually leading to hepatocellular carcinomas that express
hepatic progenitor cell markers (dark blue cells). The “dedifferentiation “ hypothesis states that the
expression of the hepatic progenitor cell markers in hepatocellular carcinoma is merely a result of
dedifferentiation of hepatocytes to HPCs and consequently the precursor lesions should only consist of
mature and,or intermediate hepatocytes. (Reproduced from (34))

Primary liver tumours in man
About half of the human hepatocellular carcinomas express one or more markers of
progenitor cells such as alpha‐fetoprotein (AFP), keratin 7 and keratin 19 (70) and
55% of small cell dysplastic foci, the earliest premalignant lesions known to date in
humans, consist of progenitor cells and intermediate hepatocytes (71). Human
patients with hepatocellular tumours with HPC features have a worse prognosis, a
higher recurrence rate after surgical treatment (even after transplantation) and a
significantly shorter survival compared to patients with hepatocellular tumours
without these HPC features (17,18,72,73). Several studies show that above a cut‐off
of 5% K19 positive cells already influences the outcome of the patient (17). Recently
also a subtype of cholangiocellular carcinoma has been reported as an HPC‐derived
tumour showing histological diversity with hepatocytic and cholangiocytic
differentiation characteristics (74).
According to these facts, a new human hepatic tumour classification was proposed
by an international consensus group (74).
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Human primary epithelial hepatic neoplasia are classified as follows, and will be
discussed below:
 Focal nodular hyperplasia
 Hepatocellular tumours
‐
hepatocellular adenoma (HCA)
‐
hepatocellular carcinomas which are negative or less than 5%
positive for K19
‐
hepatocellular carcinomas which are more than 5% positive for K19
(HCC)
‐
scrirrhous hepatocellular carcinomas (sHCC)
 Cholangiocellular tumours
‐
cholangiocellular adenoma (CA)
‐
cholangiocellular carcinoma (CC)
‐
cholangiolocarcinoma (CLC)
‐
mixed hepatocellular‐cholangiocellular carcinoma (HCC‐CC)
 Hepatoblastoma
 Neuroendocrine carcinoma
Hepatocellular tumours
Focal nodular hyperplasia (FNH) and hepatocellular adenoma (HCA) are benign
hepatocellular masses defined by benign proliferation of hepatocytes with a mass‐
forming presentation (75).
Focal nodular hyperplasia(FNH) was described for the first time by Edmondson in
1956 (76). The lesion is considered a non‐neoplastic and hyperplastic response of
liver parenchyma to “a pre‐existing local arterial spiderlike malformation”. They
occur frequently in women (77) and usually are asymptomatic benign tumours that
are generally found incidentally using imaging (78).
Hepatocellular adenomas (HCA) are rare hepatocellular nodules, defined as a
monoclonal proliferation of well‐differentiated hepatocytes arranged in sheets and
cords. They are also characterized by the absence of a portal tract and interlobular
bile ducts (78). Usually, HCA lesions are solitary and asymptomatic. In a typical
variant more than 10 nodules are present in the affected liver. This presence of
multiple nodules is considered as a unique entity, called hepatic adenomatosis. Large
tumours can become symptomatic if they rupture or bleed spontaneously, leading to
hemorrhagic shock. Besides the risk of rupture and bleeding, a small subset of HCA
tumours have the potential to undergo malignant transformation (79). Because of
these risks HCAs are frequently resected when their size exceeds 5 cm (78). The risk
of malignant transformation can be observed for small nodules in rather specific
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conditions (77) and HCA combined with chronic hepatitis B virus infection has an
increased risk of malignant transformation (80).
Hepatocellular carcinomas (HCC) can be massive, nodular or diffuse and the
metastatic rate is dependent upon this morphology. As mentioned before the HCC
can derive from mature hepatocytes, but also from hepatic progenitor cells in
different developmental stages (34). HPC‐derived tumours can display varying
hepatocytic and/or cholangiocytic differentiation characteristics within the same
tumour (74,87). The HCC which are derived from mature hepatocytes do not have
progenitor cell characteristics and are K19 negative (34). The HCC which have HPC
characteristics are K19 positive. These tumours can be grouped based on the amount
and location of K19 positivity and the histological appearance of the tumour (74).
Scirrhous HCC (s‐HCC) is a genomic subtype of HCC which express CC like gene
expression traits. This tumour is characterized by abundant fibrous stroma. Scirrhous
HCC express several progenitor cell markers, such as K7 and K19. This suggests that s‐
HCCs may contain intermediate characteristics between HCC and CC, including
progenitor cell characteristics. Also in s‐HCC, the expression of progenitor cell
markers can play an important role in degree of malignancy and clinical outcome
(80).
Cholangiocellular tumours
Cholangiocellular adenoma (CA) is regarded as a benign tumour composed of many
small, uniformly sized ducts with cuboidal cells resembling bile ducts and variable
fibrous stroma (59,68,81). Most of the CA are asymptomatic nodules discovered
incidentally during intra‐abdominal surgery or at autopsy. CA is generally regarded a
reactive process to focal injury and may arise for example in chronic advanced liver
diseases such as chronic viral hepatitis. CAs which are found deep in the liver
parenchyma, or CAs with minor biliary epithelial atypia and unusual features may be
precursor lesions for CC (82).
Cholangiocarcinoma (CC) is the most frequent biliary malignancy (83) and the second
most common primary epithelial liver tumour in man (84). It’s incidence in man has
increased over the last few years. Cholangiocarcinoma defined as a carcinoma of the
biliary epithelium can arise in the liver parenchyma (intrahepatic) or everywhere
along the extrahepatic biliary tract (extrahepatic). The extrahepatic bile ducts are
lined by cylindrical mucin‐producing cholangiocytes. Inside the liver there are large
intrahepatic bile ducts with similar mucin producing cylindrical cells and small
intrahepatic bile ductules with mucin‐negative cuboidal cholangiocytes (74). Ductules
also contain hepatic progenitor cells (HPC) (28). Komuta et al. hypothesize that the
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different cholangiocyte phenotypes could lead to different clinicopathological
phenotypes of CC (85). Mucin producing cylindrical cholangiocytes could lead to
mucin producing CC such as hilar CC (Klatskin tumour), whereas mucin negative
cuboidal cholangiocytes could give rise to mucin negative CC and in case of neoplastic
HPCs to tumours with hepatocytic and cholangiocytic differentiation characteristics.
An example of the latter is the cholangiolocellular carcinoma (CLC) (74).
Cholangiolocarcinoma (CLC) is a subtype of intrahepatic CC and reported as an HPC‐
derived tumour showing histological diversity with hepatocytic and cholangiocytic
differentiation characteristics. Pathological examination showed that CLC is
comprised of three different histological areas: CLC, HCC like, and CC. These different
areas showed their own characteristic phenotypes but they also showed transitional
zones with each other. Therefore, the possibility of a collision tumour can be
excluded. The CLC areas, which comprises more than 90% of the tumour, consist of
ductular structures, which are highly positive for the HPC/cholangiocytic marker K19.
The HCC like trabecular areas are localized at the tumour boundaries and the cells in
these areas showed a positivity with canalicular staining pattern for CD10 and pCEA
and a submembranous K7 expression, comparable with intermediate hepatocytes
(86). Also cytoplasmic positivity for K19 and K7 can be seen in this area. Electron
microscopic examination confirmed the presence of progenitor cells and a spectrum
of intermediate hepatocytes (85).
Combined HCC‐CC is a rare liver tumour which is characterized by the intimate
intermingling of histological unequivocal HCC and CC components. Several different
hepatic tumours displaying a mixture of histological characteristics of HCC and CC are
described in the literature as combined HCC‐CC. These combined HCC‐CC tumours
account for 0.4% to 14.2% of all primary hepatic tumours, with the incidence varying
in different regions of the world (87). In most of the cases in addition to typical HCC
and CC areas, there are transitional regions which contain immature appearing cells
that express hepatic progenitor cell markers such as K19. When such transitional
regions predominate, the tumour will be classified as a subtype of HCC‐CC with
progenitor‐cell features. The CLC is also a tumour displaying a mixture of histological
characteristics of HCC and CC, so possibly the combined HCC‐CC and the CLC should
be classified in one group.

Diagnostics and outcome of primary liver tumours in man
Treatment options for highly malignant primary liver tumours in man are limited and
overall survival rates are low. Earlier detection increases the chance for curative
treatment options. The major treatment modalities for small HCC considered as
curative are resection, liver transplantation and ablation therapy. In spite of the
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multiple described therapeutic possibilities for human HCC the recurrence rates are
high and the long‐term survival is poor. An additional dilemma is the limited
availability of healthy donor livers. Patient selection for the best treatment modality
is the key to success of treatment of HCC (88).
However, despite recent advances in diagnosis, such as improved imaging and
cytology techniques, further work is necessary to overcome the challenge of
diagnosing hepatic tumours at an earlier stage (84). Thus, the ability to predict
individual recurrence risk and subsequently prognosis would help guide surgical and
chemotherapeutic treatment. Over the past decade, a lot of new advances have been
made in the characterisation of primary liver tumours in man. These advances have
led to the identification of several molecular markers that correlate with important
biological characteristics and sometimes the origin of the tumours. These markers
can facilitate the diagnosis and categorisation of these tumours (84) and thereby help
to detect, diagnose and clinically manage some types of cancer (89).

Histological and Immunohistochemical markers
The previous section described the histological features of the different types of liver
tumours that occur in man. Histology of tissues shows how cells are organized within
the tissue and how cells and their organisation are modified according to the
functional demands. Histological interpretation is a very important tool in the
diagnosis of liver cancer. In addition to histological interpretation,
immunohistochemical staining can be used to further characterise and classify liver
cancer.
Histological grading and staging
Histological grading of tumours is based on the presence of cellular characteristics
typical for malignancies. Tumours with lack of differentiation and a high degree of
anaplasia and/or many mitotic figures will grow faster and progress more rapidly to
cause death of the patient. Edmondson and Steiner proposed to grade HCC on a scale
of 1 to 4, with increasing nuclear irregularity, hyperchromatism and
nuclear/cytoplasmic ratio, associated with decreasing cytological differentiation for
each successively higher grade.
Canine examples of the cellular characteristics as mentioned above and used for the
grading of tumours are given in Figure 6A‐D.
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A

B

C

D

Figure 6. A. Variation in nuclear / cytoplasmic ratio of neoplastic cells (canine hepatocellular tumour
(HE)). B. Neoplastic cells with a high nuclear / cytoplasmic ratio, hyperchromatic nuclei and
anisokaryosis. (canine hepatocellular tumour (HE)). C. Variation in nuclear size, nucleolar variation and a
multinucleated tumour cell (arrow) (canine hepatocellular tumour (HE)). D. Neoplastic cells with a
relatively high nuclear/cytoplasmic ratio and many mitotic figures (arrows). (canine hepatocellular
tumour (HE)).

Histological staging, as opposed to grading describes the extent or severity of a
cancer based on the extent of the original (primary) tumour and the spread of the
tumour through the body. Cancer cells divide and grow without control. Cancer cells
may metastasize from the tumour and infiltrate in the surrounding tissue or enter
the bloodstream or the lymphatic system. By moving through the bloodstream or
lymphatic system, cancer cells spread from the primary site to form metastatic
tumours in other organs. Staging systems for cancer have evolved over time. Some
staging systems cover many types of cancer; others focus on a particular type. The
TNM system is one of the most commonly used staging systems. This system has
been accepted by the International Union Against Cancer (UICC) and the American
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Joint Committee on Cancer (AJCC) (90). Most medical facilities use the TNM system
as their main method for cancer reporting. The TNM system is based on the extent of
the tumour (T), the extent of spread to the lymph nodes (N), and the presence of
distant metastasis (M). A number is added to each letter to indicate the size or extent
of the tumour and the extent of spread (90).
Canine examples of the histological characteristics as mentioned above and used for
the staging of tumours are given in Figure 7A and B.

A

B

Figure 7. A. Border of the tumour with invasive growth in the adjacent fibrous tissue (arrow) (canine
hepatocellular tumour (HE)). B. Liver with invasion of neoplastic cells in the portal vein (white arrow),
lymphatic vessel (arrowhead) as well as some neoplastic microsatellites (black arrow) (canine
hepatocellular tumour (HE)).

Immunohistochemistry
In addition to histological interpretation, immunohistochemistry is an important tool
in the classification of the various primary epithelial hepatic neoplasms.
Immunohistochemical markers may represent a specific cell type or may exhibit
specific staining patterns for different cell types/structures. As interspecies
differences exist in marker expression (40), it is important to evaluate appropriate
markers in the species of interest. The most important immunohistochemical
markers which may be used for the classification of canine and feline primary
epithelial hepatic neoplasms and their staining pattern (33,91,92,93) are mentioned
in Table 1.
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Table 1. Immunohistochemical markers which may be used for immunohistochemical
differentiation of primary epithelial hepatic neoplasms in the dog and cat.
Hepatocellular
markers

Cholangiocellular
markers

HPC
markers

Neuroendocrine
Markers

HepPar‐1
cytoplasmic

K19
cytoplasmic‐
membranous

K19
cytoplasmic

Cg‐A
cytoplasmic

K7
cytoplasmic

NSE
cytoplasmic

CD10
canalicular
K8
cytoplasmic
K18
cytoplasmic
MRP2
canalicular

K7
cytoplasmic
EMA/MUC‐1
apical /cytoplasmic
CD10
apical / cytoplasmic
pCEA
apical / cytoplasmic

pCEA
canalicular
K19/K7 Intermediate
hepatocyte
submembranous
Cg‐A, chromogranin‐A; K8, keratin 8; K18, keratin 18; K7, keratin 7; K19, keratin 19; NSE, neuron‐specific
enolase; MRP2, multidrug resistance‐associated protein 2; pCEA, polyclonal carcinoembryonic antigen;
EMA/MUC‐1, epithelial membrane antigen/mucin‐1.

Apart from the classification of the primary epithelial hepatic tumours,
immunohistochemical markers are also important to determine the functional
characteristics of the tumour and to get insight into the mechanism of malignant
transformation. With the use of immunohistochemical markers which play, for
example, an important role in the progression of tumours with regard to
angiogenesis, invasion, proliferation and increased survival, it might be possible to
get a better understanding of prognostic factors in the tumours and thus help to
devise novel diagnostic and personalized treatment methods.
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Primary liver tumours in dogs and cats
Primary liver tumours in dogs and cats are less common compared to humans. They
represent 0.6‐1.5% of all tumours in dogs and 1.0‐2.9% of all tumours in cats (94,95).
Despite the occurrence of (viral induced) chronic hepatitis in dogs, no predisposing
factors for the development of liver tumours have been recognized in dogs and in
most of the cases no additional liver pathology is present. Except for chronic
cholangitis due to liver fluke infection (10,11), no additional predisposing factors
have been recognized in cats and usually no additional liver pathology is present.
Affected animals are mostly older animals between the ages of 10 and 12 years old
(94,95). An exception are canine carcinoids, derived from neuroendocrine cells,
which are usually diagnosed in slightly younger animals with a mean age of 8 years
(96,97) which may also be true for cats (98). In dogs there seems to be a sex‐
predilection for the occurrence of hepatic tumours in female dogs (94,95), while
female cats are not more predisposed to hepatic tumours than males. Finally, there
are no breed predilections reported in either dogs or cats.
Clinical signs for an animal with a liver tumour are usually vague and non‐specific.
They include weight loss, inappetence, vomiting, polyuria‐polydipsia, and possibly
ascites. Animals with extensive disease may also present icterus and neurological
signs compatible with hepatoencephalopathy. In more than half of the cases a mass
is palpable in the cranial abdomen. Liver enzymes (ALT, AST, ALP) and billirubine may
be elevated; also hypoglycaemia, hyperglobulinemia with hypoalbuminemia, and
azotemia may be found. The coagulation profile can be altered. In almost 50% of the
cases normocytic normochromic anemia and leukocytosis are present
(94,95,96,98,99).
When a patient is thought to have a liver tumour there are various possibilities to
make a diagnosis. Radiography and ultrasonography are still the most common
imaging modalities to assess morphological changes in the liver but preferably
computer tomography (CT) should be used. Survey radiographs can provide useful
information on the size, shape, position and opacity of the liver. Ultrasound (in
combination with contrast) is until now the preferred diagnostic method to define
the lesion and evaluate the liver parenchyma, biliary tract, and hepatic vasculature,
as well as the surrounding organs. Liver tumours can invade the liver diffusely or
focally (single or multiple nodules/masses). Diffuse liver changes are more
challenging to detect than focal lesions, but the tissue characteristics of primary and
metastatic neoplastic processes, including tissue density, vascular pattern, necrosis,
liquefaction and calcification result in variable ultrasonographic appearances. There
are no specific ultrasonographic features for individual tumour type (100,101). A CT
scan would define the lesion more clearly, assisting the clinician in the staging
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process (e.g. size of the tumour, relation with the greater vessels, metastasis).
However, this technique is more expensive and limited to specialized practices. The
definitive diagnosis is usually reached through a liver biopsy (Figure 8), which can be
taken if the coagulation profile of the patient allows the procedure. Metastasis occur
in both dogs and cats within the liver and to the regional (hepatic) lymph nodes, but
distant metastasis can also be found (102) therefore chest x‐rays (or CT scan) are
essential for the search of lung metastases (100).

Figure 8. Menghini biopsy procedure. The dog is locally anesthetized
and the needle is entered into the abdominal cavity via a midline
incision 2‐3 cm caudal to the xyphoid. (reprint with permission of the WSAVA (99))

In veterinary medicine surgery is the treatment of choice for solitary masses or when
only a part of the liver is affected. The detection of 1‐2 liver satellite nodules is not a
primary contraindication for surgery as these, in older dogs, may just be nodular
hyperplasia. Therefore they are removed or biopsied to reach diagnosis;
intraoperative cytology may also be useful in these cases (94,99,103). When the
whole liver is affected or when metastases are detected, the animals are treated
symptomatically or in more severe clinical disease euthanized because to date there
is no curative therapy available for dogs and cats.
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Canine and feline primary epithelial hepatic neoplasms were until now classified by
the WSAVA as: (12)
1. Hepatocellular neoplasia
‐ nodular hyperplasia
‐ hepatocellular adenoma
‐ hepatocellular carcinoma
2. Cholangiocellular neoplasia
‐ cholangiocellular adenoma
‐ cholangiocellular carcinoma
3. Hepatic carcinoid and hepatoblastoma
4. Mixed hepatocellular and cholangiocellular neoplasia
The classification made for the canine and feline primary epithelial hepatic tumours
in dogs and cats was until now only based on the histological aspects of the tumours,
not taking into account K19 positive cells, or HPCs. HPCs and reactive HPC
proliferation have been identified and characterised in dogs and cats in various
parenchymal liver diseases (44). In view of the similarities in cell biological
mechanisms involved in regeneration as well as tumour development between man
and small domestic animals, it is conceivable that the recent findings in human
hepatic tumour pathology may also be true for canine and feline hepatic tumours.
Application of a more updated classification system in dogs and cats, taken into
account the progress made in the classification of human liver tumours, may make it
possible to more specifically diagnose primary liver tumours and may provide new
insights for an earlier diagnosis and better treatment for the so far not curable
primary liver tumours in the veterinary field.
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Abstract
Background: The expression of Keratin 19 (K19) was reported in a subset of
hepatocellular carcinomas (HCCs). K19 positive HCCs are associated with an
increased malignancy compared to K19 negative HCCs. No suitable mouse models
exist for this subtype of HCC, nor is the incidence of K19 expression in hepatocellular
neoplasia in model animals known. Therefore, we compared the occurrence and
tumour behaviour of K19 positive hepatocellular neoplasias in dog and man.
Results: The expression of hepatocellular differentiation (HepPar‐1),
biliary/progenitor cell (K7, K19), and malignancy (glypican‐3) markers was semi‐
quantitatively assessed by immunohistochemistry. The histological grade of tumour
differentiation was determined according to a modified classification of Edmondson
and Steiner; the staging included intrahepatic, lymph node or distant metastases.
Four of the 34 canine hepatocellular neoplasias showed K19 positivity (12%), of
which two co‐expressed K7. K19 positive tumours did not express HepPar‐1, despite
the histological evidence of a hepatocellular origin. Like in human HCC, all K19
positive hepatocellular neoplasias were glypican‐3 positive and histologically poorly
differentiated and revealed intra‐ or extrahepatic metastases whereas K19 negative
hepatocellular neoplasias did not.
Conclusions: K19 positive hepatocellular neoplasias are highly comparable to man
and occur in 12% of canine hepatocellular tumours and are associated with a poorly
differentiated histology and aggressive tumour behaviour.
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Background
Hepatic progenitor cells (HPCs) are activated in the majority of liver diseases and are
a potential cell of origin for hepatocellular carcinoma (HCC) (1,2). HCC is a neoplasm
of increasing incidence worldwide and is the fifth leading cause of death on a
worldwide basis in man (3,4). Although remarkable advances in surgical and imaging
modalities have improved the prognosis of HCC patients (5), the high incidence of
intrahepatic recurrence remains a major challenge in HCC therapy (6,7). In man the
only potentially curative modality for HCC is surgical resection (including whole organ
trans‐ plantation), yet recurrence rates are high and the long‐term survival is poor
(8). An additional dilemma is the limited availability of healthy donor livers. Thus, the
ability to predict individual recurrence risk and subsequently prognosis would help
guide surgical and chemotherapeutic treatment. As the understanding of
hepatocarcinogenesis increases, the innumerable genetic and molecular events that
drive the hepatocarcinogenic disease process, including angiogenesis, invasion and
metastasis, are being unravelled in the human clinical situation.
Keratin (K) 19 expression is normally found in hepatic progenitor cells (HPCs) and
cholangiocytes but not hepatocytes (9‐11). However, several authors report the
peculiar expression of K19 in HCC in man (12‐15). These K19 expressing HCCs had a
higher rate of recurrence (hazard ratio 12.5) after transplantation (6). Other studies
also linked increased K19 expressions in HCC with a worse prognosis and faster
recurrence after surgical treatment (14,16‐18). Others observed a significantly
shorter survival in patients with HCCs expressing K19 without any treatment (15).
Furthermore, one recent report showed that HCCs expressing K19 and K7 have a
lower tumour free survival rate after curative resection (13). Several studies show
that a cut‐off of five percent K19 positive cells already influences the outcome of the
patient (12). These studies in man validate K19 as a clinically meaningful and
prognostically relevant marker for hepatocellular carcinoma.
Other recently described markers include glypican‐3 (GPC‐3) which is an extracellular
proteoglycan that is inferred to play an important role in growth control in embryonic
mesodermal tissues in which it is selectively expressed (19). GPC‐3 is a member of
the glypican family of glucosyl‐phosphatidylinositol‐anchored cell surface heparin
sulfate proteoglycans and is well established as a serologic and immunohistochemical
diagnostic tool for hepatocellular carcinomas in man. The presence of GPC‐3 (mRNA
and immuno‐histochemistry) is much higher in hepatocellular carcinomas compared
to cirrhotic tissue or small focal lesions, indicating that the transition from small
premalignant lesions to hepatocellular carcinomas is associated with a sharp increase
of GPC‐3 expression in the majority of cases (20,21).
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In view of the similarities in cell biological mechanisms involved in regeneration and
tumour development between human liver tumours and liver tumours in small
domestic animals, it is conceivable that these acquisitions found in human hepatic
tumour pathology may also be true for the canine liver tumours (22). To this date, no
mouse models exist which resemble K19 positive HCCs in man. Therefore
clinicopathological prognostic markers including marker expression of K7, K19 ( HPC
and cholangiocytes), HepPar‐1 (hepatocytes) and glypican‐3 (malignant HCC) were
examined in primary liver tumours of dogs and compared to man. Results indicate a
high similarity in histopathology of primary liver tumours between man and dog,
emphasizing the use of dogs as possible treatment models.

Results
Histological classification of canine primary liver tumours
Liver material of 46 dogs was included in this study (male to female ratio: 0.7).
Breeds represented included mixed breed, Flat coated retriever, Airedale terrier,
German Sheppard, Alaskan malamute, Pit bull, Maltezer, Cocker spaniel, Appenzeller,
Golden retriever and Yorkshire terrier. The age range was six to fourteen years.
Microscopical examination (Table 1) classified the 46 primary liver tumours as: four
nodular hyperplasia (9%) and 34 hepatocellular tumours (74%). Five hepatic
carcinoids (11%) positive for one or more neuro‐ endocrine differentiation markers
(chromogranin‐A, neuron‐specific enolase, and synaptophysin) and three
cholangiocellular carcinomas (7%) were not further analysed in this study. Apart from
the neoplastic changes, no additional liver pathology was seen in any of the dogs.
Healthy liver tissue was added as a control. Hepatocellular tumours were classified in
different groups based on K19 positivity. Hepatocellular groups were subdivided in
K19 negative and K19 positive. In retrospect, all groups were compared with the
results of histological markers (staging and grading) and the immunohistochemical
markers K7, glypican‐3, and HepPar‐1.
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Table 1. Overview of the canine histological classification.
Groups

Normal liver
(n = 5)

Nodular hyperplasia
(n = 4)

Hepatocellular tumour
K19 negative (n = 30)

Hepatocellular tumour
K19 positive (n = 4)

K19

Grading

Staging

K7

Glypican‐3

HepPar‐1

expression

0 to 3

0 to 2

expression

expression

expression

0%

0

0

0%

0%

100%

0%

0

0

0%

0%

100%

0‐5%

10‐90%

1 (n = 24)
2 (n = 6)

3

0

1‐2

0% (n = 29)
5% (n = 1)

0% (n = 2)
5% (n = 2)

0%

30‐100%

50‐75% (n = 2)
90‐100% (n = 28)

0%

Grouping based on histology and K19 expression in hepatocytes compared with the results of the
grading, staging, and clinicopathological markers.

Nodular hyperplasia (n = 4)
No K19 expression was observed in the nodular hyperplasia group (Figure 1A).
Histologically, lesions consisted of double‐layered cords of well‐differentiated
hepatocytes and slight compression of the surrounding parenchyma. Cells had a
similar shape and size, indicating a good uniformity with no cell pleomorphism. No
multi‐ nucleated hepatocytes were present. There was no mitotic activity and portal
areas were present (Figure 1B). All nodular hyperplasias were negative for Glypican‐3
(Figure 1C) and strongly positive for HepPar‐1 (Figure 1D).
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Figure 1. Examples of canine nodular hyperplasia. Immunohistochemical staining of K19 negative cells
is shown in A. HE staining, double layered cords of well differentiated hepatocytes are shown in B.
Absence of immunohistochemical staining for glypican‐3 is shown in C. Positive immunohistochemical
staining for HepPar‐1 is shown in D.

Hepatocellular tumour K19 negative (n = 30)
K19 expression in none or less than five percent of the tumour cells was observed in
30 of the 34 hepatocellular tumours (88%) (Figure 2A). Histologically, these tumours
formed trabeculae of well differentiated hepatocytes. Cells were uniform in shape
and size and with none to little pleomorphism. The nuclei were round and regular
with minimal nuclear irregularity; the nucleoli were uniform and sometimes
prominent. There were no multinucleated cells and mitotic figures were absent or
very rare (Figure 2B). In two cases the tumour cells were not of the same size and
were therefore classified as stage two. However the majority of cells were well
differentiated and occasionally multinucleated cells could be seen. All tumours were
negative for glypican‐3 (Figure 2C) and strongly positive for HepPar‐1 (Figure 2D).
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Figure 2. Examples of canine K19 negative hepatocellular tumours. Immunohistochemical staining of
K19 with a negative tumour field (left) and positive reactive ductular proliferation at the periphery of
the tumour (arrow) is shown in A. HE staining, trabeculae of well‐differentiated hepatocytes with a
uniform appearance are shown in B. Absence of immunohistochemical staining for Glypican‐3 is shown
in C. Positive immunohistochemical staining for HepPar‐1 is shown in D.

Hepatocellular tumour K19 positive (n = 4)
Keratin 19 expression in 30‐90% of the tumour cells was seen in four of the 34
hepatocellular tumours (12%) (Figure 3A). Histologically, these tumours formed
irregular trabeculae and were poorly differentiated regarding the cell‐ and nuclear‐
morphology. The cells had different shapes and varied in size (anisocytosis). There
was much cell pleomorphism and the cell uniformity disappeared. The nuclei were
irregular in shape and size (anisokaryosis) and some multinucleated cells could be
observed. The nucleoli were very prominent in shape and colour. The mitotic activity
was very high (Figure 3B). Tumours were categorized in the most malignant group of
the grading system (grade 3) and classified in stage one or two (due to presence of
intrahepatic or distant metastasis). The marker glypican‐3 was strongly positive (30‐
100%) for all tumours (Figure 3C) and no HepPar‐1 staining was found (Figure 3D).
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Figure 3. Examples of canine hepatocellular tumours with high K19 expression. Immunohistochemical
staining of K19 positive cells is shown in A. HE staining, trabeculae of hepatocytes with cell
pleomorphism and multiple mitotic figures (arrowheads) are shown in B. Immunohistochemical staining
of glypican‐3 positive cells is shown in C. Immunohistochemical staining for HepPar‐1 with tumour
negative area and positive area of surrounding non‐neoplastic liver (arrow) is shown in D.

K19 positive and negative human hepatocellular tumours (n = 4/group)
Eight human hepatocellular neoplasms were selected of which four were K19
negative (Figure 4) and four were K19 positive in 30 to 90 percent of the tumour cells
(Figure 5). Histologically, the selected K19 negative tumours were well differentiated
and formed trabeculae. Little pleiomorphism was observed and cells were uniform in
shape and size. Minimal nuclear irregularity was seen. Occasionally multinucleated
cells were seen and mitotic figures were absent or rare (Figure 4B). Keratin 19
negative HCCs were categorized as grade one and classified in stage 0 due to the lack
of vascular invasion in these samples or distant metastasis (Table 2). All tumours
were negative for glypican‐3 (Figure 4C) and strongly positive for HepPar‐1 (Figure
4D). Keratin 19 positive tumours histologically had irregular growth patterns and
were poorly differentiated. Tumour cells and nuclei were polymorph. The mitotic
activity was high (Figure 5B). Tumours were categorized in the most malignant group
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of the grading system (grade 3) and classified in stage one or two (due to presence of
intrahepatic or distant metastasis). The marker glypican‐3 was strongly positive (30‐
100%) for all tumours (Figure 5C) and no HepPar‐1 staining was found (Figure 5D).

Figure 4. Examples of K19 negative human hepatocellular tumours. Immunohistochemical staining of
K19 negative cells is shown in A. positive bile‐ducts at the periphery of the tumour indicated by arrow.
HE staining, moderately differentiated hepatocytes with trabecular growth pattern is shown in B.
absence of immunohistochemical staining for Glypican‐3 is shown in C. Positive immunohistochemical
staining for HepPar‐1 is shown in D.
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Figure 5. Examples of K19 positive human hepatocellular tumours. Immunohistochemical staining of
K19 positive cells is shown in A. HE staining, poorly differentiated HCC with a diffuse growth pattern and
multiple mitotic figures (arrowheads) is shown in B. Immunohistochemical staining for glypican‐3
positive cells is shown in C. Absence of immunohistochemical staining for HepPar‐1 is shown in D.

Table 2. Overview of the staging and grading of K19 positive hepatocellular tumours
in man.
Groups

Hepatocellular tumour
K19 negative (n = 4)
Hepatocellular tumour
K19 positive (n = 4)

K19

Grading

Staging

K7

HepPar‐1

Glypican‐3

expression

0 to 3

0 to 2

expression

expression

expression

0%

1

0

0%

90‐100%

0%

30‐90%

3

1‐2

100%

0%

30‐100%

Grouping based on K19 expression compared with the results of the grading, staging, and
clinicopathological markers.
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Statistical analysis
Keratin 19 positivity was not found to be linked with age (P = 0.17). Keratin 19
positivity was negatively correlated with HepPar‐1 staining (P = 0.001), and positively
correlated with glypican‐3 staining (P = 0.0001). Keratin 19 positive tumours had
significantly more distant metastasis (stage 2) and showed a poorly differentiated
histology (grade 3) in comparison with K19 negative tumours (P = 0.001 and 0.0002
respectively).

Discussion
The presence of K19 is a strong and independent predictor of tumour recurrence in
man (7,13,14,23,24). This study investigated the occurrence of K19 negative and
positive hepatocellular tumours in dogs and clinicopathological parameters of these
tumours and compared these with K19 negative and positive hepatocellular tumours
from humans. K19 negative tumours occurred in 88 percent of the canine
hepatocellular tumours. Tumours with K19 expression was found in twelve per‐ cent
of the tumours and were correlated with glypican‐3 (marker of malignant change)
expression and increased malignancy based on histological grading and staging of the
tumours.
The occurrence of K19 positive hepatocellular carcinoma in dogs is twelve percent. In
man, several studies estimate the occurrence of the K19 positive phenotype between
9 and 29 percent (median 17 percent) of all hepatocellular carcinomas
(12,13,15,25,26). Recently a study of 417 primary HCCs at the University Hospitals in
Leuven, Belgium, showed that 54 were positive for K19 (13 percent, data not shown).
The high similarity in occurrence between man and dog confirm the resemblance of
K19 positive tumours between species.
The presence of progenitor cell features in a tumour can be explained in two ways:
either the cell of origin is a progenitor cell (maturation arrest theory) or alternatively,
tumours dedifferentiate and acquire progenitor cell features during carcinogenesis
(dedifferentiation theory) (23,27). When progenitor cells are the cells of origin of a
subtype of primary liver tumours, one would expect that the earliest premalignant
precursor lesions also would consist of progenitor cells and their progeny. This is
indeed the case; 55 percent of small cell dysplastic foci (smaller than 1 mm), the
earliest premalignant lesion known to date in humans, consist of progenitor cells and
intermediate hepatocytes (28). This is a very strong argument in favour of the
progenitor cell origin of at least part of the HCCs. Large cell ‘dysplastic’ foci, on the
other hand, consists of mature senescent hepatocytes being a result of continuous
proliferation in chronic liver diseases and is not the true precursor lesion of HCC. In
the veterinary field, little is known about markers of HCC or cholangiocarcinoma with
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only a few prognostic markers, such as alpha‐feto protein (AFP), investigated (29).
Unfortunately the usefulness of AFP as a serum tumour marker is questionable since
AFP is only detectable after a significant tumour burden (30).
In the present study, all the canine hepatocellular tumours with K19 expression were
categorized in the most malignant group of the grading and staging system which
included presence of infiltrative growth, vascular invasion and metastases. These
features are linked with a poor prognosis. In contrast, hepatocellular tumours in dogs
which do not express K19 have a benign or less malignant character because none of
these tumours showed intrahepatic or extrahepatic metastasis and were classified in
group one or two of the grading system. However, in the progression of the disease it
cannot be excluded that K19 negative tumours will express K19 as time progresses
and thereafter become more malignant tumours. It is therefore necessary to follow
patients with hepatocellular tumours over time to investigate if these tumours
acquire K19 positivity and show an increase in malignancy. Serial biopsies are hard if
not impossible to obtain from human livers. In contrast longitudinal studies are
ethically much more accepted in dogs.
It is unclear whether the presence of K19 is a mediator or just an epiphenomenon of
a more aggressive phenotype. Interestingly, some authors suggest K19 provides
tumour cells with a higher metastatic potential by promoting extracellular matrix
degradation and/or cell mobility (31,32). In a murine tumour model Chu et al.
established that cells expressing intact keratins had higher in vitro mobility and
invasiveness (33). In addition they suggested that intact keratins may act as anchors
for specific cell membrane receptors, consequently reducing cell clustering and
aiding cell motility. It has been shown that the release of keratin‐fragments could
contribute to an invasive phenotype (33). Keratin fragments are released into the
blood by malignant epithelial cells by activating proteases which degrade keratins
(34‐36). Other authors observed the strong binding of recombinant K19 to laminin, a
major protein in all basement membranes, provoking an immune response that
damaged the basement membrane (31,32). These or other mechanisms might
contribute to vascular invasion observed in this study, which remains to be proven.
In man, glypican‐3 (GPC‐3) can be an important aid in the morphologically difficult
diagnosis between small HCCs and other small focal lesions. The expression of GPC‐3
in a small focal lesion present in a cirrhotic liver in man is highly indicative of a HCC,
irrespective of the percentage of positive cells. The presence of GPC‐3 (mRNA and
immunohistochemistry) is higher in HCCs compared to cirrhotic tissue or small focal
lesions, indicating that the transition from small premalignant lesions to HCC is
associated with a sharp increase of GPC‐3 expression in the majority of cases (21,28).
Because GPC‐3 is over expressed in human hepatocellular carcinoma, this marker is
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used for hepatocellular tumours in human medicine as a marker for malignant
change (37‐39). In this study, all the canine tumours with a K19 expression had 30‐
100% positivity for glypican‐3; all the other hepatocellular tumours were negative for
glypican‐3. Thus, like K19, expression of glypican‐3 seems to be linked with a poor
prognosis. Therefore, glypican‐3 can be used as a marker for hepatocellular
malignancy in dogs.
In this study, no K19/GPC‐3 positive hepatocellular tumours express the hepatocyte
marker HepPar‐1. This is consistent with a HPC phenotype of these tumours as
HPCs/reactive ductules are also negative for HepPar‐1. Another explanation could be
that these tumours are dedifferentiated to the point where they do not express
HepPar‐1 anymore. All K19 expressing hepatocellular tumours which are negative for
HepPar‐1 are categorized in the highest (most malignant) groups of the grading and
the staging system. This suggests a negative correlation between the expression of
HepPar‐1 and prognosis.
Better characterisation of hepatic tumours by cell surface markers and the use of
fluorescence activated cell sorting might in the future contribute to isolation of
different tumour cell populations. This will further pave the way for cell‐subset‐
specific gene expression profiling of potential tumour stem cells, other tumour cells
and stromal cell populations. In the light of this paradigm, K19 expression in hepatic
tumours might correlate with the presence of tumour stem cells deriving from
hepatic progenitor cells. If the arising paradigm is verified, a further deepening of our
understanding of hepatocellular carcinogenesis is expected. Cell‐subset‐specific gene
expression profiling might indeed uncover specific signalling pathways in tumour
stem cells and interactions between tumour stem cells, other tumour cells and
stromal cells, which might well be masked in gene expression profiling of the tumour
as a whole. Future prognostic modelling will probably encompass molecular markers
reflecting the biology and natural history of hepatic tumours (40). The most
interesting perspective is when these markers will also determine the applicability of
tailored therapy for which the dog would fit as a highly relevant model.

Conclusions
K19 positive hepatocellular neoplasias occur in twelve percent of hepatocellular
neoplasias and are associated with a poorly differentiated histology and more
aggressive tumour behaviour. K19 expression correlates with the expression of
glypican‐3 and with the disappearance of the hepatocyte marker HepPar‐1 and are
valuable clinicopathological and prognostic markers in the histopathological
diagnosis of hepatocellular tumours in dogs. K19 positive tumours are highly
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comparable in histology, marker expression, and prevalence to their human
counterparts thus advocating the dog as a model for future anti‐tumour treatment.

Methods
Samples
For this study paraffin material of a wide variety of primary liver tumours was
available from the paraffin material archive present at the department of
Pathobiology, Faculty of Veterinary Medicine, Utrecht University (dog, n = 20),
Valuepath, Laboratory for Veterinary Pathology, Hoensbroek, The Netherlands (dog,
n = 19), and University Hospitals Leuven, Leuven, Belgium (man, n = 8). In addition,
frozen material (dog, n = 7) was available from the tissue bank present at the
Department of Clinical Sciences of Companion Animals, Faculty of Veterinary
Medicine, Utrecht University. All the material was derived from patients who were
submitted for individual diagnostic purposes; no tissue was taken purposely for the
reported study. Healthy canine liver samples embedded in paraffin were also
available from the Department of Clinical Sciences of Companion Animals, Faculty of
Veterinary Medicine, Utrecht University derived from non‐liver related research. As a
positive control paraffin‐ embedded liver tissue samples from dogs with fulminant
hepatitis and reactive ductular proliferation of HPCs were used (courtesy Dr. J. IJzer,
Department of Pathobiology, Faculty of Veterinary Medicine, Utrecht University). All
liver tumour samples and fulminant hepatitis samples were fixed in 10% neutral
buffered formalin and routinely embedded in paraffin. The paraffin sections (4 μm)
were mounted on poly‐L lysine coated slides. All the sections (4 μm) were stained
with haematoxylin and eosin (HE) for histological determination. To exclude hepatic
carcinoids in this study, the following neuro‐endocrine differentiation markers were
used; chromogranin‐A, neuron‐specific enolase, and synaptophysin, data not shown
(41‐43).
Grading
Histological grading of malignant tumours is based on the grading system of
Edmondson and Steiner (ES grading system). The ES grading uses a scale of one to
four, with increasing nuclear irregularity, hyperchromatism and nuclear/cytoplasmic
ratio, associated with decreasing cytological differentiation for each successively
higher grade. The grading system designed for this study is based on the ES
differentiation grade and is modified into a four category grading system based on
cell morphology (anisocytosis), nuclear morphology (anisokaryosis), presence of
multinucleated tumour cells, and mitotic activity.
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Staging
Staging describes the extent or severity of a cancer based on the extent of the
original (primary) tumour and the extent of spread in the body. The TNM system is
one of the most commonly used staging systems. This system has been accepted by
the international union against cancer (UICC) and the American Joint Committee on
Cancer (AJCC). The TNM system is based on the extent of the tumour (T), the extent
of spread to the lymph nodes (N), and the presence of distant metastasis (M). A
number is added to each letter to indicate the size or extent of the tumour and the
extent of spread. The staging system used for this study is based on the spread of the
tumour through the body, and therefore considered summary staging. Many cancer
registries, such as the National Cancer Institutes (NCI) surveillance use summary
staging. The staging system used for this study is a modified three category staging
system and is based on the invasion and spread of the tumour. The tumours are
staged in three categories: Stage 0: macroscopically there is only one tumour process
in the liver and/or microscopically the tumour is well circumscribed or encapsulated.
There are no indications for intrahepatic or extrahepatic metastases; Stage 1:
Microscopically the tumour has spread beyond the original (primary) site to the
adjacent tissue and/or vessels or microsatellites can be seen and/ or there are
macroscopically multiple tumour processes present in the liver; Stage 2: The tumour
has spread from the primary site to the lymph node and/or other organs (distant
metastasis).
Immunohistochemistry
Immunohistochemistry (IHC) was performed for K19, K7, HepPar‐1, and glypican‐3
(GPC‐3) on all liver tumour samples. Antibody characteristics, manufacturer, source
and dilution are provided in Table 1. Slides were air dried (30 min, RT) and
deparaffinised. Heat induced antigen retrieval was performed with 10 mM citrate
buffer (pH 6.0) or 10 mM Tris with 1 mM EDTA for 10 minutes in a microwave (850
W) with a cool down period for 10 minutes at RT (Table 3). Antigen retrieval by
enzymatic digestion was performed with proteinase K for 15 minutes at room
temperature (Table 3). Endogenous peroxidase activity was blocked in 0.3% H2O2 (30
min) and background staining was blocked with 10% normal goat serum (30 min).
The primary antibodies were diluted in the appropriate buffer and incubated as
indicated in Table 3. The Envision system was used for secondary antibody labelling
(Dakocytomation, Glostrup, Denmark). The signal was developed in 0.06% 3,3’‐dia‐
minobenzidine (DAB) solution (Dakocytomation) for 5 minutes and finally
counterstained with Mayer’s hematoxylin (Mayer’s haematoxylin, Klinipath B.V.
Duiven, The Netherlands). Negative controls were performed by replacing the
primary antibody with washing buffer. Bile‐ducts served as an internal positive
control for K7 and K19. Hepatocytes from healthy tissue served as a positive control
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for HepPar‐1. Human hepatocellular carcinomas, previously tested to be glypican‐3
positive (Department of Morphology and Molecular Pathology, University Hospitals
Leuven, Leuven, Belgium) served as a positive control for glypican‐3. Staining of
human samples for keratin 19, glypican‐3, and HepPar‐1 were performed as
described previously (12,28,44).
Table 3. Used antibodies with manufacturer and methods.
Antibody

Keratin 19

Manufacturer
Novocastra
Laboratories Ltd.

Type

Clone

mouse monoclonal

B170

Prot K

1:100

TBS

1 hr RT

Prot K

1:25

TBS

O/N 4°C

OCH 1E5

Tris‐EDTA

1:50

PBS

O/N 4°C

1G12

Citrate

1:100

PBS

O/N 4°C

Keratin 7 Dakocytomation mouse monoclonal OV‐TL 12/30

HepPar‐1 Dakocytomation mouse monoclonal

Glypican‐3

BioMosaics

mouse monoclonal

Antigen Retrieval Dilution Wash Buffer Incubation

Prot K = Proteinase K. RT = Room Temperature. O/N = Over Night.

Statistics
Two‐tailed Fisher’s Exact Test was performed to assess associations between keratin
19 positivity and categorical data such as grading, staging, K7 positivity, HepPar‐1
positivity, and glypican‐3 positivity. Unpaired t‐test was performed to assess global
association between keratin 19 positivity and normally‐distributed continuous
variable of age. A P‐value below 0.05 was considered to be significant.
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Abstract
Many advances have been made in the characterisation of primary liver tumours in
humans, in particular relating to the identiﬁcation and role of hepatic progenitor
cells, resulting in a new classiﬁcation. The aim of the present study was to investigate
the presence and relative frequency of morphological types of canine primary
hepatic neoplasms and to determine whether a classiﬁcation similar to the human
scheme can be applied to these canine neoplasms. Canine primary liver tumours (n =
106) were examined histologically and with the immunohistochemical markers
keratin 19, HepPar‐1, epithelial membrane antigen/mucin‐1, CD10, neuron‐speciﬁc
enolase and chromogranin‐A. Eleven nodular hyperplasias and 82 tumours of
hepatocellular origin were diagnosed. The latter were subdivided in hepatocellular
tumours with 0–5% positivity for K19 (n = 62), which were well differentiated and
had no evidence of metastasis, tumours with >5% positivity for K19 (n = 17), which
were poorly differentiated and had intrahepatic and/or distant metastasis, and a
scirrhous subgroup (n = 3) with an intermediate position with regard to K19 staining
and malignancy. Ten cholangiocellular tumours (nine cholangiocellular carcinomas
and one cholangiolocarcinoma) were diagnosed and all had intrahepatic and/or
distant metastases. Three neuroendocrine carcinomas were also diagnosed.
Histopathological and immunohistochemical examination of canine primary hepatic
neoplasms can differentiate hepatocellular, cholangiocellular and neuroendocrine
tumours, in accordance with the most recent human classiﬁcation system.
Keywords: Canine; Liver tumours; Immunohistochemistry; Classiﬁcation

Introduction
Primary liver tumours in dogs are relatively rare, representing 0.6–1.5% of all
tumours in dogs (1,2). No predisposing factors are known and, in almost all cases, no
additional primary liver pathology is present (3,4). Currently, canine neoplasms are
classiﬁed as hepatocellular adenomas and carcinomas, cholangiocellular adenomas
and carcinomas, mixed hepatocellular and cholangiocellular carcinomas, and hepatic
carcinoids (5,6,7); to date, hepatoblastomas have not been recognised in the dog (6).
Over the past decade, many advances have been made in the characterisation of
primary liver tumours in humans, in particular relating to the identiﬁcation and
signiﬁcance of hepatic progenitor cells (HPCs) (8,9,10). HPCs are multipotent cells,
located within the canals of Hering, with the capacity for self‐renewal and
differentiation into mature hepatocytes and cholangiocytes (11,12,13). In primary
hepatocellular tumours of dogs, tumours with HPC characteristics are poorly
differentiated and aggressive (14). Recent studies of the role of HPCs in the
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development and differentiation of intrahepatic cholangiocellular tumours in humans
have resulted in a new histomorphological and immunohistochemical classiﬁcation of
primary liver tumours in humans, taking into account their aggressiveness and
prognosis (15,16).
In humans, primary liver tumours may arise from mature hepatocytes or
cholangiocytes, representing hepatocellular and cholangiocellular adenomas and
carcinomas, respectively (Figure 1). Hepatic tumours may also arise from HPCs; such
neoplasms exhibit varying degrees of differentiation, sometimes with overlapping
morphological features, e.g. cholangiolocarcinomas (15,16,17).
Cholangiolocarcinomas are thought to originate from the canals of Hering and have
hepatocellular, ductular and cholangiocellular characteristics (15,16,18).

Figure 1. Proposed origin and classiﬁcation of primary liver tumours in humans. Primary liver tumours
may arise from mature hepatocytes or cholangiocytes, representing the classic hepatocellular and
cholangiocellular adenomas and carcinomas. They may also arise from hepatic progenitor cells showing
varying degrees of differentiation and develop various and sometimes overlapping morphological
features, such as cholangiolocarcinomas. HPC, hepatic progenitor cell; HCC, hepatocellular carcinoma;
CC, cholangiocellular carcinoma; CLC, cholangiolocarcinoma; K19, keratin 19.

Primary hepatic neoplasms in dogs can be classiﬁed and differentiated using
immunohistochemical stains for markers representative of hepatocytic and
cholangiocytic lineages (9,14,19,20,21). The aim of the present study was to
investigate the occurrence and relative frequency of various morphological types of
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primary hepatic neoplasms in the dog and to determine whether a classiﬁcation
similar to the human scheme can be applied to canine hepatic neoplasms.

Materials and methods
Samples
Formalin‐ﬁxed parafﬁn‐embedded material from primary liver tumours of 106 dogs
was available from the archives of the Department of Pathobiology, Utrecht
University (n = 18), Valuepath, Laboratory for Veterinary Pathology, Hoensbroek, The
Netherlands (n = 28), the Institute of Veterinary Pathology, University of Zürich,
Switzerland (n = 46), and the Institute of Veterinary Pathology, Free University Berlin,
Germany (n = 14). All material was derived from clinical cases and had been
submitted for individual diagnostic purposes; no tissue was collected speciﬁcally for
the purpose of the present study. Formalin‐ﬁxed parafﬁn‐embedded samples from
the livers of healthy dogs, as well as a sample from a dog with fulminant hepatitis
and reactive ductular proliferation, were available from the Department of Clinical
Sciences of Companion Animals, Utrecht University.
Grading and staging
Histological grading and staging of the tumours was performed as described by van
Sprundel et al. (2010). The parameters scored from 0 to 3 for grading comprised cell
and nuclear pleomorphism, presence or absence of multinucleated tumour cells and
mitotic activity. Three stages were based on histopathology, anamnestic data
(ultrasonography and surgery reports, including follow‐up data from referring
veterinarians and/or owners) and postmortem pathology reports: (1) stage 0:
Macroscopically only one tumour process was present in the liver and/or
microscopically the tumour was well circumscribed or encapsulated; there was no
evidence of intrahepatic and/or extrahepatic metastases; (2) stage 1: Microscopically
the tumour had spread beyond the original (primary) site to the adjacent tissue,
there was evidence of intravascular spread or the presence of microsatellites and/or
multiple tumour processes were present in the liver macroscopically; and (3) stage 2:
The tumour had spread from the primary site to the regional lymph nodes and/or
other organs (distant metastasis).
Immunohistochemistry
Immunohistochemistry was performed for keratin 19 (K19), HepPar‐1, epithelial
membrane antigen/mucin‐1 (EMA/MUC‐1), CD10, neuron‐speciﬁc enolase (NSE), and
chromogranin‐A (Cg‐A) (Table 1). Negative controls were performed by replacing the
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primary antibody with washing buffer. Adrenal glands served as a positive control for
NSE and Cg‐A.
Table 1. Antibody characteristics and experimental procedures for
immunohistochemistry.
Antibody

Manufacturer

Type

Clone

Antigen retrieval

Dilution

Wash buffer

Incubation

K 19

Novocastra

Mouse mAb

B170

Proteinase K

1:100

TBS

1 h RT

HepPar‐1

Dakocytomation

Mouse mAb

OCH1E5

TBS/EDTA

1:50

PBS

Overnight 4 C

Epitope retrieval

Ready

Bond wash solution

CD10

Novocastra

Mouse mAb

56C6
solution 2

to use

10x concentrate

0.5 h RT

EMA/MUC‐1

Biosciences

Rabbit pAb

LS‐C30532

TBS/EDTA

1:700

PBS

24 h 4 C

NSE

Dakocytomation

Mouse mAb

BBS/NC/VI‐H14

Citrate

1:400

PBS

Overnight 4 C

Cg‐A

MP Products

Rabbit mAb

20086 SP‐1

No antigen retrieval

1:800

PBS

Overnight 4 C

Cg‐A, chromogranin‐A; EDTA, ethylene diamine tetraacetic acid; EMA/MUC‐1, epithelial membrane
antigen/mucin‐1; K19, keratin 19; mAb, monoclonal antibody; NSE, neuron‐speciﬁc enolase; O/N,
overnight; PBS, phosphate‐buffered saline; pAb, polyclonal antibody; Prot K, proteinase K; RT, room
temperature; TBS, Tris‐buffered saline.

Results
Bile ducts in the liver from a healthy dog had strong cytoplasmic staining for K19
(Figure 2A) and EMA/MUC‐1 (Figure 2D). There was moderate to marked cytoplasmic
staining of hepatocytes for HepPar‐1, probably depending on glycogen content
(Figure 2C). CD10 exhibited mild to marked canalicular staining and apical
membranous staining of the smallest bile ducts (Figure 2E); activated hepatic stellate
cells exhibited positive immunostaining, whereas large bile ducts were negative
(Figure 2F). Strong positive staining for K19 was evident in reactive HPCs in areas of
ductular proliferation in the canine liver with hepatitis (Figure 2B), whereas these
cells were negative for NSE and Cg‐A. In the healthy liver, rare NSE positive epithelial
cells were present in the epithelial lining of a larger bile duct; Cg‐A was always
negative.
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Figure 2. Immunohistochemical staining of non‐tumorous liver tissue. A. K19, normal liver, portal area
with positive staining bile duct and ductule; B. K19, acute fulminant hepatitis with positive staining of
reactive ductular proliferation; C. HepPar‐1, normal liver, marked staining of hepatic cords, portal area
negative; D. EMA/MUC‐1, normal liver, positive staining bile duct; E. CD10, normal liver, moderate
positive staining of canaliculi, apical staining of smallest bile duct (arrow) and positive staining of hepatic
stellate cells; F. CD10, normal liver, marked canalicular staining, negative staining of larger bile ducts in
portal area.
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On histopathological and immunohistochemical examination, the 106 primary liver
tumours were classiﬁed as 11 nodular hyperplasias (10%), 82 hepatocellular tumours
(77%), 10 cholangiocellular tumours (9%) and three hepatic neuroendocrine tumours
(3%). There was no apparent sex or breed predisposition for a particular tumour
type. The age of the dogs ranged from 6 to 18 years; younger dogs mostly were
larger or giant breeds, but no statistical analysis was undertaken. In four dogs with
cholangiocellular tumours, the livers also had ﬁbrous areas with conglomerates of
irregularly formed cystic / dilated bile ducts, consistent with adult‐type congenital
cystic liver disease (van den Ingh et al., 2006), whereas in the other dogs the non‐
neoplastic liver parenchyma was histologically normal.
Nodular hyperplasia (n = 11)
Histologically, hyperplastic nodules contained double layered cords of well‐
differentiated hepatocytes with slight compression of the surrounding parenchyma
(Figure 3A); characteristically, portal areas were present within the hyperplastic
nodules (Figure 3D). Hepatocytes had a uniform and normal appearance, and there
was no mitotic activity (grade 0). All hyperplastic nodules had moderate to marked
cytoplasmic staining for HepPar‐1 (Figure 3B) and mild to marked canalicular staining
for CD10 (Figure 3C), but were negative for K19 (Figure 3D), EMA/MUC‐1, NSE and
Cg‐A.
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Figure 3. Nodular hyperplasia. A. HE, nodular hyperplasia with bilayered hepatic cords; compressed pre‐
existent liver tissue (lower right); B. HepPar‐1, positive staining of hepatocytes in both nodular
hyperplasia and compressed pre‐existent tissue (lower right); C. CD10, mild canalicular staining and
positive hepatic stellate cells; D. K19, positive pre‐existent bile duct within the negative staining nodular
hyperplasia, compressed negative pre‐existent parenchyma (upper right).

Hepatocellular tumours (n = 82)
Hepatocellular tumours were divided in three groups on the basis of
histopathological features and immunohistochemical staining for K19 (Table 2).
Table 2. Histological classiﬁcation and immunohistochemistry of canine
hepatocellular tumours.

HCT 0–5% K19+

K19

Grading

Staging

0% (n = 46)

0 (n = 10)

0 (n = 62)

1–5% (n = 16)

1 (n = 35)

HepPar‐1

NSE

Cg‐A

CD10

EMA/MUC‐1
0% (n = 62)

100% (n = 54)

0% (n = 52)

0% (n = 61)

30–100%

60–90% (n = 8)

5–20% (n = 10)

5% (n = 1)

(n = 62)

0% (n = 17)

0% (n = 17)

Ductular 0%

0% (n = 3)

2 (n = 17)

HCT >5% K19+

40–100% (n = 17)

1 (n = 3)

1 (n = 4)

0% (n = 15)

0% (n = 15)

0% (n = 16)

2 (n = 6)

2 (n = 13)

5–20% (n = 2)

20–40% (n = 2)

5% (n = 1)

0% (n = 3)

3 (n = 8)

sHCT

Ductular 100%

0 (n = 1)

0 (n = 2)

Ductular 0%

Ductular 100%

Trabecular 0% Solid

1 (n = 2)

1 (n = 1)

Trabecular 100%

Trabecular 0% Solid

Trabecular 50%

Solid 0% (n = 3)

80% (n = 3)

Solid 5% (n = 3)

100% (n = 3)
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Hepatocellular tumours with 0–5% cells positive for K19 (n = 62)
Fifty‐seven tumours of this type were received as surgical specimens and ﬁve were
obtained at postmortem examination. On histopathological examination, these
tumours were well demarcated and encapsulated, and consisted of broad trabeculae
of well differentiated hepatocytes (Figure 4A) separated by ﬁne ﬁbrovascular stroma
and sometimes widely dilated sinusoids and cavernous blood‐ﬁlled spaces; regularly,
haemorrhagic and/or necrotic areas were present. In one case with medium‐sized
tumour cells, acinar conﬁgurations were present in addition to trabecular areas. The
hepatocytes were well differentiated and had no or limited cellular pleomorphism,
with no or rare mitotic ﬁgures (grade 0–2); they regularly showed areas with swollen
glycogen‐rich hepatocytes or hepatocellular steatosis and sometimes contained foci
of extramedullary haematopoiesis. There was no evidence of inﬁltrative growth,
intrahepatic vascular invasion or metastases. The tumours had moderate to marked
positive cytoplasmic staining for HepPar‐ 1 (Figure 4B) and minimal to marked
canalicular staining for CD10 (Figure 4C). Staining for K19 was negative in most
tumours (Figure 4D); there were 1–5% positive tumour cells with cytoplasmic or
membranous staining in 16/62 (25.8%) cases (Figure 4E). EMA/ MUC‐1 staining was
negative in all tumours (Figure 4F). Ten tumours were positive (<20% of cells) for NSE
and one of these tumours was also positive for Cg‐A (<5%).
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Figure 4. Hepatocellular tumours 0–5% K19 positive. A. HE, encapsulated tumour with moderate
cellular pleiomorphism; B. HepPar‐1, marked cytoplasmic staining of neoplastic tissue; C. CD10, marked
canalicular staining in neoplastic tissue; D. K19, neoplastic tissue negative, biliary proliferation in
surrounding capsule positive; E. K19, cells with either diffuse cytoplamic or membranous (arrow)
staining in a less than 5% positive tumour; F. EMA/MUC‐1, negative staining of neoplastic tissue.

Hepatocellular tumours with >5% cells positive for K19 (n = 17)
Twelve tumours of this type were obtained at postmortem examination and ﬁve
were received as surgical specimens. Histologically, these tumours formed irregular
trabeculae and markedly inﬁltrated the surrounding parenchyma. The cells were
small compared to normal hepatocytes and were poorly differentiated, with marked
cellular and nuclear pleomorphism, and many mitotic ﬁgures (up to 10 per high
power ﬁeld) (Figure 5A). All exhibited lymphatic and vascular invasion in portal tracts
(Figure 5B) and had intrahepatic and/or distant metastases. The K19 positive cells in
these tumours showed strong cytoplasmic staining (Figure 5C). Most of the tumours
were negative for HepPar‐1 (Figure 5D); in two cases, 5% and 20% of tumour cells
were positive for this marker. CD10 (Figure 5E) and EMA/MUC‐1 were negative in all
tumours. In two cases, 20% and 40% of the tumour cells were positive for NSE. In one
case, 5% of tumour cells were positive for Cg‐A.
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Figure 5. Hepatocellular tumours with high K19 expression. A. HE, relatively small tumour cells with
abundant mitotic figures; B. HE, vascular invasion and intrahepatic metastases; C. K19, marked
cytoplasmic staining of tumour cells; D. HepPar‐1, negative staining of neoplasm (N); E. CD10, negative
staining of neoplastic cells, some pre‐existent hepatic cords with canalicular staining are present.
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Scirrhous hepatocellular tumours with K19 positive ductular structures (n = 3)
All of these tumours were received as surgical specimens. They contained areas with
trabecular structures of well‐differentiated hepatocytes (grade 0) and multifocal
areas with a ﬁbrous stromal component and ductular growth patterns (grade 1),
whereby the trabecular areas were continuous with the ductular structures (Figure
6A). The trabecular areas were strongly positive for HepPar‐1 and moderately
positive for CD10, but negative for K19 (Figure 6B). The ductular structures in areas of
ﬁbrosis were positive for K19 (Figure 6B) and NSE (Figure 6C), but negative for
HepPar‐1 and CD10. The tumours were negative for EMA/MUC‐1 and Cg‐A. In two
tumours, the ductular/ﬁbrotic areas were well‐circumscribed and were present
within the well‐differentiated trabecular component. In one tumour, the ductular
component showed inﬁltrative growth, with ductular and solid areas in ﬁbrous
connective tissue adjacent to a large portal area (Figure 6D). In this solid area, there
was diffuse positivity for K19 (Figure 6E) and irregular positivity for CD10 (Figure 6F).
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Figure 6. Scirrhous hepatocellular tumours with K19 positive ductular structures. A. HE, trabecular
area with transition to ductular structures in fibrotic tissue; B. K19, positive ductular structures
continuous with negative trabecular area; C. NSE, positive ductular structures continuous with negative
trabecular area; D. HE, solid area with malignant transformation and infiltrative growth; E. K19, positive
staining of solid malignant area; F. CD10, local positive staining in malignant solid area.

Cholangiocellular tumours (n = 10)
Ten tumours were classiﬁed as cholangiocellular carcinomas (9%) (Table 3). In most
cases, cholangiocellular carcinomas were monomorphic, with an acinar, tubular
and/or papillary growth pattern. In one case, the tumour had the characteristics of
human cholangiolocarcinoma, with centrally located ductular structures, as well as
more peripherally located solid areas with an hepatocellular appearance.
Table 3. Histological classification and immunohistochemistry of the canine
cholangiocellular tumours.

Cholangiocellular
carcinoma

K19

Grading

Staging

Hep Par‐1

NSE

Cg‐A

CD10

EMA/MUC‐1

90–100%

2 (n = 5)

1 (n = 3)

0%

0%

0%

0% (n = 2)

90–100% (n = 6)

(n = 8)

3 (n = 4)

2 (n = 6)

(n = 9)

(n = 7)

(n = 9)

20–30% (n = 4)

NT (n = 3)

50–60%

30–100%

(n = 1)

(n = 2)

Cholangiolo

Tubular and solid

carcinoma

90–100%

3 (n = 1)

2 (n = 1)

NT (n = 3)

0%

0%

Solid 5%

Tubular 100%

Tubular 100%

(n = 1)

(n = 1)

(n = 1)

Solid 0% (n = 1)

Solid 0% (n = 1)

(n = 1)

Cg‐A, chromogranin‐A; EMA/MUC‐1, epithelial membrane antigen/mucin‐1; K19, keratin 19; NSE,
neuron‐specific enolase; NT, not tested.
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Cholangiocellular carcinomas (n = 9)
Two tumours were received as surgical specimens and seven were obtained at
postmortem examination. These tumours had an acinar (Figure 7A), tubular and/or
papillary (Figure 7B) growth pattern. The neoplastic cells were cuboidal to columnar,
with a relatively small amount of cytoplasm, and had moderate to marked cellular
and nuclear pleomorphism, with many mitotic ﬁgures (grade 2–3). All
cholangiocellular tumours had vascular invasion and the presence of intrahepatic
and/or distant metastases. Positive immunohistochemical staining for K19 was
evident in 90–100% tumour cells in eight cases and 50–60% tumour cells in one case,
with a cytoplasmic and, usually, more intense membranous staining (Figure 7C). The
tumours were also positive for EMA/MUC‐1 (90–100% of tumour cells were
immunopositive), with an apical membranous and/or diffuse cytoplasmic staining
pattern (Figs. 7D and E), and were negative for HepPar‐1 (Figure 7F). Two of six
tumours were negative for CD10 (Figure 7G); in 4/6 cases, CD10 showed focal apical
or cytoplasmic staining in tubulopapillary lesions within the tumour (Figure 7H);
there was insufﬁcient tissue for CD10 immunostaining in three case. Two cases were
positive for NSE (30% and 100% of tumour cells were immunopositive). Cg‐A was
negative in all cases.
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Figure 7. Canine cholangiocellular carcinoma. A. HE, acinar growth pattern; B. HE, tubulopapillary
growth pattern; C. K19, marked positive staining of tubulopapillary area with cytoplasmic and
membranous pattern; D. EMA/MUC‐1, diffuse cytoplasmic staining of neoplastic cells within acinar
growth pattern; E. EMA/MUC‐1, positive cytoplasmic and apical staining of tumour cells in
tubulopapillary growth pattern; F. HepPar‐1, negative staining of the tumour tissue (N); G. CD10,
negative staining of tumour cells within acinar growth pattern; H. CD10, apical staining of tumour cells in
tubulopapillary growth pattern.
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Cholangiolocarcinoma (n = 1)
In one tumour, received as surgical specimen along with the corresponding regional
lymph node, there was a combination of usually centrally located tubular structures,
with or without ﬁbrosis, and solid peripheral areas with a more hepatocellular
appearance (Figs. 8A and B). The tumour showed moderate to marked cellular and
nuclear pleomorphism, had a high mitotic activity (grade 3) and was classiﬁed as
stage 2 because of vascular invasion and intrahepatic and distant metastasis (Figure
8C). Immunohistochemically, the tumour was negative for HepPar‐1. K19 showed 90–
100% positive staining, whereby the tubular areas showed diffuse cytoplasmic, as
well as a more pronounced membranous, staining (Figs. 8D and E); the solid areas
mainly showed moderate cytoplasmic staining for K19 (Figure 8D). EMA/MUC‐1
showed positive apical and/or cytoplasmic staining of tubular structures (Figure 8F),
whereas the solid structures were negative (Figure 8G). CD10 was negative in the
solid areas (Figure 8H); apical and some cytoplasmic staining was present in the
tubular areas (Figure 8I) and moderate cytoplasmic staining was seen in intravascular
metastases (Figure 8J). There was focal cytoplasmic staining for Cg‐A in the solid
areas of the tumour. Immunostaining for NSE was negative.
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Figure 8. Canine cholangiolocarcinoma. A. HE, central tubular areas with fibrosis; B. HE: peripheral solid
area; C. HE, vascular invasion; D. K19, marked staining of central tubular (lower left) and less intense
staining of peripheral solid areas (upper right); E. K19, tubular areas with cytoplasmic and more
pronounced membranous staining of tumour cells; F. EMA/MUC‐1, tubular areas with apical and some
cytoplasmic staining; G. EMA/MUC‐1, negative staining of solid neoplastic areas, slight non‐specific
staining of pre‐existent hepatic cords; H. CD10, solid peripheral area with negative staining of neoplastic
cells, some canalicular staining within pre‐existent hepatic cords; I. CD10, tubular areas with positive
apical and some cytoplasmic staining; J. CD10, moderate cytoplasmic staining of intravascular
metastasis.
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Neuroendocrine carcinomas (n = 3)
One tumour was received as a surgical specimen and two were obtained at
postmortem examination. Histologically, neuroendocrine carcinomas consisted of
medium‐sized to large columnar cells with abundant cytoplasm and basal nuclei, and
had a trabecular and/or rosette pattern of growth (Figure 9A). The tumour cells
showed only slight cellular and nuclear pleomorphism, the mitotic activity was
moderate to high and the tumours were graded as 1. All tumours had evidence of
intrahepatic metastases (stage 1). K19 staining was negative or <5% of the tumour
cells were stained (Figure 9B). HepPar‐1 (Figure 9C), CD10 and EMA/MUC‐1 were
negative in all cases. All the tumours showed >90% positivity for NSE (Figure 9D).
There was >30% immunopositivity for Cg‐A in two of the tumours (Figure 9E),
whereas the third tumour was negative.
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Figure 9. Canine hepatic neuroendocrine carcinoma. A. HE, rosette pattern with fine fibrovascular
stroma; B. K19, focal positive staining within tumour; C. HepPar‐1, negative staining of neoplastic tissue
(N); D. NSE, marked cytoplasmic staining of neoplastic cells; E. CgA, moderate cytoplasmic staining of
neoplastic cells.

Discussion
In this study, 106 canine primary hepatic neoplasms were classiﬁed into
morphologically well‐deﬁned groups on the basis of histopathological and
immunohistochemical examination (Table 4). The classiﬁcation system for dogs was
based on recent systems for classifying hepatic tumours in humans (15,16).
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Table 4. Classification and immunohistochemical differentiation of the canine
primary hepatic neoplasms.
HepPar‐1

K19

CD10

EMA/Muc‐1

NSE

Cg‐A

Nodular hyperplasia
(n = 11)

+++

0

Canalicular + to +++

0

0

+/‐
(n = 2)

Hepatocellular
adenoma
(n = 62)

+++

0–5%

Canalicular + to +++

0

++ (n = 10)

+ (n = 1)

Hepatocellular
carcinoma
(n = 17)

0 (+)

+++

0

0

+ to ++ (n = 2)

+ (n = 1)

Scirrhous
hepatocellular tumour
(n = 3)

Ductular 0
trabecular +++

Ductular +++
trabecular 0

Ductular 0
trabecular + to ++

0

Ductular +++
trabecular 0

0

Cholangiocellular
carcinoma (ductal
type) (n = 3)

0

+++

0

+++

0

0

Cholangiocellular
carcinoma (ductular
type) (n = 6)

0

+++

+ to ++

+++

0 to ++ (n = 2)

0

Cholangiolocarcinoma
(n = 1)

0

+++

Tubular ++
solid 0

Tubular ++
solid 0

0

+

Neuroendocrine
carcinoma
(n = 3)

0

0–5%

0

0

++ to +++

++

Cg‐A, chromogranin‐A; EMA/MUC‐1, epithelial membrane antigen/mucin‐1; K19, keratin 19; NSE,
neuron‐specific enolase.

Nodular hyperplasia is a benign hepatocellular proliferation which occurs in many
older dogs and can be found as single or multiple nodules, often as an incidental
ﬁnding during laparotomy or at postmortem examination (4,6). The relatively low
incidence of nodular hyperplasia (10%) in this study is likely to be related to the use
of archival material, since hyperplastic nodules may not be submitted for
histopathological evaluation as frequently as neoplasms.
Hepatocellular tumours were the most common primary hepatic neoplasm in dogs in
the present study. Nevertheless they appear to occur less frequently in dogs than in
humans (22), probably because a high proportion of human hepatocellular
carcinomas arise from chronic infections with hepatitis B or hepatitis C viruses, both
of which can lead to chronic inﬂammation and cirrhosis. In contrast, most canine
hepatocellular tumours arise in otherwise normal appearing livers. As in humans,
hepatocellular tumours in dogs could be divided into three subgroups, each with
speciﬁc morphological and immunohistochemical characteristics. Canine tumours
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that were all or mostly K19 negative were most likely to be derived from mature
hepatocytes and well circumscribed, with a low grade of cellular pleomorphism, and
no evidence of inﬁltrative growth or metastases. However, a metastatic
hepatocellular tumour (HepPar‐1 positive; K19 status unknown) has recently been
described in a dog (23).
In contrast, K19 positive canine tumours exhibited characteristics of HPCs without
further differentiation towards cholangiocytic or hepatocellular lineages. These
tumours may be derived from HPCs or through dedifferentiation of mature
hepatocytes (24). They had a high grade of cellular pleomorphism and exhibited
inﬁltrative growth, vascular invasion and intrahepatic and/or extrahepatic
metastases. This group comprised 21% of canine hepatocellular tumours; the
frequency of this type of tumour in humans is 17% (25).
The third and smallest group of hepatocellular tumours had an intermediate position
with respect to histomorphology and immunohistochemistry. This group had the
characteristics of well‐differentiated hepatocellular tumours, but also showed
multifocal stromal proliferation and formation of ductular structures; in 1/3 tumours,
inﬁltrative growth suggested malignant transformation of the K19 positive structures.
A similar morphological entity has been described in humans as scirrhous
hepatocellular carcinoma, in which the stromal proliferation possibly drives K19
positive ductular differentiation (26).
There was a relatively low frequency (9%) of cholangiocellular tumours in our study,
possibly because dogs have a low incidence of chronic biliary disease.
Cholangiocellular neoplasms were associated with adult‐type congenital cystic
disease of the liver (27) in 4/10 cases. All nine canine cholangiocellular carcinomas
were positive for K19 and EMA/MUC‐1 and were thought to be derived from
differentiated mucin‐producing cholangiocytes, normally present in larger bile ducts.
Some of the tumours also showed CD10 positivity, which might suggest a ductular
origin. All cholangiocellular tumours exhibited inﬁltrative growth, vascular invasion
and intrahepatic and/or distant metastasis.
The cholangiolocarcinoma had a different morphology and immunohistochemical
pattern in comparison with the cholangiocellular carcinomas, with tubular structures
(K19, EMA/MUC‐1 and CD10 positive) and solid hepatocyte‐like areas (K19 positive
and HepPar‐1, EMA/MUC‐1 and CD10 negative). This is suggestive of bidirectional
differentiation of HPCs to hepatocytes and cholangiocytes (16). No cholangiocellular
adenomas were identiﬁed in our case series; these tumours are rare and it is likely
that almost all of the cholangiocellular adenomas described in the veterinary
literature represent adult‐type cystic liver disease (6).
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The primary hepatic neuroendocrine carcinomas identiﬁed in this study had a similar
histological appearance to those described by Patnaik et al. (28). These tumours are
rare in the dog and most likely are derived from pre‐existing neuroendocrine cells in
the biliary epithelium. In this study the frequency of neuroendocrine carcinomas was
low (3%) and all had intrahepatic metastases. All three tumours exhibited strong
positive immunostaining for NSE, while positive staining for Cg‐A was present in
>30% cells in 2/3 tumours; they were negative or mostly negative for other markers.
Positive immunostaining for NSE was present in 10/62 well‐differentiated
hepatocellular tumours, 2/17 malignant hepatocellular tumours, ductular structures
of 3/3 scirrhous hepatocellular tumours and 2/10 cholangiocellular carcinomas.
Although this immunoreactivity might indicate neuroendocrine differentiation, it may
be non‐speciﬁc or could be driven by the stromal microenvironment, as might occur
in scirrhous hepatocellular tumours. The positive staining for Cg‐A in well
differentiated malignant hepatocellular tumours, as well as in the
cholangiolocarcinoma, more likely indicates that there is some neuroendocrine
differentiation within these tumours, particularly since proliferating human HPCs
express Cg‐A (12,29).

Conclusions
Histological and immunohistochemical examination of primary hepatic neoplasms in
the dog can be used to differentiate various hepatocellular and cholangiocellular, as
well as neuroendocrine, tumours. The proposed new classiﬁcation in the dog is in
accordance with the most recent classiﬁcation scheme of primary hepatic neoplasms
in humans. This standardised classiﬁcation of the primary hepatic neoplasms in the
dog could be used as a basis for assessment of therapeutic interventions.
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Abstract
Hepatic tumours in dogs have recently been re‐classiﬁed to follow a revised human
classiﬁcation system that takes account of identiﬁed hepatic progenitor cells. This
study investigated the presence and relative frequency of morphological types of
feline primary hepatic neoplasms and aimed to determine whether a similar new
classiﬁcation scheme could be applied in cats. Feline primary liver tumours (n = 61)
were examined histologically and with a series of immunohistochemical markers.
Six cases of nodular hyperplasia and 21 tumours of hepatocellular origin were
diagnosed. The latter were subdivided into hepatocellular tumours that were well
differentiated and had no evidence of metastases (n = 18) and tumours that showed
poorly differentiated areas with marked cellular and nuclear pleomorphism and had
intrahepatic and, or, distant metastases (n = 3). These malignant feline hepatocellular
tumours maintained their hepatocellular characteristics (HepPar‐1, MRP2, pCEA
positive) and were negative, or only <5% positive, for K19. Twenty‐ﬁve
cholangiocellular tumours were diagnosed and all had intrahepatic and, or, distant
metastases. Eight NSE positive small cell carcinomas (carcinoids) were diagnosed and
subdivided into small cell carcinomas with HPC characteristics (K19 positive) and
neuroendocrine carcinomas (K19 negative). In addition, one squamous cell
carcinoma originating from the distal part of the choledochal duct was recognised.
Feline primary hepatic neoplasms can be sub‐divided into benign and malignant
hepatocellular tumours, cholangiocellular carcinomas, small cell carcinomas with HPC
characteristics, neuroendocrine carcinomas and squamous cell carcinomas. The
marked species difference justiﬁes a speciﬁc classiﬁcation for feline primary hepatic
neoplasms.

Keywords: Feline; Liver tumours; Immunohistochemistry; Classiﬁcation
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Introduction
Primary liver tumours represent 1.0–2.9% of all tumours in cats (1,2). Currently,
feline hepatic neoplasms are classiﬁed as hepatocellular adenomas and carcinomas,
cholangiocellular adenomas and carcinomas, mixed hepatocellular and
cholangiocellular carcinomas and hepatic carcinoids (3,4,5); a single feline
hepatoblastoma has been described in the literature (6).
Many advances have been made in the characterisation of primary liver tumours in
humans, in particular relating to the identiﬁcation and role of hepatic progenitor cells
(HPCs). HPCs are multipotent cells, located within the canals of Hering, with the
capacity for selfrenewal and differentiation into mature hepatocytes and
cholangiocytes. In cases that have severe liver cell damage, for example in acute
fulminant hepatitis, HPCs proliferate, and can be identiﬁed as keratin (K) 19 positive
ductular proliferation in the periportal areas (7,8,9). HPCs and their prognostic role
were also identiﬁed in primary hepatocellular tumours in humans: tumours with HPC
characteristics were poorly differentiated and aggressive (10,11,12). Studies on the
role of HPCs in the development and differentiation of various hepatic tumours have
resulted in a new histomorphological and immunohistochemical classiﬁcation of
primary liver tumours in humans, taking into account their aggressiveness and
prognosis (13,14) (Figure 1).
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Figure 1. Proposed origin and classification of primary liver tumours in humans. Primary liver tumours
may arise from mature hepatocytes or cholangiocytes representing the classic hepatocellular and
cholangiocellular adenomas and carcinomas. They may also arise from hepatic progenitor cells showing
varying degrees of differentiation and develop various and sometimes overlapping morphological
features such as cholangiolocarcinomas. HPC, hepatic progenitor cell; HCC, hepatocellular carcinoma;
CC, cholangiocellular carcinoma; CLC, cholangiolocarcinoma; K19, keratin 19. From van Sprundel et al.
(15).

Recently, a comparable classiﬁcation of primary liver tumours in dogs has been
made, whereby hepatocellular carcinomas and cholangiolocarcinomas with HPC
characteristics were recognised (15,16). Primary hepatic neoplasms in the cat can
also be classiﬁed and differentiated using morphological and immunohistochemical
characteristics (3).
The aim of the present study was to investigate the occurrence and relative
frequency of morphological types of primary hepatic neoplasms in the cat and to
determine whether a classiﬁcation similar to the canine scheme can be applied to
cats.

Material and methods
Samples
Formalin‐ﬁxed paraﬃn‐embedded material from primary liver tumours of 61 cats
was available from the archives of the Department of Pathobiology, Utrecht
University (n = 7), Valuepath Laboratory for Veterinary Pathology, Hoensbroek, The
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Netherlands (n = 7), the Institute of Veterinary Pathology, University of Zürich,
Switzerland (n = 35), and the Institute of Veterinary Pathology, Free University Berlin,
Germany (n = 12). All material was derived from clinical cases and had been
submitted for individual diagnostic purposes; no tissue was collected speciﬁcally for
the purpose of the present study. Formalin‐ﬁxed paraﬃn‐embedded samples from
the livers of healthy cats and a cat with reactive ductular proliferation associated
with acute fulminant hepatitis, as well as a sample from an adrenal gland of a cat,
were also available from the Department of Clinical Sciences of Companion Animals,
Utrecht University.
Grading and staging
Histological grading and staging of the tumours was performed as described by van
Sprundel et al. (15,16). The parameters scored from 0 to 3 for grading comprised cell
and nuclear pleomorphism, presence or absence of multinucleated tumour cells and
mitotic activity. Three stages were based on histopathology, anamnestic data
(ultrasonography and surgery reports), including follow‐up data from referring
veterinarians and/or owners and post‐mortem pathology reports. These were: (1)
Stage 0, macroscopically only one tumour process was present in the liver and, or,
microscopically the tumour was well circumscribed or encapsulated; there was no
evidence of intrahepatic or extrahepatic metastases; (2) Stage 1, microscopically the
tumour had spread beyond the original (primary) site to the adjacent tissue, there
was evidence of intravascular spread or the presence of microsatellites and/ or
multiple tumour processes were present in the liver macroscopically; (3) Stage 2, the
tumour had spread from the primary site to the regional lymph nodes and/ or other
organs (distant metastases).
Immunohistochemistry
Immunohistochemistry was performed for keratin 19 (K19), HepPar‐1, multidrug
resistance‐associated protein 2 (MRP2), polyclonal carcinoembryonic antigen (pCEA),
neuron‐speciﬁc enolase (NSE), and chromogranin‐A (Cg‐A) (Table 1). The
immunohistochemical reactions (IHCs) were optimized for the cat and accepted for
this investigation when the immunohistochemical staining pattern complied with the
information described in the literature and the information provided by the
manufacturer of the antibodies.
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Table 1. Antibody characteristics and experimental procedures for
immunohistochemistry
Antibody

Manufacturer

Type

Clone

Antigen retrieval

Dilution

Wash buffer

Incubation

K 19

Novocastra

Mouse mAb

b170

Proteinase K

1:100

TBS

O/N 4 °C

HepPar‐1

Dako

Mouse mAb

OCH1E5

Tris/EDTA

1:50

PBS

O/N 4 °C

MRP2

Monosan

Mouse mAb

M2III‐6

Citrate

1:300

PBS

O/N 4 °C

pCEA

Dako

Rabbit pAb

Code nr; A0115

Tris/EDTA

1:500

PBS

O/N 4 °C

NSE

Dako

Mouse mAb

BBS/NC/VI‐H14

Citrate

1:400

PBS

O/N 4 °C

Cg‐A

Immuno Star

Rabbit mAb

20086 SP‐1

No antigen retrieval

1:800

PBS

O/N 4 °C

Cg‐A, chromogranin‐A; EDTA, ethylene diamine tetraacetic acid; pCEA, polyclonal carcinoembryonic
antigen; K19, Keratin 19; MRP2, multidrug resistance‐associated protein 2; mAb, monoclonal antibody;
NSE, neuron‐specific enolase; O/N, over‐night; PBS, phosphate‐buffered saline; pAb, polyclonal
antibody; Prot K, proteinase K; RT, room temperature; TBS, Tris‐buffered saline.

Normal healthy feline liver served as positive control for K19, HepPar‐1, MRP2 and
pCEA; the liver with fulminant hepatitis was used to demonstrate positive staining of
the ductular (HPC) proliferation for K19. Adrenal glands served as a positive control
for NSE and Cg‐A. Negative controls were performed by replacing the primary
antibody with antibody diluent.

Results
In the normal liver, hepatocytes showed moderate to marked cytoplasmic staining
for HepPar‐1 (Figure 2A), mild to marked canalicular staining for MRP2 (Figure 2B)
and mild to marked canalicular, and sometimes slight cytoplasmic, staining for pCEA
(Figure 2C). Bile ducts showed strong cytoplasmic staining for K19 (Figure 2D). The
small bile ducts were negative or showed slight cytoplasmic and, or, apical staining
for pCEA whereas the larger bile ducts showed moderate to marked cytoplasmic
staining (Figures 2C,E). NSE and Cg‐A were always negative. Strong cytoplasmic
staining for K19 (Figure 2F) and moderate cytoplasmic staining for NSE (Figure 2G) of
the reactive ductular (HPC) proliferation was evident in the liver with acute fulminant
hepatitis, whereas these cells were negative for Cg‐A.
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Figure 2. Immunohistochemical staining of non‐neoplastic liver tissue. A. HepPar‐1, normal liver,
marked staining of hepatic cords, portal area negative; B. MRP2, normal liver, marked canalicular
staining, negative staining of larger bile duct in portal area; C. pCEA, normal liver, marked canalicular
staining and apical staining of small bile duct; D. K19, normal liver, small bile ducts with marked
cytoplasmic/membranous staining; E. pCEA, apical and marked cytoplasmic staining of large bile ducts;
F. K19, acute fulminant hepatitis with marked cytoplasmic staining of the reactive ductular proliferation
(HPC); G. NSE, acute fulminant hepatitis with moderate positive staining of reactive ductular
proliferation (HPC).

On histopathological and immunohistochemical examination, the 61 feline primary
liver tumours were classiﬁed as nodular hyperplasia (n = 6; 10%), hepatocellular
tumours (n = 21; 34%), cholangiocellular tumours (n = 25; 41%), hepatic small cell
carcinomas (carcinoids) (n = 8; 13%) and squamous cell carcinoma (n = 1; 2%). There
was no apparent sex or breed predisposition for a particular tumour type. The age of
the cats ranged from 2 to 18 years. In six cats with hepatocellular tumours and three
cats with cholangiocellular carcinomas cholangitis was present in the non‐neoplastic
liver parenchyma; in three additional cases cholangiocellular carcinomas were
associated with ﬁbrous areas with conglomerates of irregularly formed cystic or
dilated bile ducts, consistent with adult‐type congenital cystic liver disease (17).
Nodular hyperplasia (n = 6)
All cases of nodular hyperplasia were obtained at post‐mortem examination.
Histologically, hyperplastic nodules showed slight compression of the surrounding
parenchyma and consisted of bilayered cords of well‐differentiated hepatocytes
(Table 2; Figure 3A); characteristically, portal areas were present within the
hyperplastic nodules. Hepatocytes had a uniform and normal appearance and there
was no mitotic activity (grade 0). All hyperplastic nodules had moderate to marked
cytoplasmic staining for HepPar‐1 (Figure 3B) and were negative for K19, NSE and Cg‐
A. Four of the six nodular hyperplasia cases showed slight to moderate positivity for
MRP2 with a canalicular staining pattern (Figure 3C); two were completely negative.
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Two nodular hyperplasia showed slight to moderate diffuse and four multifocal slight
canalicular staining for pCEA (Figure 3D) (Table 3).
Table 2. Histological grading and staging of nodular hyperplasias, hepatocellular
tumours, cholangiocellular tumours, small cell carcinomas with HPC characteristics
and neuroendocrine carcinomas.
Grading

Staging

Nodular hyperplasia (n = 6)

0 (n = 6)

0 (n = 6)

Hepatocellular adenoma (n = 18)

0 (n = 1)
1 (n = 6)
2 (n = 11)

0 (n = 18)

Hepatocellular carcinoma (n = 3)

3 (n = 3)

1 (n = 2)
2 (n = 1)

Cholangiocellular carcinoma (n = 25)

1 (n = 2)
2 (n = 13)
3 (n = 10)

1 (n = 9)
2 (n = 16)

Small cell carcinoma with HPC
characteristics (n = 4)

2 (n = 4)

1 (n = 3)
2 (n = 1)

Neuroendocrine carcinoma (n = 4)

1 (n = 2)
2 (n = 2)

1 (n = 4)
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Figure 3. Nodular hyperplasias. A. HE, nodular hyperplasia with bilayered hepatic cords; B. HepPar‐1,
marked cytoplasmic staining of hepatocytes; C. MRP2, moderate canalicular staining (arrow); D. pCEA,
slight canalicular staining (arrow).

Hepatocellular tumours (n = 21)
Hepatocellular tumours were divided in two groups on the basis of histopathological
features (Tables 2,3). The first group comprised 18 hepatocellular adenomas, of
which 10 were received as surgical specimens and eight were obtained at post‐
mortem examination. On histopathological examination, these tumours were well
demarcated but mostly not encapsulated (Figure 4A). They consisted of relatively
small trabeculae of well differentiated hepatocytes in which there was absent or
limited cellular pleomorphism, and absent or rare mitotic figures (grade 1 to 2)
(Figure 4B); in 6/18 of these hepatocellular tumours there was moderate to marked
dissociation of the tumour cells (Figure 4A). Sometimes widely dilated sinusoids and
cavernous blood‐filled spaces as well as extramedullary haematopoiesis were
observed; haemorrhagic or necrotic areas were frequently seen.

106

Primary hepatic tumours in the cat
There was no evidence of infiltrative growth, intrahepatic vascular invasion or
metastases in any of the tumours (stage 0). Most had moderate to marked positive
cytoplasmic staining of hepatocytes for HepPar‐1 (Figure 4C); in one case that had
marked microvesicular steatosis of the hepatocytes, only 20% of hepatocytes stained
for HepPar‐1.With the exception of one tumour, neoplastic cells were K19
immunonegative (Figure 4D); in two cases fibrous septa with K19 positive reactive
ductules were present in the periphery of the neoplastic tissue. All tumours were
completely negative for NSE as well as Cg‐A. The tumours showed slight to marked
canalicular staining for MRP2 (Figure 4E) as well as moderate to marked canalicular
(Figure 4F) and sometimes slight cytoplasmic staining for pCEA, whereby cases with
cell dissociation had markedly decreased canalicular staining. Therewas insufficient
tissue for MRP2 and pCEA immunostaining in five cases.
One hepatocellular tumour in this group was distinctly different to the other
hepatocellular tumours and consisted of trabeculae of well‐differentiated
hepatocytes (Figure 4G), which showed marked canalicular staining for MRP2 (Figure
4H) and slight cytoplasmic staining for pCEA but marked loss (only 20% of tumour
positive) of HepPar‐1 staining (Figure 4I), as well as irregularly interspersed, slightly
ﬁbrotic areas (Figure 4G) with conglomerates of loosely arranged K19 positive cells
with cytoplasmic staining (Figure 4J), and absence of MRP2 and pCEA staining. NSE
and Cg‐A were both negative.
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Figure 4. Hepatocellular adenomas. A. HE, well demarcated but not encapsulated tumour with well
differentiated hepatocytes and dissociation of the tumour cells; B. HE, well differentiated hepatocytes in
a trabecular pattern; C. HepPar‐1, marked cytoplasmic staining of neoplastic tissue; D. K19, neoplastic
tissue negative; E. MRP2, marked canalicular staining in neoplastic tissue; F. pCEA, marked canalicular
staining in neoplastic tissue; G. HE, hepatocellular tumour with centrally slightly fibrotic areas and
loosely arranged tumour cells; H. MRP2, canalicular staining in well differentiated neoplastic tissue
(arrow) and absence of staining in central area; I. HepPar‐1, loss of HepPar‐1 expression in part of the
neoplastic tissue; J. K19, fibrotic area with marked cytoplasmic staining of loosely arranged centrally
located tumour cells.

The second group comprised the hepatocellular carcinomas (n = 3). Tumours of this
type were obtained at post‐mortem examination and two were received as surgical
specimens. The tumours histologically showed inﬁltrative growth into the
surrounding liver parenchyma and/or had intrahepatic and/or distant metastases
(stages 1–2). The tumours formed trabecular structures of hepatocytes with
moderate to marked cellular and nuclear pleomorphism, including large
multinucleated tumour cells (Figures 5A,B), and moderate to large numbers of
mitotic ﬁgures (grade 3).
In all three cases, the tumour cells had moderate to marked cytoplasmic staining for
HepPar‐1 throughout the tumour (Figure 5C); in the case investigated the tumour
also showed canalicular staining for MRP2 (Figure 5D) as well as for pCEA (Figure 5E).
In 2/3 cases there was positivity for K19 in 1–10% of the tumour cells with a
cytoplasmic staining pattern (Figure 5F). Except for non‐speciﬁc staining of
cytoplasmic inclusions in some tumours cells in one tumour, both NSE and Cg‐A were
negative. There was insuﬃcient tissue for MRP2 and pCEA immunostaining in two
cases.
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Figure 5. Hepatocellular carcinomas. A. HE, trabecular structures of hepatocytes with marked cellular
and nuclear pleomorphism; B. HE, poorly differentiated tumour with large multinucleated tumour cells;
C. HepPar‐1, marked cytoplasmic staining of the neoplastic tissue; D. MRP2, marked canalicular staining
in neoplastic tissue; E. pCEA, marked canalicular staining in neoplastic tissue; F. K19, some positive
neoplastic cells with cytoplasmic staining.
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Cholangiocellular carcinomas (n = 25)
Eleven tumours were received as surgical specimens and 14 were obtained post‐
mortem. These tumours showed an acinar, tubular and, or, papillary growth pattern
(Figures 6A,B) with moderate to marked ﬁbroplasia. The neoplastic cells were
cuboidal to columnar with a relatively small amount of cytoplasm, had moderate to
marked cellular and nuclear pleomorphism and variable numbers of mitotic ﬁgures
(grade 2–3) (Figure 6B). All cholangiocellular tumours had inﬁltrative growth and, or,
vascular invasion together with intrahepatic (Figure 6C) and, or, distant metastases
(stage 1–2) (Table 2). In three cases the tumour was associated with adult‐type
congenital cystic disease of the liver (Figure 6A).
Positive immunohistochemical staining for K19 was evident in 80–100% of the
tumour cells with a cytoplasmic and usually more intense membranous staining
(Figure 6D). Most of the tumours were negative for HepPar‐1 (Figure 6E), but two
showed positivity (<5%) for HepPar‐1 in some tumour cells in solid areas and in
intravascular metastases. Two of the 25 tumours were diffusely positive for NSE and
6/25 tumours showed positivity for NSE in 10–40% of the tumour cells. The
remaining tumours (n = 17) were completely negative for NSE. Cg‐A was negative in
all cases. All tumours randomly selected for MRP2 staining (n = 4) were negative for
this marker. pCEA showed marked variability with negative staining or apical,
membranous and, or, diffuse cytoplasmic staining in 5–100% of the tumour cells
(Figures 6F,G); there was insuﬃcient tissue for pCEA immunostaining in one case
(Table 3). No cholangiocellular adenomas were identiﬁed in our material.
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Table 3. Immunohistochemical findings of nodular hyperplasias, hepatocellular
tumours, cholangiocellular tumours, small cell carcinomas with HPC characteristics
and neuroendocrine carcinomas.

Nodular Hyperplasia

HepPar‐1

K19

MRP2

NSE

Cg‐A

100% (n=6)

0% (n=6)

100% (n=4)

0% (n=6)

0% (n=6)

(n=6)

0% (n=2)

pCEA
100% (n=2)
5‐10% (n=4)

Hepatocellular

100% (n=16)

0% (n=15)

100% (n=8)

adenoma (n=18)

20% (n=2)

5‐20% (n=3)

5‐20% (n=3)

1‐10% (n=3)

<1% (n=2)

0% (n=2)

NT (n=5)

NT (n=5)

Hepatocellular carcinoma

90‐100% (n=3)

(n=3)

0% (n=1)

100% (n=1)

<5% (n=2)

NT (n=2)

0% (n=18)

0% (n=3)

0% (n=18)

0% (n=3)

100% (n=8)

100% (n=1)
NT (n=2)

Cholangiocellular carcinoma

0% (n=23)

100% (n=24)

0% (n=4)

0% (n=20 )

(n=25)

<5% (n=2)

80% (n=1)

NT (n=21)

10‐40% (n=5)

0% (n=25)

0% (n=5)
5‐20% (n=7)
30‐80% (n=7)
90‐100% (n=5)
NT (n=1)

0% (n=2)

0% (n=1)

with HPC characteristics

Small cell carcinoma

<5% (n=1)

<5% (n=1)

(n=4)

40% (n=1)

NT (n=2)

Neuroendocrine carcinoma
(n=4)

0% (n=4)

0% (n=4)

30‐90% (n=4)

0% (n=4)

NT (n=4)

70‐90% (n=4)

0% (n=1)

80‐90% (n=2)

0% (n=2)

0% (n=1)

NT (n=3)

100% (n=2)

50‐70% (n=2)

100% (n=1)
NT (n=2)

Cg‐A, chromogranin‐A; K19, keratin 19; NSE, neuron‐specific enolase; MRP2, multidrug resistance‐
associated protein 2; pCEA, polyclonal carcinoembryonic antigen; NT, not tested.
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Figure 6. Feline cholangiocellular carcinomas. A. HE, adult type cystic disease of the liver in combination
with a tubulopapillary cholangiocarcinoma; B. HE, tubulopapillary growth pattern with cellular
pleomorphism and mitotic figures (arrow); C. HE, vascular invasion and intrahepatic metastases; D. K19,
marked positivity of neoplastic tissue with a cytoplasmic and membranous staining pattern; E. HepPar‐1,
negative staining of the tumour cells, some small pre‐existent hepatic cords with marked cytoplasmic
staining present; F. pCEA, negative staining neoplastic tissue with slight positive staining in intravascular
metastasis; G. pCEA, marked staining of the tumour cells with an apical and cytoplasmic pattern.

Small cell carcinomas (carcinoids) (n = 8)
Five tumours were received as a surgical specimen and three were obtained at post‐
mortem examination. Histologically, these small cell carcinomas (carcinoids)
consisted of small cells with varying amounts of cytoplasm and hyperchromatic basal
nuclei, and a trabecular and, or, rosette growth pattern. The tumour cells showed
only slight cellular and nuclear pleomorphism, the mitotic activity was moderate to
high and the tumours were graded as 1 to 2 (Figures 7A,B and 8A). All tumours had
evidence of intrahepatic metastases (stage 1) and one tumour also had distant
metastases (stage 2) (Table 2). Despite their morphological resemblance and their
identical immunohistochemical staining for HepPar‐1 and NSE, these tumours could
be subdivided in two groups based on their immunohistochemical staining for K19
(Table 3).
Four of the small cell carcinomas had hepatic progenitor cell characteristics where
K19 positive cytoplasmic staining was seen in 30–90% of tumour cells (Figure 7C),
whereas HepPar‐1 staining was negative (Figure 7D). Cytoplasmic staining for NSE
was positive in 30–90% of the tumour cells (Figure 7E); Cg‐A was negative in two
cases, and showed positive staining in <5% respectively 40% of tumour cells in the
other cases. Only two tumours could be stained for pCEA, one of which proved
negative and the other only minimal staining. Insuﬃcient material was available for
MRP2 immunostaining.
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Figure 7. Feline small cell carcinomas with HPC characteristics. A. HE, small cells organized in trabecular
and rosette growth pattern; B. HE, slight cellular and nuclear pleomorphism with a high mitotic activity;
C. K19, marked positivity in neoplastic cells with a cytoplasmic staining pattern; D. HepPar‐1, negative
staining of neoplastic tissue, some positive pre‐existent liver tissue present at the periphery; E. NSE,
positive staining of neoplastic tissue.
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The four other cases were neuroendocrine carcinomas where K19 as well as HepPar‐
1 immunohistochemical staining was negative (Figures 8B,C). Cytoplasmic staining for
NSE was positive in 80–100% of tumour cells in all four cases (Figure 8D). Cg‐A
exhibited cytoplasmic staining in 50–70% of the tumour cells in two cases (Figure 8E)
and was negative in the other two cases. PCEA staining was performed in two cases
with contrasting results showing respectively 1% cytoplasmic and 100% weak apical
staining. Insufﬁcient material was available for MRP2 immunostaining.
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Figure 8. Feline neuroendocrine carcinomas. A. HE, small cells with a varying amount of cytoplasm in a
rosette growth pattern; B. K19, negative staining of neoplastic tissue; a single pre‐existent positive cell is
present; C. HepPar‐1, negative staining of neoplastic tissue, pre‐existent hepatic cords with positive
staining on the left side; D. NSE, marked cytoplasmic staining of neoplastic tissue; E. Cg‐A, cytoplasmic
positivity of neoplastic cells.

Squamous cell carcinoma (n = 1)
This tumour was obtained at post‐mortem examination, presented in the distal part
of the choledochal duct, and showed intrahepatic and distant metastases (stage 2).
Histologically, the tumour consisted of irregularly formed solid areas with squamous
differentiation inﬁltrating the surrounding ﬁbrous tissue (Figure 9A) and evidence of
vascular invasion. The tumour cells showed marked cellular and nuclear
pleomorphism and many mitotic ﬁgures (grade 3) (Table 2; Figure 9A). K19 IHC
showed a cytoplasmic and membranous staining pattern in 90% of the tumour cells
(Figure 9B). There was positive cytoplasmic and membranous pCEA staining in 70% of
the tumour cells (Figure 9C). NSE staining varied considerably and was positive in
about 20% of the tumour (Figure 9D) and Cg‐A in less than 2% of the tumour cells.
HepPar‐1 and MRP2 immunostaining were completely negative (Table 3).
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Figure 9. Squamous cell carcinoma. A. HE, irregularly formed solid areas with squamous differentiation
infiltrating the surrounding fibrous tissue; B. K19, marked cytoplasmic and membranous staining of
neoplastic cells; C. pCEA, cytoplasmic and membranous staining of neoplastic cells; D. NSE, moderate
cytoplasmic staining in neoplastic cells.

Discussion
In this study, 61 feline primary liver tumours were classiﬁed into morphologically
well‐deﬁned groups on the basis of histopathological and immunohistochemical
examination (Table 4).
Nodular hyperplasia is a benign hepatocellular proliferation which occurs in older
cats and can occur as single or multiple nodules, often as an incidental ﬁnding during
laparotomy or at post‐mortem examination (5). The relatively low prevalence of
nodular hyperplasias in this study (10%) is probably associated with the use of
archival material since nodular hyperplasias are easily recognized grossly and usually
are not sampled for histopathological examination.
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Table 4. Histological and immunohistochemical differentiation and classification of
nodular hyperplasias, hepatocellular tumours, cholangiocellular tumours, small cell
carcinomas
with HPC characteristics and neuroendocrine carcinomas.
HepPar‐1

K19

MRP2

Nodular hyperplasia

+++

0

0 ‐ +++

Hepatocellular adenoma

+++

0‐+

+ ‐ +++

Hepatocellular carcinoma

++ ‐ +++

0‐+

+++

Cholangiocellular carcinoma

0

+++

0

pCEA
+ ‐ +++
canalicular
+ ‐ +++
canalicular
+++
canalicular
0 ‐ +++
apical/

NSE

Cg‐A

0

0

0

0

0

0

0 ‐ ++

0

cytoplasmic
Small cell carcinoma
with HPC characteristics

Neuroendocrine carcinoma

0

++ ‐ +++

NT

0‐+

++ ‐ +++

+ ‐ ++

0

0

0

0 ‐ +++

++ ‐ +++

0 ‐ ++

Cg‐A, chromogranin‐A; K19, keratin 19; NSE, neuron‐specific enolase; MRP2, multidrug resistance‐
associated protein 2; pCEA, polyclonal carcinoembryonic antigen; NT, not tested.
+ = slight staining; ++ = moderate staining; +++ = marked staining.

In cats the relative frequency of the various primary hepatic tumours is quite
different compared with dogs. Whereas in dogs 77% were hepatocellular tumours
with only 9% cholangiocellular tumours (15), in cats cholangiocellular tumours (41%)
were more frequent than hepatocellular tumours (34%). This difference has also
been noted by Patnaik (3) and might be associated with the high prevalence of
cholangitis (18,19,20,21and cystic disease of the liver (22) in cats, whereas both are
infrequently observed in dogs (17).
In cats, the hepatocellular tumours could be subdivided into well‐differentiated
hepatocellular adenomas and poorly differentiated hepatocellular carcinomas with
marked cellular and nuclear pleomorphism including many multinucleated tumour
cells and mitoses. In contrast to the dog, feline hepatocellular carcinomas maintained
their hepatocellular characteristics because they stained with the hepatocellular
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markers HepPar‐1, MRP2 and pCEA throughout the tumour, and because they were
negative or almost negative for K19 these feline hepatocellular carcinomas did not
show HPC characteristics as observed in dog and humans. In the group of the feline
hepatocellular adenomas one tumour had a different aspect with well‐differentiated
areas (MRP2 and pCEA positive, however with loss of HepPar‐1) plus conglomerates
of K19 positive cells with HPC characteristics as seen in the dog, possibly indicating
transition to malignancy.
Cholangiocellular tumours were the most common primary hepatic neoplasms in cats
in the present study; in 3/25 cases they were associated with adult‐type congenital
cystic diseases of the liver and, in an additional three cases, with chronic cholangitis.
All 25 cholangiocellular carcinomas were positive for K19 with a cytoplasmic or
membranous staining and, in essence, negative for HepPar‐1. In the two cases with
minimal HepPar‐1 positivity (<5%) this might indicate bidirectional (i.e.
cholangiocellular and hepatocellular) differentiation.
The pCEA stain showed marked variation from almost negative to apical and/or
cytoplasmic staining in 5–100% of the tumour cells. This difference in pCEA staining
possibly depends on the origin of the neoplasm because in the normal feline liver
small bile ducts were negative or showed apical staining and larger bile ducts showed
cytoplasmic staining for pCEA . The feline cholangiocellular carcinomas with
cytoplasmic staining for pCEA are thought to be derived from mucin‐producing
cholangiocytes, normally present in larger bile ducts and could be associated with the
production of large quantities of mucin as described in a cholangiocarcinoma in a cat
(23). The negative staining for MRP2 in the randomly selected cholangiocellular
carcinomas proves the speciﬁcity of MRP2 for normal and neoplastic hepatocytes.
No cholangiocellular adenomas were identiﬁed in our study; these tumours are very
rare and probably all feline cholangiocellular adenomas described in veterinary
literature represent adult‐type cystic liver disease (5).
Besides the hepatocellular and cholangiocellular tumours that we identiﬁed, a third
group of small cell carcinomas (carcinoids) was recognized. These tumours were
organized in a trabecular and, or, rosette pattern and showed positive staining for
neuroendocrine markers, similar to the neuroendocrine hepatobiliary tumours or
carcinoids reported by Patnaik et al. (24). They could be subdivided into K19 negative
– probably true neuroendocrine carcinomas originating from neuroendocrine cells in
the epithelium of the intrahepatic or extrahepatic bile duct (24) – and K19 positive
small cell carcinomas. The latter are probably derived from hepatic progenitor cells
because they stained for K19 and NSE similarly to the reactive proliferation of HPCs in
the cat with acute fulminant hepatitis. They resemble the neoplasm described as
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hepatoblastoma in an 8‐year old cat in which K7 staining indicated HPC origin (6)
because K7 also stains reactive HPC proliferation in the cat (25). However, we prefer
to call these K19 positive tumours small cell carcinomas with HPC characteristics
instead of hepatoblastomas because, in humans, the latter are histologically different
from the feline tumours. In addition, the feline cases have a median age of 12 years
whereas hepatoblastomas occur in children younger than 3 years of age (26).
Apart from the small cell carcinomas with HPC characteristics and neuroendocrine
carcinomas, positive staining for NSE was present in 7/25 cholangiocellular
carcinomas and in the squamous cell carcinoma. Although this immunoreactivity
might indicate neuroendocrine differentiation, it could be non‐speciﬁc or could be
driven by the stromal microenvironment. The squamous cell carcinoma of the distal
part of the choledochal duct in our opinion is just an incidental ﬁnding and probably
originates from squamous metaplasia of the biliary epithelium.

Conclusions
Histological and immunohistochemical examination of primary hepatic neoplasms in
the cat can be used to differentiate hepatocellular adenomas and carcinomas,
cholangiocellular carcinomas as well as small cell carcinomas with HPC characteristics
and neuroendocrine carcinomas. In contrast to the dog, feline hepatocellular
carcinomas showed no HPC characteristics but maintained their hepatocellular
characteristics. Instead, within the small cell carcinomas or carcinoids a K19 negative
group of true neuroendocrine carcinomas and a K19 positive group with HPC
characteristics were recognized. These differences between canine and feline
primary hepatic neoplasms justify a separate, new classiﬁcation scheme for the cat.
This new classiﬁcation could be used as a basis for assessment of future therapeutic
interventions.
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Introduction
Hepatic progenitor cells (HPC) are multipotent cells located within the liver’s stem
cell compartment, the ductal plates of fetal and neonatal livers, and canals of Hering
in pediatric and adult livers (1,2,3,4,5). They are the only parenchymal liver cells with
both the capacity for self‐renewal as well the capacity to generate numerous reactive
precursor cells, committed progenitors and their descendants. These become,
governed by their mesenchymal microenvironment, mature hepatocytes and
cholangiocytes (6,7). They may also demonstrate autonomous growth and develop
into primary hepatic neoplasms, where depending on the presence of further
maturation and differentiation various morphological entities may be seen.
Over the past decade, many advances have been made in the characterisation of
primary liver tumours in man, in particular regarding the identification of HPC and
their prognostic significance in hepatocellular tumours (4,5,8). A comparable finding
with regard to the presence and prognostic significance of hepatic progenitor cells
was made in primary hepatocellular tumours in dogs (9). More recently, the role of
hepatic progenitor cells in the development and differentiation of the various forms
of intrahepatic cholangiocellular tumours in man has been elucidated (10). This
knowledge has resulted in a proposal for a new morphological and
immunohistochemical classification of primary liver tumours in man (10,11), which
facilitates the diagnosis and categorisation of these tumours including their
aggressiveness and prognosis.
Recently, primary epithelial hepatic neoplasms in dogs and cats have been
morphologically and immunohistochemically classified and differentiated in a similar
system that includes hepatic progenitor cells (12,13). The various morphological
types of primary epithelial hepatic neoplasms in the dog is in accordance with the
recent classification scheme in humans. Although overlapping features exist between
canine and feline neoplasms, there are also marked morphological and
immunohistochemical differences present between the canine and feline primary
epithelial neoplasms. Therefore the feline primary epithelial hepatic neoplasms are
classified and described separately. For the immunohistochemical differentiation,
markers representative of hepatocytic and cholangiocytic lineages as well as HPC and
neuroendocrine markers were used (Table 1) (12,13).
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Table 1. Markers used for immunohistochemical differentiation of primary epithelial
hepatic neoplasms in the dog and cat
Markers
Dog

Hepatocellular
HepPar‐1
cytoplasmic
CD10
canalicular
K19
Intermediate
hepatocyte
submembranous

Cat

HepPar‐1
cytoplasmic
MRP2
canalicular

Cholangiocellular
K19
cytoplasmic‐
membranous
EMA/MUC‐1
cytoplasmic

HPC
Neuroendocrine
K19
Cg‐A
cytoplasmic cytoplasmic
NSE
cytoplasmic

CD10
apical / cytoplasmic

K19
cytoplasmic‐
membranous
pCEA
apical / cytoplasmic

K19
Cg‐A
cytoplasmic cytoplasmic
NSE
cytoplasmic

pCEA
canalicular
K19
Intermediate
hepatocyte
Submembranous
Cg‐A, chromogranin‐A; K19, keratin 19, NSE, neuron‐specific enolase; MRP2, multidrug resistance‐
associated protein 2; pCEA, polyclonal carcinoembryonic antigen; EMA/MUC‐1, epithelial membrane
antigen/mucin‐1.
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The neoplastic disorders of the liver in dogs and cats can be classified as:
1. Primary epithelial hepatic neoplasia in the dog
a. Hepatocellular adenoma
b. Hepatocellular carcinoma
c. Scirrhous hepatocellular tumour
d. Cholangiocellular adenoma
e. Cholangiocellular carcinoma
f. Cholangiolocarcinoma
g. Neuroendocrine carcinoma
2. Primary epithelial hepatic neoplasia in the cat
a. Hepatocellular adenoma
b. Hepatocellular carcinoma
c. Cholangiocellular adenoma
d. Cholangiocellular carcinoma
e. Small cell carcinoma
i.
Neuroendocrine carcinoma
ii.
Small cell carcinoma with HPC characteristics
3. Mixed hepatocellular and cholangiocellular carcinoma
4. Hepatoblastoma
5. Primary hepatic vascular and mesenchymal neoplasia
6. Hematopoietic neoplasia
7. Metastatic neoplasia

Nodular hyperplasia
Nodular hyperplasia is a non‐neoplastic, benign hepatocellular proliferation and a
common disorder in older dogs, but occurs less often in cats (14,15). The incidence
increases with age and most of the dogs above the age of 10 years have multiple
hyperplastic nodules. The hyperplasia can be found as single or as multiple nodules
which can range in size from 0.2 – 3.0 cm diameter (Figure 1). Nodular hyperplasia is
encountered often as an incidental finding during laparotomy or at postmortem
examination (16,17). Histologically, the lesion presents as a non‐encapsulated nodule
with a rather well retained lobular arrangement, consisting of bi‐layered cords of
well‐differentiated hepatocytes and slight compression of the surrounding
parenchyma (Figure 2). Portal areas may be present within or at the periphery of the
nodule, depending on the size of the nodular hyperplasia and its origin within the
lobule. The nodules often show focal or diffuse lipidosis or glycogen accumulation of
the hepatocytes. Nodular hyperplasia should be distinguished from regenerative
nodules as seen in macronodular cirrhosis of the liver. In macronodular cirrhosis
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affected livers are grossly characterised by collapsed fibrotic areas and multiple
nodules of varying size ranging from 0.2 to several centimeters in diameter.
Immunohistochemically, nodular hyperplasia shows a cytoplasmic positivity of
hepatocytes for HepPar‐1, and a canalicular staining for CD10 in the dog and for
MRP2 and pCEA in the cat, but are negative for K19.

Figure 1. Dog. Nodular hyperplasia. (Reproduced from Mouwen JMVM, De Groot ECBM, eds. Atlas of
veterinary pathology. Utrecht: Bunge; 1982, with permission).

Figure 2. Dog. Nodular hyperplasia. Non‐encapsulated nodule of double layered cords of hepatocytes.
HE.

Primary epithelial hepatic neoplasia in the dog (12)
Primary epithelial liver tumours in dogs are relatively rare and represent only 0.6‐
1.5% of all tumours in dogs; affected animals are mostly older dogs. In the dog no
predisposing factors are known, and in almost all canine primary liver tumours no
additional liver pathology is present (12).
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Hepatocellular adenoma
Hepatocellular adenomas (14,15,18) are rather common in the dog. They are usually
restricted to one or two liver lobes and consist of friable pale tumours that closely
resemble normal liver tissue. Histologically, these tumours are well demarcated,
often encapsulated and lack portal tracts and bile ducts. They consist of broad
trabeculae of well‐differentiated hepatocytes (Figure 3), separated by sometimes
markedly dilated sinusoids and cystic blood and/or serum filled spaces. The
hepatocytes have no or limited cellular pleomorphism, the nuclei are similar to those
in normal hepatocytes, but nucleoli may be more prominent. Mitotic figures are
absent or rare. Often focal or more extensive areas with macrovesicular or mixed
type lipidosis or marked glycogen accumulation of the neoplastic hepatocytes are
observed; also areas of necrosis may be present. Sometimes foci of extramedullary
hemopoiesis and Fe‐pigment containing macrophages can be seen.
Immunohistochemically, hepatocellular adenomas show marked cytoplasmic
positivity of hepatocytes for HepPar‐1 and a canalicular staining for CD10. In some
tumours few hepatocytes with slight cytoplasmic or submembranous positivity for
K19 (< 5%) can be seen but most of the hepatocellular adenomas are negative for
K19. Some positivity for NSE and Cg‐A can occasionally be seen in hepatocellular
adenomas, but they are negative for EMA/MUC‐1.

Figure 3. Dog. Hepatocellular adenoma. Broad trabeculae of well‐differentiated hepatocytes with a
uniform appearance. HE.

Hepatocellular carcinoma
Hepatocellular carcinomas represent about 20% of all hepatocellular tumours in the
dog and usually present as a nodular or diffusely affected liver (Figure 4) (12).
Histologically, they form irregular trabeculae of relative small cells, compared to
normal hepatocytes, and are poorly differentiated with marked cellular and nuclear
pleomorphism, and many mitotic figures (Figure 5). They show marked infiltrative
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growth, exhibit lymphatic and vascular invasion in portal tracts and have intrahepatic
and very often distant metastases.
Immunohistochemically they have all the characteristics of tumours derived from
HPC as they show extensively (40‐100%) and marked cytoplasmic staining for K19
(Figure 6), stain negative or rarely and then only locally positive for HepPar‐1, and are
negative for CD10 and EMA/MUC1. Positive staining for NSE and Cg‐A of single or
small groups of tumour cells can occasionally be seen.

Figure 4. Dog. Hepatocellular carcinoma.

Figure 5. Dog. Hepatocellular carcinoma. Relatively small undifferentiated tumour cells. HE.
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Figure 6. Dog. Hepatocellular carcinoma with infiltrative growth and intravascular metastasis (arrow).
Marked cytoplasmic staining of tumour cells. K19.

The canine hepatocellular tumours which do not express K19 or have less than 5%
positivity for K19 in principle have a benign character (12). However, one of the
authors with a longstanding experience in liver pathology (TvdI) has once seen an
exceptional case with a well differentiated hepatocellular tumour, which proved
HepPar‐1 positive and K19 negative and had metastasized to the lungs; also the
metastasis was HepPar‐1 positive and K19 negative. In addition, it cannot be excluded
that in progression of the disease a tumour with less than 5% K19 staining might
develop increased K19 positivity and hence conceive malignant characteristics.
Scirrhous hepatocellular tumour
Scirrhous hepatocellular tumours are very rare and have an intermediate position
with respect to histomorphology and immunohistochemistry and probably prognosis.
They present as large solitary structures that resemble normal liver tissue. These
hepatocellular tumours mainly consist of trabecular structures of well‐differentiated
hepatocytes similar to a hepatocellular adenoma, and multifocal areas with a fibrous
stromal component and ductular structures, whereby the trabecular areas are
continuous with the ductular structures (Figure 7)(12).
Immunohistochemically, the trabecular areas are positive for HepPar‐1 and CD10,
but negative for K19. The ductular structures in the areas of fibrosis are positive for
K19 (Figure 8) and NSE, but negative for HepPar‐1 and CD10. In two out of three
tumours described, the ductular/fibrotic areas were well circumscribed and present
within the well‐differentiated trabecular component (12). In one tumour the ductular
component had infiltrative growth suggesting malignant transformation. A similar
morphological entity has been described in humans as scrirrhous hepatocellular
carcinoma, in which the stromal proliferation possibly drives the K19 positive
ductular differentiation (6).
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Figure 7. Dog. Scirrhous hepatocellular tumour. Trabecular area with transition to ductular structures in
fibrotic tissue. HE.

Figure 8. Dog. Scirrhous hepatocellular tumour. Positive ductular structures in fibrotic area with
negative staining hepatocytes in trabecular area. K19

Cholangiocellular adenoma
Cholangiocellular adenomas are solitary, well circumscribed tumours composed of
biliary epithelial cells. Cholangiocellular adenomas are extremely rare in dogs (14,15).
They show expansive growth and consist of slightly dilated, occasionally cystic
structures lined with cuboidal or flattened well‐differentiated biliary epithelium. They
should be differentiated from unilocular or multilocular cysts or Von Meyenburg
complexes as seen in congenital cystic disease of the liver. These cystic lesions,
(which are often mistaken for cholangiocellular adenomas), typically show irregular
cystic spaces lined with cuboidal to flattened epithelium, varying amounts of fibrous
tissue, and often islands of hepatocytes that are interspersed between the cysts.
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Cholangiocellular carcinoma
Cholangiocellular carcinomas are malignant neoplasms of biliary epithelium and
usually arise from the intrahepatic bile ducts. They are relatively rare in dogs
(14,15,18,19) and may occur as a large single mass, but often present as multiple
irregularly formed tumour nodules. They have a whitish appearance and firm
consistency and often show central umbilication (Figure 9). Microscopically they are
monomorphic with an acinar, ductular and/or papillary growth pattern (Figure 10)
and often are associated with marked fibroplasia. The neoplastic cells are cuboidal to
columnar, with a relative small amount of cytoplasm, and usually there is marked
cellular and nuclear pleiomorphism and mitotic figures are encountered regularly.
In well differentiated areas in the lumen of the cholangiocellular carcinoma mucin
may be detected. The margins of the tumour clearly show invasion of tumour cells in
the surrounding parenchyma. Spread within the liver particularly results from
metastases along the portal lymphatics and the portal vein. Metastases to the
regional (hepatic) lymph nodes as well as distant metastases are frequently seen.
Cholangiocellular carcinomas may also arise from the extrahepatic bile ducts and,
apart from metastases, may cause obstruction of the common bile duct and thus
extrahepatic cholestasis.
Immunohistochemically, cholangiocellular carcinomas are positive for K19 with a
cytoplasmic‐ membranous staining pattern (Figure 11) and are also strongly positive
for EMA/MUC‐1 with an apical membranous and/or diffuse cytoplasmic staining
pattern; they are negative for HepPar‐1. Some of the cholangiocellular carcinomas
show some positivity for CD10, but most of these tumours are negative for this
marker. Cytoplasmic staining for EMA/MUC‐1, as seen in most cholangiocellular
carcinomas, suggests that these tumours are derived from differentiated mucin
producing cholangiocytes, which are normally present in the larger bile ducts. Apical
membranous staining for EMA/MUC‐1 as well as positive staining for CD10 suggest a
ductular origin as in the normal liver only the smallest bile ducts show apical
membranous staining for EMA/MUC‐1 and stain for CD10. In some cholangiocellular
carcinomas some positivity for NSE can be observed.
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Figure 9. Dog. Cholangiocellular carcinoma. Multiple irregularly formed tumours, often showing central
umbilication

Figure 10. Dog. Cholangiocellular carcinoma. Papillary growth of rather well‐differentiated bile duct
epithelium with multiple mitotic figures. HE.

Figure 11. Dog. Cholangiocellular carcinoma with marked fibroplasia. Marked cytoplasmic and
membranous staining of neoplastic epithelium. K19.
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Cholangiololocarcinoma
Cholangiolocarcinoma is a very rare malignant tumour in the dog with a different
morphological and immunohistochemical pattern in comparison with the
cholangiocellular carcinomas. The tumour is characterised by a combination of,
usually centrally located, tubular structures with or without fibrosis, and solid areas
with a more hepatocellular appearance (Figure 12). They show moderate to marked
cellular and nuclear pleomorphism and have a high mitotic activity. Intrahepatic
metastases, metastases to the regional (hepatic) lymph nodes as well as distant
metastases are seen.
Immunohistochemically, the tubular areas of the cholangiolocarcinoma show
cytoplasmic and membranous staining for K19 (Figure 13) and an apical and/or
cytoplasmic staining for EMA/MUC‐1 and CD10. The solid hepatocyte‐like areas show
a moderate cytoplasmic staining for K19 (Figure 13), a focal cytoplasmic staining for
Cg‐A and are negative for EMA/MUC‐1 and CD10. The appearance of the
cholangiolocarcinoma is suggestive for bidirectional differentiation of neoplastic HPC
to hepatocytes and cholangiocytes (10,11).

Figure 12. Dog. Cholangiolocarcinoma. Tubular area (left) and sold area (upper right). HE.
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Figure 13. Dog. Cholangiolocarcinoma. Marked cytoplasmic‐membranous staining of tubular areas
(lower left) and less intense, cytoplasmic staining of solid areas (upper right). K19.

Neuroendocrine carcinoma
Neuroendocrine carcinomas are rare neoplasms in dogs (14,20) and most likely
derived from pre‐existing neuroendocrine cells in the biliary epithelium. These
tumours can be recognized in both intrahepatic and extrahepatic sites. They can form
solitary masses, but they can also occur as multiple nodules probably due to
intrahepatic metastasis, particularly in intrahepatic tumours. Histologically,
neuroendocrine carcinomas consist of medium‐sized to large columnar cells with
abundant cytoplasm and basal nuclei in a trabecular and/or rosette growth pattern
(Figure 14). The tumour cells show only slight cellular and nuclear pleomorphism; the
mitotic activity is moderate to high. Intrahepatic metastases are frequently seen.
Immunohistochemically they have a strong positive cytoplasmic staining for NSE
(Figure 15) while the positivity for Cg‐A can be variable. They usually are negative for
K19 although sometimes focal staining of a small amount of tumour cells can be
seen. They are negative for HepPar‐1, CD10 an EMA/MUC1.
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Figure 14. Dog. Neuroendocrine carcinoma. Rosette pattern with fine fibro‐vascular stroma. HE.

Figure 15. Dog. Neuroendocrine carcinoma with marked cytoplasmic staining of neoplastic cells. NSE.

Primary epithelial hepatic neoplasia in the cat (13)
In cats the relative frequency of the various primary epithelial hepatic tumours is
quite different compared with dogs. In the dog hepatocellular tumours are much
more common than the cholangiocellular tumours. In cats, however, the
cholangiocellular tumours are the most common primary epithelial hepatic
neoplasm. This difference might be associated with the high prevalence of cholangitis
and cystic liver disease in cats, whereas both are infrequently observed in dogs
(21,22,23,24,25).
Hepatocellular adenoma
Hepatocellular adenomas are often seen in cats (14,15,17,26) and closely resemble
canine hepatocellular adenomas. Grossly they are usually restricted to one or two
liver lobes and consist of friable pale tumours that closely resemble normal liver
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tissue (Figure 16). Histologically, they are well demarcated, lack portal areas and bile
ducts and consist of relatively small trabeculae of well differentiated hepatocytes
with no or very limited cellular pleomorphism and no or rare mitotic figures (Figure
17). In the hepatocellular adenoma sometimes widely dilated sinusoids and
cavernous blood‐filled spaces as well as extramedullary hematopoiesis can be seen.
Hemorrhagic or necrotic areas are frequently observed.
Immunohistochemically, hepatocellular adenomas show marked positive cytoplasmic
staining of the hepatocytes for HepPar‐1 and a slight to moderate canalicular staining
for MRP2 and pCEA. They are negative for K19, NSE and Cg‐A. Rarely hepatocellular
adenomas with a different aspect can be seen with regional loss of HepPar‐1 staining
and presence of conglomerates of K19 positive cells with cytoplasmic staining,
characteristic for HPC, and possibly indicating transition to malignancy.

Figure 16. Cat. Hepatocellular adenoma.

Figure 17. Cat. Hepatocellular adenoma with relatively small trabeculae of well differentiated
hepatocytes. HE.
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Hepatocellular carcinoma
Hepatocellular carcinomas are malignant neoplasms of hepatocytes and are
infrequently seen in cats (14,15,27). They may occur as large solitary structures that
resemble normal liver tissue, but also may be seen widespread throughout the liver.
Histologically, the tumours form trabecular structures of hepatocytes with moderate
to marked cellular and nuclear pleomorphism, including large atypical, bizarre and
multinucleated hepatocytes (Figure 18,19) and moderate to large numbers of mitotic
figures. They often show infiltrative growth into the surrounding liver parenchyma
and/or have intrahepatic and/or distant metastases.
Immunohistochemically, they maintain their hepatocellular characteristics as they
show marked cytoplasmic staining for HepPar‐1 and canalicular staining for MRP2
(Figure 20) and pCEA but are negative or only show a solitary cell with cytoplasmic
staining for K19. They are negative for NSE and Cg‐A.

Figure 18. Cat. Hepatocellular carcinoma. Trabecular structures of hepatocytes with marked cellular
and nuclear pleomorphism and mitotic figures. HE.

Figure 19. Cat. Hepatocellular carcinoma. Trabeculae of atypical, bizarre and multinucleated
hepatocytes. HE.
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Figure 20. Cat. Hepatocellular carcinoma with marked canalicular staining. MRP2.

Cholangiocellular adenoma
Cholangiocellular adenomas resemble macroscopically and microscopically
cholangiocellular adenomas in dogs. They are extremely rare in the cat (14,15) and
probably all feline cholangiocellular adenomas described in veterinary literature
represent adult‐type cystic liver disease (Figure 21) (17).

Figure 21. Cat. Liver. Adult‐type polycystic disease. Irregularly formed bile ducts with cystic dilatation.
HE.

Cholangiocellular carcinoma
Cholangiocellular carcinomas are the most common primary epithelial hepatic
neoplasm in cats and have been associated with chronic cholangitis due to liver fluke
infestation (22,25) and with adult‐type congenital cystic diseases of the liver (13).
They may occur intrahepatic and in the extrahepatic large bile ducts and closely
resemble cholangiocellular carcinomas in dogs macroscopically, microscopically
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(Figure 22) and prognostically. Immunohistochemically, feline cholangiocellular
carcinomas are positive for K19 with a cytoplasmic‐membranous staining pattern
(Figure 23). They are negative for the hepatocellular markers HepPar‐1 and MRP2 as
well as for the neuroendocrine markers NSE and Cg‐A. A marked variability between
neoplasms for pCEA can be seen; this difference in pCEA staining possibly depends on
the origin of the neoplasm because in the normal feline liver small bile ducts are
negative or show an apical staining and larger bile ducts show a cytoplasmic staining
for pCEA (13). The feline cholangiocellular carcinomas with cytoplasmic staining for
pCEA are thought to be derived from mucin‐producing cholangiocytes, normally
present in larger bile ducts and could be associated with the production of large
quantities of mucin as described in a cholangiocarcinoma in a cat (28). No
cholangiolocarcinomas have been observed in cats to date .

Figure 22. Cat. Cholangiocellular carcinoma. Tubulopapillary growth pattern and infiltrative growth. HE.

Figure 23. Cat. Cholangiocellular carcinoma. Marked cytoplasmic and membranous staining of
neoplastic tissue. K19.
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Small cell carcinoma
Small cell carcinomas are rare neoplasms in cats (14,27). These tumours can be
recognized in both intrahepatic and extrahepatic bile ducts and the gall bladder. They
can form solitary masses, but particularly in intrahepatic tumours they can also occur
as multiple nodules (Figure 24) probably due to intrahepatic metastasis
Histologically, these small cell carcinomas consist of relatively small cells with varying
amounts of cytoplasm and hyperchromatic nuclei, and a trabecular and/or rosette
growth pattern. The tumour cells show only slight cellular and nuclear pleomorphism
and the mitotic activity is moderate to high. Small cell carcinomas often show
lymphatic and vascular invasion and intrahepatic metastases; sometimes also distant
metastases can be seen.
Immunohistochemically they show diffuse or variable positive cytoplasmic staining
for NSE and less for Cg‐A. Although comparable in histology and behaviour, the feline
small cell carcinomas can be subdivided based on their immunohistochemical
staining for K19 into K19 negative neuroendocrine carcinomas probably originating
from neuroendocrine cells in the epithelium of the intrahepatic or extrahepatic bile
duct (29) (Figure 25) and K19 positive small cell carcinomas with HPC characteristics
(Figure 28).

Figure 24. Cat. Hepatic small cell carcinoma.

Neuroendocrine carcinoma
The K19 negative small cell carcinomas probably originating from neuroendocrine
cells (Figure 27) are also negative for HepPar‐1 and MRP2 but are highly positive for
NSE (Figure 26) and show variable positivity for Cg‐A and pCEA.
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Figure 25. Cat. Neuroendocrine carcinoma. Small cells in a trabecular and rosette growth pattern. HE.

Figure 26. Cat. Neuroendocrine carcinoma. Marked cytoplasmic staining of neoplastic tissue. NSE.

Figure 27. Cat. Neuroendocrine carcinoma. Negative staining of neoplastic tissue. K19.
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Small cell carcinoma with HPC characteristics
The small cell carcinomas with HPC characteristics show variable cytoplasmic staining
for K19 (Figure 30), are negative for HepPar‐1, MRP2 and pCEA and show a variable
positive staining for NSE (Figure 29) and Cg‐A.

Figure 28. Cat. Small cell carcinoma with HPC characteristics. Small cells with slight cellular and nuclear
pleomorphism with a high mitotic activity; infiltrative growth. HE.

Figure 29. Cat. Small cell carcinoma with HPC characteristics. Moderate positive and cytoplasmic
staining of neoplastic tissue. NSE.
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Figure 30. Cat. Small cell carcinoma with HPC characteristics. Positive and cytoplasmic staining of
neoplastic tissue. K19.

Mixed hepatocellular and cholangiocellular carcinoma
Sometimes primary hepatic tumours with a mixed histological pattern of
hepatocellular differentiation and cholangiocellular differentiation are observed (18).
Immunohistochemical evaluation of future cases will reveal whether they all
represent scirrhous hepatocellular carcinomas or cholangiolocarcinomas or whether
mixed hepatocellular and cholangiocellular carcinoma should be maintained as a
separate group.

Hepatoblastoma
Hepatoblastomas frequently occur in children and are composed of epithelial
elements at various stages of differentiation or are mixed and composed of epithelial
and mesenchymal elements in varying proportions. The epithelial element
recapitulates the stages of hepatocyte development from the primitive blastema
through embryonal hepatocytes fetal hepatocytes. The blastemal or undifferentiated
cells have been postulated to represent neoplastic hepatocytic progenitor cells. The
hepatoblastomas display differing immunoreactivity within and between tumours,
probably based on their degree of differentiation (30).
Hepatoblastomas have been described in domestic animals in lambs (31) and in foals
(32,33) but until now have not been unequivocally recognized in dogs and cats. In the
literature a neoplasm in a 8‐year old cat with positivity for K7 is described as
hepatoblastoma (34). However, this tumour may represent a small cell carcinoma
with HPC characteristics.
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Primary vascular and mesenchymal tumours in dogs and cats
Primary vascular and mesenchymal tumours, except for hemangiosarcoma, are
extremely rare in dogs and cats (14). Apart from the already mentioned
hemangiosarcoma (Figure 31), they include lymphangioma, lymphangiosarcoma
(Figure 32), fibrosarcoma, leiomyosarcoma, malignant mesenchymoma,
osteosarcoma and rhabdomyosarcoma. These tumours have the same gross and
histological characteristics as those that arise at other more commonly affected sites
of the body.

Figure 31. Dog. Liver. Hemangiosarcoma. HE.

Figure 32. Dog. Liver. Lymphangiosarcoma; extension in the portal area. HE.
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Myelolipoma
Myelolipoma of the liver is a very rare benign tumour or tumour‐like lesion and has
only been reported in cats and wild felids (14,15). They are usually found as multiple
growths that may be located in more than one lobe of the liver. Myelolipomas are
rather well delineated or surrounded by a thin capsule and are composed of mature
and normal appearing adipose and myeloid tissue resembling normal bone marrow
(Figure 33).

Figure 33. Cat. Liver. Myelolipoma. HE.

Hematopoietic neoplasms
The liver is often involved in hematopoietic neoplasia usually as part of generalized
or visceral forms of the disease. The organ usually is affected diffusely and has a
swollen, pale appearance, often with a zonal (lobular) pattern, but nodular
infiltration can also occur.
Lymphoma is the most frequent type observed and histologically often shows
particular involvement of the portal areas and the connective tissue around the
hepatic veins (Figure 34). Both B and T cell lymphomas are seen. Rarely an
epitheliotropic variant of T‐cell lymphoma is observed with marked emperipolesis of
tumour cells by the hepatocytes (Figure 35) (35).
Other types of hematopoietic neoplasms involving the liver include the whole
spectrum of hematopoietic cells and include systemic and malignant histiocytosis
(Figure 36), systemic mastocytosis (malignant mastocytosis) (Figure 37), erythremic
myelosis, megakaryocytic leukemia, a neutrophilic ‐, eosinophilic ‐ and basophilic
myeloid leukemia, monocytic leukemia, and systemic plasmacytosis.
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Figure 34. Dog. Liver centrolobular area. Lymphoma. Infiltrates of neoplastic cells around the central
vein and in the sinusoids. HE.

Figure 35. Cat. Liver. Epitheliotropic lymphoma with emperipolesis of neoplastic lymphocytes by
hepatocytes. HE.

Figure 36. Dog. Liver. Malignant histiocytosis with parenchymal and portal infiltrates of neoplastic
histiocytic cells, and extramedullary erythropoiesis. HE.
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Figure 37. Dog. Liver. Systemic mastocytosis. Pleomorphic neoplastic mast cells and some eosinophilic
leukocytes. HE.

Metastatic neoplasia
Metastatic neoplasia in the liver in the dog and cat are more common than primary
neoplasia. Metastases usually occur as multiple foci of different sizes and
histologically resemble the primary tumour.
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Abstract
The expression of the hepatic progenitor cell marker K19 in human hepatocellular
carcinomas has been linked with a poor prognosis. A comparable finding was made in
canine hepatocellular tumours. To better understand the aggressive behaviour of
K19‐positive hepatocellular tumours, K19‐positive and negative hepatocellular
tumours were immunohistochemically stained and compared for the presence of
proteins known to be crucial in tumour development. The K19‐positive canine
hepatocellular carcinomas showed marked positivity for Platelet‐derived growth
factor receptor alpha polypeptide (PDGFRα), CD29, Laminin, B‐cell specific Moloney
murine leukaemia virus integration site 1 (Bmi‐1) and Glypican‐3 (GPC‐3), in contrast
with the K19‐negative hepatocellular adenomas. Neurofibromatosis type 2 (NF2) was
highly expressed in the hepatocellular adenomas in contrast with the hepatocellular
carcinomas. Besides a better characterisation of the hepatocellular tumours, the
presence of the malignancy markers Platelet‐derived growth factor receptor alpha
polypeptide and Glypican‐3 might make it possible to develop specific strategies to
intervene in tumour growth and to devise novel personalised treatment methods for
canine hepatocellular carcinomas.

Keywords: canine hepatocellular tumours; HPC; immunohistochemistry; tumour
markers
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Introduction
Many tumours have been shown to possess characteristics of non‐neoplastic stem
cells (1). This phenomenon indicates that these tumours have similar features as can
be found in stem cells including a marked capacity for proliferation and the capacity
to differentiate to various cell types resulting in a heterogeneous population of
neoplastic cells within a tumour (2). Adult stem cells in the liver are called hepatic
progenitor cells (HPC) and are activated in the majority of liver diseases (3,4,5,6,7).
Importantly, they may also be a potential source for carcinogenesis (8,9). One
particular independent marker has been proven to identify neoplastic cells with HPC
characteristics in primary hepatic tumours. This marker, keratin (K) 19, can be used
for the identification of neoplasms with HPC characteristics and has resulted in a
novel classification scheme for primary hepatic neoplasms in both man (10,11), dog
(13), and cat (14). The presence of K19‐positivity in human liver tumours has been
linked with a poor prognosis (9,14). A comparable finding was made in dogs with
regard to prognostic significance of K19‐positivity in primary hepatocellular tumours
(15). Although K19‐positivity is clearly associated with a poor prognosis, it remains
unclear why these particular tumours are more aggressive compared to K19‐negative
hepatocellular tumours.
To better understand this we investigated cellular characteristics of K19‐positive
hepatocellular tumours compared to K19‐negative canine hepatocellular tumours. In
this immunohistochemical study several malignancy and cell type specific markers
are evaluated including Platelet‐derived growth factor receptor alpha polypeptide
(PDGFRα) (16,17), Integrin beta‐1 (Itgβ1/CD29) (18), laminin (19), Polycomb ring
finger oncogene (B‐cell specific Moloney murine leukaemia virus integration site 1;
Bmi‐1) (20), Glypican‐3 (GPC‐3) (21,22), Neurofibromatosis type 2 (merlin/NF2)
(23,24), and the macrophage marker MAC387 (25). All these markers play a distinct
role in the progression of tumours with regard to angiogenesis, invasion,
proliferation and increased survival. These cellular characteristics may provide insight
into the mechanisms of malignant transformation of the K19‐positive hepatocellular
tumours and may help to devise novel personalised treatment methods.

Materials and methods
Samples
Eleven formalin‐fixed paraffin‐embedded samples of primary liver tumours were
selected from a group of 106 canine primary liver tumours implemented in a
previous characterisation study (12). The selection of the eleven hepatocellular
tumours was based on K19‐staining and comprised six well differentiated K19‐
negative hepatocellular adenomas (HCA) and five poorly differentiated K19‐positive
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hepatocellular carcinomas (HCC). All material was derived from clinical cases and was
submitted for diagnostic purposes; no tissue was collected specifically for the
purpose of the present study.
Immunohistochemistry
Immunohistochemistry was performed essentially as described previously (12) for
PDGFRα, CD29, laminin, Bmi‐1, GPC‐3, NF2 and MAC387 (Table 1).
Table 1. Antibody characteristics and experimental procedures for
immunohistochemistry
Antibody

Manufacturer

Type

Clone

Antigen retrieval

Dilution Wash buffer

Incubation

K19

Novocastra

Mouse mAb

b170

Proteinase K

1:100

TBS

O/N 4 °C

PDGFRα

Abcam

Rabbit Ab

Polyclonal

Tris/EDTA buffer

1:100

PBS

O/N 4 °C

CD29

BD Biosciences

Mouse mAb

18/CD29

Citrate

1:100

PBS

O/N 4 °C

Laminin

Abcam

Rabbit Ab

Polyclonal

Proteinase K

1:100

PBS

O/N 4 °C

Bmi‐1

Millipore

Mouse mAb

F6

Tris/EDTA

1:150

PBS

O/N 4 °C

Glypican‐3

Biomosaics

Mouse mAB

1G12

Citrate

1:100

PBS

O/N 4 °C

NF2

Sigma

Rabbit Ab

Polyclonal

Proteinase K

1:300

PBS

60 min. RT

MAC387

Abcam

Mouse mAB

MAC387

Proteinase K

1:1,000

PBS

O/N 4 °C

K19, Keratin 19; PDGFRα, Platelet‐Derived Growth Factor Receptor Alpha Polypeptide; Bmi‐1, B‐cell
specific Moloney murine leukaemia virus integration site 1; NF2, Neurofibromatosis type 2; MAC387,
Macrophage antigen 387; O/N, over‐night; PBS, Phosphate‐buffered saline; mAb, Monoclonal antibody;
Prot K, Proteinase K; RT, Room temperature; TBS, Tris‐buffered saline.
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Cell lines and culture
HepaRG cells were obtained from BioPredic International (Rennes, France) and were
cultured in Williams Medium E containing 10% (v/v) FCS (Harlan Sera‐Lab,
Loughborough, United Kingdom), 5μg/ml insulin (Sigma‐Aldrich, Zwijndrecht, the
Netherlands), 50μM hydrocortisone hemisuccinate (Sigma‐Aldrich), and standard
antibiotics (pen/strep). BDE cells were acquired from the Amsterdam Medical Center,
Experimental Liver cell bank (Amsterdam, the Netherlands). BDE cells were grown in
DMEM supplemented with 10% (v/v) FCS, Glutamax (Life Technologies), and standard
antibiotics (pen/strep). Cells were split once every week. Cells were cultured at 37oC
with 5% CO2 in air in a humidified atmosphere.
Immunocytochemistry
Cells were harvested by trypsinization, washed with Hanks’ Balanced Salt solution
and aliquots of 100,000 cells were centrifuged at 650 rpm for 10 minutes on glass
slides. Cytospins were dried and fixed in ice‐cold acetone/methanol (1:1) for 15
minutes at −20°C. Slides were washed in Phosphate‐buffered saline (PBS) with 0.1%
(v/v) Tween. Endogenous peroxidase was inhibited with peroxidase‐blocking solution
(Dako, Glostrup, Denmark) and thereafter incubated with 10% (v/v) normal goat
serum for 30 minutes at room temperature to reduce background staining. Slides
were incubated overnight at 4°C with diluted antibody (1:100) directed against
PDGFRα (Abcam, Cambridge, United Kingdom) and subsequently with a horseradish
peroxidase‐labelled, goat anti‐rabbit secondary antibody (EnVision, Dako) for 45
minutes at room temperature. Finally, the peroxidase activity was visualized by
incubating the slides for 5 minutes with diaminobenzidine (Dako). Cells were
counterstained with hematoxylin for 10 seconds, dehydrated, and mounted in
Vectamount (Vector labs, Peterborough, United Kingdom). Negative control included
the omission of the primary antibody.
Imatinib treatment and MTT assay
One day before treatment cells (BDE and HepaRG) were plated with a density of
31,250 cells/cm2 in 96‐well plates in 100µl culture media per well. Imatinib
methanesulfonate salt (100mM) (LC Laboratories, Woburn, MA, USA) was initially
dissolved in sterile milliQ. Cells were treated with 10µl of a dilution series of imatinib
ranging from 0 till 10,000µM in HBSS. Cell proliferation was assessed after 30 hours
by adding 20µl of a 5mg/ml MTT solution (Sigma‐Aldrich). After two hours cells were
lysed in 100µl dimethylsulfoxide (DMSO) and absorbance was recorded at 595nm
with a model 3550 microplate reader (Bio‐Rad, Veenendaal, the Netherlands). Blank
control values (no imatinib, no cells) were subtracted from the sample values and the
means of six replicate wells for each drug dilution and the control (0µM imatinib)

161

Chapter 7
were used to calculate the extent of relative growth inhibition (as percentage of the
control). Sigmoidal curve fitting and non‐linear regression (dynamic fitting) for IC50
values was performed with SigmaPlot (version 12.5).

Results
Histological characteristics of the selected canine tumours
Hepatocellular adenomas (HCA), K19‐negative (n = 6) ‐ Histologically, these tumours
were well demarcated and formed broad trabeculae of well differentiated
hepatocytes separated by fine fibrovascular stroma and sometimes widely dilated
sinusoids and cavernous blood‐filled spaces, as well as necrotic areas. The
hepatocytes were well differentiated and had no or limited cellular pleomorphism
with no or rare mitotic figures and regularly showed glycogen‐rich areas or steatosis
(Figure 1A). The tumours were completely negative for K19 (Figure 1B).
Hepatocellular carcinomas (HCC), K19‐positive (n = 5) ‐ Histologically, these tumours
formed irregular trabeculae and showed marked infiltration in the surrounding
parenchyma. The cells were small or medium sized compared to normal hepatocytes
and were poorly differentiated, with marked cellular and nuclear pleomorphism and
many mitotic figures (Figure 1C). All exhibited lymphatic and vascular invasion and
had intrahepatic and/or distant metastases. K19 showed marked cytoplasmic staining
of 90‐100% of the tumour cells (Figure 1D).
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HE

K19

HCA
K19‐

HCC
K19+

Figure 1. Histological characteristics of the selected canine tumours. A. HE. Hepatocellular adenoma,
well demarcated tumour with well differentiated hepatocytes; B. K19. Hepatocellular adenoma,
neoplastic tissue negative; C. HE. Hepatocellular carcinoma, trabecular structures of hepatocytes with
marked cellular and nuclear pleomorphism and mitotic figures; D. K19. Hepatocellular carcinoma,
marked cytoplasmic staining of the tumour cells.

Immunohistochemical cellular characteristics (Table 2)
The expression of the following malignancy or cell type specific markers was
assessed. PDGFRα, a member of the receptor tyrosine kinase family which plays an
important role in angiogenesis and proliferation, showed marked cytoplasmic
positivity in 100% of the tumour cells in all HCCs (Figure 2A). The HCAs also showed
cytoplasmic positivity but much less intense and in fewer cells (Figure 2B). The
normal adjacent liver tissue showed a slight cytoplasmic positivity on the hepatocytes
and sometimes also cytoplasmic positivity of bile ducts. In the fibrous tissue marked
positivity of myofibroblasts and vascular structures could be seen.
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Table 2. Immunohistochemical results of the hepatocellular tumours.
Antibody

HCC (n=5)

HCA (n=6)

PDGFRα

+++ (cytoplasmic)

+ (cytoplasmic)

CD29

0 (n=1)
+ ‐ ++ (cytoplasmic; n=4)

0

Laminin

+++ (cytoplasmic)

0 (n=2)
+ (cytoplasmic; n=4)

Bmi‐1

0 (n=1)
++ (nuclear and slight cytoplasmic; n=4)

0 ‐ + (nuclear)

Glypican‐3

+++

0

NF2

0 (n=2)
+ (cytoplasmic; n=3)

++ (cytoplasmic and membranous)

MAC387

+ ‐ ++

+ ‐ ++

PDGFRα, Platelet‐Derived Growth Factor Receptor Alpha Polypeptide; Bmi‐1, B‐cell specific Moloney
murine leukemia virus integration site 1; NF2, Neurofibromatosis type 2; MAC387, Macrophage antigen
387; HCC, hepatocellular carcinoma; HCA, hepatocellular adenoma; +, slight staining; ++, moderate
staining; +++, marked staining.

Major non‐collagenous glycoproteins of the basement membrane including laminin,
and its receptors such as CD29 are involved in a wide variety of biological events
including development of tumour invasion and metastasis. Laminin showed a marked
cytoplasmic positivity in all five HCCs (Figure 2C). In the group of HCAs four of the six
tumours showed a slight to moderate cytoplasmic positivity for laminin in 25% of the
tumour cells; two of the six hepatocellular adenomas were negative for laminin
(Figure 2D). The normal hepatocytes in the adjacent liver tissue were negative for
laminin but there was a marked positivity for laminin in the sinusoidal lining (Figure
2D). CD29 showed a slight to moderate cytoplasmic positivity in four of the five HCCs
(Figure 2E); one carcinoma was negative for CD29. All HCAs were negative for CD29
(Figure 2F).
Bmi‐1, which plays an essential role in the propagation of stem cells, showed
moderate to marked nuclear staining with negative or slight cytoplasmic positivity in
four of the five HCCs (Figure 2G); one HCC was negative. In the group of the HCAs
two showed slight nuclear positivity and the other four were negative (Figure 2H).

164

Cellular characteristics of K19 positive canine hepatocellular tumours

GPC‐3, a malignancy marker for human HCC, showed a marked cytoplasmic positivity
in 100% of the tumour cells in all five HCCs (Figure 2I). The HCAs were all negative for
GPC‐3 (Figure 2J). Also the normal adjacent liver tissue did not show any positivity for
GPC‐3 (data not shown).

HCC / K19+

HCA / K19‐

PDGFRα

laminin

CD29
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Bmi‐1

GPC‐3

Figure 2. Immunohistochemical cellular characteristics. A. PDGFRΑ. Hepatocellular carcinoma, marked
cytoplasmic positivity of the tumour cells; B. PDGFRΑ. Hepatocellular adenoma, slight cytoplasmic
positivity of the tumour cells; C. Laminin. Hepatocellular carcinoma, marked cytoplasmic positivity of the
tumour cells; D. Laminin. Hepatocellular adenoma, neoplastic tissue negative and a marked cytoplasmic
positivity in the sinusoidal lining; E. CD29. Hepatocellular carcinoma, moderate cytoplasmic positivity of
the tumour cells; F. CD29. Hepatocellular adenoma, neoplastic tissue negative; G. Bmi‐1. Hepatocellular
carcinoma, marked nuclear staining with slight cytoplasmic positivity of the tumour cells; H. Bmi‐1.
Hepatocellular adenoma, slight nuclear positivity of the tumour cells; I. Glypican‐3. Hepatocellular
carcinoma, marked cytoplasmic positivity of tumour cells; J. Glypican‐3. Hepatocellular adenoma,
neoplastic tissue negative.

NF2 is known as tumour suppressor gene. NF2 showed a slight cytoplasmic staining in
three of the five HCCs; two carcinomas were negative (Figure 3A). All HCAs exhibited
a moderate to marked cytoplasmic and/or membranous positivity for NF2 (Figure
3B). The adjacent normal liver tissue showed a slight membranous and cytoplasmic
positivity of the hepatocytes and a membranous positivity of the bile ducts (data not
shown).
MAC387 is a macrophage marker and expressed moderate positivity in all
hepatocellular tumours; macrophages were regularly observed in increased numbers
near necrotic areas. There was no difference between the HCCs (Figure 3C) and HCAs
(Figure 3D). In the adjacent normal liver tissue surrounding tumours a moderate
amount of macrophages could be found in both tumour types.

166

Cellular characteristics of K19 positive canine hepatocellular tumours

HCC / K19+

HCA / K19‐

NF2

MAC387

Figure 3. Immunohistochemical cellular/environmental characteristics. A. NF2. Hepatocellular
carcinoma, neoplastic tissue (star) negative, on the right slight membranous positivity of the normal
liver tissue; B. NF2. Hepatocellular adenoma, marked cytoplasmic and membranous positivity of the
tumour cells; C. MAC387, Hepatocellular carcinoma, conglomerate of positive staining macrophages in
an area of necrosis; D. MAC387, Hepatocellular adenoma, infiltrate of macrophages in and near an area
of necrosis (star).

Treatment of hepatic cell lines with imatinib
In order to test the suitability of the tyrosine kinase inhibitor imatinib on PDGFRα
positive cells, the sensitivity of the human (HepaRG) and canine (BDE) hepatic cell
lines was tested. These cell lines both represent the malignant counterpart of
progenitor cells (26,27). The vast majority of the cells of the HepaRG and BDE cell
lines were positive for PDGFRα as determined by immunocytochemistry (Figure 4A).
Both cell lines seemed to respond to imatinib, HepaRG seemed to respond less (IC50
of 505µM) compared to BDE (IC50 of 397µM) (Figure 4B).
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Figure 4. Treatment of imatinib on hepatic cell lines. A. Immunocytochemistry of PDGFRA in HepaRG
and BDE cells, magnification 400x; B. Cell viability of HepaRG and BDE cells after treatment with
imatinib. Data is represented as mean percentage with standard deviation. Lines represent sigmoidal
curve fit.
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Discussion
Tumour markers are used to help detect, diagnose, and clinically manage some types
of cancer (28). Although several blood serum markers have been proposed to aid in
the (early) detection of hepatocellular tumours including alpha‐fetoprotein (AFP),
glypican‐3 (GPC‐3) and squamous cell carcinoma antigen‐immunoglobulin M
complexes (SCCA‐IgM) in man (29,30,31), investigation into prognostic
immunohistochemical markers is less pronounced. In view of the heterogeneity of
hepatocellular tumours prognostic markers will aid in a better understanding of the
tumour biology as well as in devising novel, potentially personalised, treatments.
In this study, K19‐positive HCCs and K19‐negative HCAs were compared for the
cellular presence of various proteins known to be crucial in tumour development.
The marker PDGFRα is highly expressed in canine HCCs and negative or slightly
positive in the HCAs. PDGFRα is mentioned to play an important role in angiogenesis
and proliferation in human hepatocellular carcinomas (17). High expression of
PDGFRα in tumours seems to be associated with earlier post‐operative recurrence of
human HCCs and has also been indicated in development of metastasis (16). The
presence of PDGFRα in the canine HCCs suggests a role in the angiogenesis and
tumour proliferation and this finding corresponds with the malignant character
described for the PDGFRα positive human HCCs.
Laminin is a member of the laminin family and binds to CD29, a member of the
integrin family. Integrin receptors are cell surface receptors that mediate the physical
and functional interactions between a cell and its surrounding extracellular matrix
(ECM). In human HCCs the expression of laminin as well as CD29 by neoplastic cells
correlates with invasiveness and metastatic activity and malignant transformation
(18,19). In our study laminin was highly expressed in all the HCCs whereas HCAs were
negative or showed only slight and focal staining. CD29 was expressed in the majority
of HCCs and negative in HCAs. The high expression of laminin and CD29 in the canine
HCCs suggests a role in tumour invasion and metastases and may be an important
feature in the malignant transformation of these tumours.
In our study Bmi‐1 was expressed (moderate to marked) in four out of five HCCs with
a nuclear or cytoplasmic staining. One HCC did not express Bmi‐1 possibly due to
fixation artefacts or prolonged storage of the paraffin material as this tumour was
also negative for some other immunohistochemical stains in this study. In the HCAs a
negative or slight nuclear Bmi‐1 staining was seen. Both nuclear as well as
cytoplasmic localization of Bmi‐1 is described in human HCC (31,32,33). One of the
main oncogenic potentials of Bmi‐1 is to promote the survival of cancer cells by
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inhibiting apoptosis and promoting the resistance of cells to chemotherapy or
radiation (34). In addition, the cytoplasmic presence of Bmi‐1 may indicate an
alternative signalling cascade involved in metastatic behaviour (35,36). The presence
of Bmi‐1 in the canine HCCs corresponds with the malignant character described for
the Bmi‐1 positive human HCCs (20,34). Bmi‐1 has been shown to be important in
self‐renewal of several types of stem cells (34) potentially indicating higher stemness
in Bmi‐1 positive tumours. Another stem cell marker, CD133, also stained positive in
canine HCCs and was negative in canine HCAs as well as other types of canine
primary hepatic tumours such as cholangiocellular carcinomas and hepatic carcinoids
(supplemental data). These results indicate that the canine HCCs have stem cell
characteristics.
In our study, all HCCs were highly positive for GPC‐3, whereas the HCAs were
completely negative for GPC‐3. These results are in accordance with human literature
where the presence of GPC‐3 is much higher in HCCs compared to cirrhotic tissue or
small focal pre‐neoplastic lesions. This indicates that the transition from small
premalignant lesions to HCC is associated with a sharp increase of GPC‐3 expression
(21,22,37,38).
In our study the HCAs showed a marked to moderate positivity for NF2 in all the
tumours in contrast with the HCCs with a negative or only slight cytoplasmic
expression of NF2. Suppression of NF2 in developing liver of mice leads to the
development of cholangiocellular and hepatocellular carcinomas (24). The decreased
expression in the HCCs is in accordance with the human literature and supports the
hypothesis that the suppression correlates to enhanced expression of HPC
characteristics and subsequently to the development of metastatic HCCs.
A moderate to marked MAC387 expression was found in all hepatocellular tumours
and there was no difference between the HCCs and HCAs. The increased presence of
MAC387 positive macrophages near areas of necrosis is not surprising and expected
as a secondary inflammatory response. The association between MAC387 expression
and malignancy described in several human studies (25,39) and also in canine
mammary tumours (40) has not been observed in the hepatocellular tumours in our
study. As an explanation it has been described that the balance between the pro‐ and
anti‐tumorigenic properties of macrophages may depend on tumour type and organ
site (25). This may explain that in our hepatocellular tumours no correlation between
malignancy and the expression of MAC387 was seen.
One of the most intriguing findings is the PDGFRα and GPC‐3 positivity in the HCCs in
contrast with the HCAs. These markers, explaining the behaviour of HCC compared to
HCA, pose the highest potential for the development of novel diagnostic and
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treatment strategies. The study of Capurro et al. (29) has shown that GPC‐3 promotes
the in vivo and in vitro growth of HCC by stimulating canonical Wnt signalling (29).
Furthermore GPC‐3 was found in the serum of 53% of HCC patients, while
undetectable in normal serum (29). These results indicate that GPC‐3 can be used as
a novel serum maker in patients with HCCs (41). In addition, since GPC‐3 is expressed
by malignant cells but not by normal or cirrhotic liver cells suggest that novel
therapeutic approaches for HCC could be generated by targeting this protein (42). In
fact several therapeutical options including GPC‐3 directed antibodies, a peptide
vaccine, and an agonist mutant GPC‐3 are currently under investigation for treatment
of human HCC (43,44,45,46,47). In the dog GPC‐3 can also be used as a malignancy
marker in HCC (15). The HCC specific GPC‐3 expression indicates the need to confirm
the usefulness of the marker GPC‐3 as a blood serum marker for the detection and
possible treatment for canine HCC.
Another therapeutic option for malignant canine tumours was based on the positivity
of PDFGRα in HCC. Deregulation of protein kinase activity, like PDGFRα, has been
shown to play a central role in the pathogenesis of human cancers (48). Targeted
therapy in the form of selective tyrosine kinase inhibitors has transformed the
management of various human cancers and represents a therapeutic breakthrough.
Imatinib, a tyrosine kinase inhibitor specific for PDGF‐Rs (including PDGFRα), c‐ΚΙΤ
and BCR‐ABL, has revolutionized the therapy of specific malignancies (48,49). Two
cell lines with HPC characteristics, the human HepaRG and canine BDE cell lines both
seemed to respond to treatment with imatinib. This indicates that imatinib can be a
possible treatment option for canine HCC.

Conclusions
The differential expression of malignancy markers (PDGFRα and GPC‐3) explains the
malignant phenotype of HCC versus HCA. In addition, it allows to develop a specific
diagnostic serum test and a (personalised) therapeutic approach to intervene in
tumour growth.
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Appendix: Supplementary material
Materials and Methods: Antibody: CD133; Manufacturer: eBioscience; Type: Rat
mAB; Clone: 13A4; Antigen Retrieval: Pepsine 0.4% (fresh); Dilution: 1:25; Wash
buffer: PBS; Incubation: O/N 4 °C
Discussion: the positivity of CD133 in canine hepatocellular carcinomas in contrast
with the negative staining of canine hepatocellular adenomas and other canine
primary hepatic tumours suggests that these K19‐positive canine hepatocellular
carcinomas have stem cell characteristics.
Conclusion: K19‐positive canine hepatocellular carcinomas have stem cell
characteristics.

Supplemental Figure CD133, a stemness marker, showed a slight cytoplasmic staining in K19‐positive
canine hepatocellular carcinomas and was negative in canine hepatocellular adenomas as well as in
other canine primary hepatic tumours i.e. cholangiocellular carcinomas and hepatic carcinoids.
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Liver cancer in man is a disease of increasing incidence worldwide and hepatocellular
carcinomas are the fifth leading cause of death on a worldwide basis. In man
hepatocellular carcinomas often arise in cirrhotic livers which frequently are
associated with predominant risk factors like hepatitis B and C infections, alcohol
abuse and aflatoxins (1,2,3,4). There are strong arguments that, together with
mature hepatocytes and cholangiocytes, activated hepatic progenitor cells (HPC) are
one of the target populations of carcinogenesis (5,6). Human hepatocellular tumours
(HCCs) which are positive for K19, a marker of HPCs, are therefore called HCC with
progenitor cell characteristics. These tumours have a higher rate of recurrence after
transplantation (7) and are linked with a worse prognosis and faster recurrence after
surgical resection (8,9,10,11) and an overall shorter survival (12). Also
cholangiocellular tumours with HPC characteristics have been recognized (13). The
origin and relevance of expression of HPC markers in these tumours is still a point of
uncertainty. It can be explained in two ways; either by maturation arrest of the
neoplastic progenitor cells (14,15,16,17,18), or alternatively by dedifferentiation of
neoplastic hepatocytes (15,19). According to the findings of K19 as prognostic marker
in hepatocellular carcinomas (14) and the recognition of K19 positive HPCs in
cholangiocellular carcinomas (20), a new human hepatic tumour classification has
been proposed (6). In this classification human hepatocellular tumours are
subdivided in hepatocellular adenomas, hepatocellular carcinomas which are
negative or less than 5% positive for K19 and hepatocellular carcinomas which are
more than 5% positive for K19 as determined by immunohistochemistry. The
cholangiocellular tumours can be subdivided in cholangiocellular adenomas,
cholangiocellular carcinomas, cholangiolocarcinomas and mixed hepatocellular‐
cholangiocellular tumours. The last two mentioned are reported as hepatic
progenitor cell derived tumours and show histological diversity with hepatocytic and
cholangiocytic differentiation (20,21). Possibly these two features belong both in one
group, the mixed tumours with HPC characteristics.
Primary epithelial liver tumours in dogs and cats are less common compared to
humans and represent 0.6% ‐1.5% of all tumours in dogs and 1.0‐2.9% of all tumours
in cats (22,23). Affected animals are mostly older animals. Except for
cholangiocellular carcinomas associated with chronic cholangitis due to liver fluke
infection in cats (24), in dogs and cats no predisposing factors have been recognised
and in most cases no additional liver pathology is present. Primary epithelial hepatic
tumours in dogs and cats were until now classified only based on the histological
aspects of the tumours, not taking into account K19 positive cells, or HPCs. The
different tumours recognised in dogs and cats were (25): 1. Hepatocellular neoplasia
comprising nodular hyperplasia, hepatocellular adenoma and hepatocellular
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carcinoma, 2. Cholangiocellular neoplasia comprising cholangiocellular adenoma and
cholangiocellular carcinoma, 3. Mixed hepatocellular and cholangiocellular
carcinoma, 4. Hepatic carcinoids and hepatoblastoma.
In view of similarities in cell biological mechanisms involved in regeneration and
tumour development between human liver tumours and liver tumours in small
domestic animals, it is conceivable that the experiences found in human hepatic
tumour pathology may also be true for the canine or feline liver tumours (26).
Therefore, we investigated whether the new insights in the classification of primary
epithelial liver tumours in man, could be applied for the characterisation of primary
epithelial liver tumours in dogs and cats, and thus whether the new classification
system described for the human hepatic tumours can be translated and integrated
into veterinary pathology.
In this perspective Chapter 2 presents an overview of the literature regarding the
presence and significance of hepatic progenitor cells in regeneration after liver injury,
their recognition and prognostic significance in human primary epithelial liver
tumours and, hence, the new human classification of primary liver tumours and their
description. In addition it presents the current knowledge on histological and
immunohistochemical markers used in the classification of the various primary
epithelial liver tumours and their use for functional characterisation of these
tumours. Finally, it summarizes the current state of primary epithelial liver tumours
in dogs and cats.
In Chapter 3, the presence of progenitor (K19, K7), hepatocyte (HepPar‐1) and
malignancy (GPC‐3) markers in canine hepatocellular tumours was evaluated
immunohistochemically. This was related to a histological grading and staging score
(including local and distant metastasis) and compared to the human situation. The
occurrence of K19 positive (>5% of the tumour cells) hepatocellular tumours in the
dog was 12%, which resembles the prevalence of 17% in humans (14). The K19
positive subset was histologically poorly differentiated and showed intrahepatic and
extrahepatic metastases. The expression of K19 correlated with the expression of the
malignancy marker GPC‐3 and the disappearance of the hepatocyte marker HepPar‐
1. These findings suggest that K19, GPC‐3 and HepPar‐1 are clinicopathological and
prognostic markers in the histopathological diagnosis of hepatocellular tumours in
dogs (26). The results in this study indicated a high similarity in histology, marker
expression, and prevalence of K19 positive hepatocellular tumours between man and
dogs. This high similarity is remarkable because the hepatocellular tumours in dogs
are substantially less common than in man, no predisposing factors for the
development of liver tumours have been recognized in dogs and in almost all canine
cases additional liver pathology is absent. This indicates that despite these
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differences the development of hepatocellular tumours in man and dog and the basic
reaction pattern of the liver are essentially the same.
With the knowledge that in dogs tumours with HPC characteristics exist, and are
comparable with their human counterparts, the second part of this thesis was
focused on the examination, differentiation and classification of primary epithelial
liver tumours in dogs and cats (Chapter 4,5).
In Chapter 4 the occurrence and relative frequency of various morphological types of
primary epithelial hepatic neoplasms in dogs is described whereby was determined
whether the classification similar to the human scheme (13,20) could be applied to
the canine hepatic neoplasms. In this retrospective study 106 canine primary liver
tumours were classified into morphologically well‐defined groups. This classification
was based on histopathological and immunohistochemical examination using
immunohistochemical stains for markers representative of hepatocytic (HepPar‐1,
CD10) and cholangiocytic lineages (K19, EMA/MUC‐1), hepatic progenitor cell origin
(K19) and neuroendocrine origin (Neuron specific enolase (NSE), Chromogranin‐A
(Cg‐A). Hepatocellular tumours were with 77% the most common primary liver
tumours in dogs. As in humans, hepatocellular tumours in dogs could be divided in
three subgroups, each with specific morphological and immunohistochemical
characteristics. Canine tumours which were completely or almost completely K19
negative were most likely derived from mature hepatocytes and well circumscribed,
with low grade of cellular pleomorphism, and no evidence of infiltrative growth or
metastases. In contrast, K19 positive canine tumours exhibited characteristics of HPC
without further differentiation towards cholangiocytic or hepatocytic lineages. These
tumours had a high grade of cellular pleomorphism and exhibited infiltrative growth,
vascular invasion and intrahepatic and/or extra‐hepatic metastases. The third group
showed an intermediate position with respect to histomorphology and
immunohistochemistry. These tumours had characteristics of well‐differentiated
hepatocellular tumours, but also showed multifocal stromal proliferation and
formation of ductular structures. In one tumour infiltrative growth suggested
malignant transformation of the K19 positive structures. A similar entity has been
described in human as scirrhous hepatocellular carcinoma, in which the stromal
proliferation possibly drives K19 positive ductular differentiation (27). In our study a
relatively low frequency (9%) of cholangiocellular tumours was seen, probably
because dogs have a low incidence of chronic biliary disease (24). Despite this low
prevalence, also the cholangiocellular tumours in dogs could be divided in three
subgroups comparable with the human situation: the cholangiocellular adenomas
and carcinomas and the so called cholangiolocarcinomas. The latter showed a
different morphology and immunohistochemical pattern in comparison with the
cholangiocellular carcinomas with tubular structures (K19, EMA/MUC‐1 and CD10
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positive) and solid hepatocyte‐like areas (K19 positive and HepPar‐1, EMA/MUC‐1
and CD10 negative). This is suggestive of bidirectional differentiation of HPC to
hepatocytes and cholangiocytes (20). But obviously, to determine the cell of origin of
tumours in the liver a dynamic (experimental) situation is necessary.
The primary hepatic neuroendocrine carcinomas identified in this study had a similar
histological appearance to those described in the literature (28) and are probably
derived from pre‐existing neuroendocrine cells in the biliary epithelium.
Neuroendocrine carcinomas are rare in dogs and all showed intrahepatic metastases.
Based on the detailed interpretation of canine liver tumours, we were able to
propose a new classification scheme of primary liver tumours in the dog in
accordance with the most recent classification scheme of primary hepatic neoplasms
in humans. This standardized classification of the primary hepatic neoplasms in the
dog will be highly beneficial as a guideline for the assessment of therapeutic
interventions.
In Chapter 5 the occurrence and relative frequency of various morphological types of
primary epithelial hepatic neoplasms in the cat is described. In this retrospective
study 61 feline primary epithelial liver tumours were classified into morphologically
well‐defined groups on the basis of histopathological and immunohistochemical
examination. Immunohistochemical stains for markers representative of hepatocytic
HepPar‐1, multidrug resistance‐associated protein 2 (MRP2), polyclonal
carcinoembryonic antigen (pCEA) and cholangiocytic lineages (K19), hepatic
progenitor cell origin (K19) and neuroendocrine origin (NSE, Cg‐A) were used. In cats
the relative frequency of the various primary hepatic tumours was quite different
compared to dogs. In cats cholangiocellular tumours were more frequent than
hepatocellular tumours. This might be associated with the high prevalence of
cholangitis (42,43,44,45) and cystic disease of the liver in cats (29), whereas both are
infrequently observed in dogs (24,30). The feline hepatocellular tumours could be
subdivided into well‐differentiated hepatocellular adenomas and poorly
differentiated hepatocellular carcinomas with marked cellular and nuclear
pleomorphism including many multinucleated tumour cells and mitoses. These feline
hepatocellular carcinomas did not show HPC characteristics as observed in dog and
man as they maintained their hepatocellular characteristics. This was confirmed with
the hepatocellular markers which were found diffusely throughout the tumour
(HepPar‐1 cytoplasmic staining and MRP2 and pCEA canalicular staining). In addition,
the tumours were negative for K19, or showed only a few K19 positive cells. Besides
the hepatocellular and cholangiocellular tumours, a third group of small cell
carcinomas positive for NSE and/or CgA was recognized. These tumours were
organized in a trabecular and/or rosette pattern and showed positive staining for
neuroendocrine markers, similar to the neuroendocrine hepatobiliary tumours or
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carcinoids reported by Patnaik et al. (28). They could be subdivided into K19 negative
small cell carcinomas, which probably represent true neuroendocrine carcinomas
originating from neuroendocrine cells in the epithelium of the intrahepatic or
extrahepatic bile duct (28), and in K19 positive small cell carcinomas. The latter are
likely to be derived from hepatic progenitor cells because they showed
morphological similarity to non‐neoplastic HPCs and also stained for K19 and NSE
similar to the reactive proliferation of HPCs in a cat with fulminant hepatitis and
submassive hepatocytic necrosis. Several human studies have shown that the human
hepatic progenitor cell compartment displays neuroendocrine features such as
chromogranin‐A (Cg‐A). In addition to progenitor cells, intermediate hepatocytes also
express diffuse cytoplasmic positivity for Cg‐A and K7 and K19 (16,31). In the study of
Roskams et al. they showed that reactive bile ductules, but not portal bile ducts of all
sizes, stained positive for Cg‐A (31). Together with the hypothesis that the feline K19
positive small cell carcinomas with HPC characteristics have their origin in the HPCs
we suggest that these tumours are comparable with the K19 positive hepatocellular
carcinomas in the dog. The feline K19 positive small cell carcinomas with HPC
characteristics also showed more than 75% positivity for the malignancy marker GPC‐
3 (data not shown in this thesis), which is comparable with the K19 positive canine
hepatocellular carcinomas. In the literature a neoplasm in a 8‐year old cat with
positivity for K7 is described as a hepatoblastoma (32). In man hepatoblastomas
occur mostly in children younger than 3 years old (33) and they are histologically
different from this feline tumour. Most likely, the tumour in the cat described in the
literature as hepatoblastoma can be considered as a K19 positive small cell
carcinoma.
Although overlapping features exist between human, canine and feline neoplasms,
there are also marked morphological and immunohistochemical differences between
the epithelial neoplasms of these species. The differences between canine and feline
primary hepatic neoplasms justifies a separate classification scheme for the epithelial
hepatic neoplasms in both species.
In Chapter 6 we present a new up‐dated morphological classification of neoplastic
disorders of the canine and feline liver. Based on our findings presented in chapters
3, 4 and 5 the neoplastic disorders of the liver in dogs and cats can from now be
classified as:
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1.

2.

3.
4.
5.
6.
7.

Primary epithelial hepatic neoplasia in the dog
a.
Hepatocellular adenoma
b.
Hepatocellular carcinoma
c.
Scirrhous hepatocellular tumour
d.
Cholangiocellular adenoma
e.
Cholangiocellular carcinoma
f.
Cholangiolocarcinoma
g.
Neuroendocrine carcinoma
Primary epithelial hepatic neoplasia in the cat
a.
Hepatocellular adenoma
b.
Hepatocellular carcinoma
c.
Cholangiocellular adenoma
d.
Cholangiocellular carcinoma
e.
Small cell carcinoma
i.
Neuroendocrine carcinoma
ii.
Small cell carcinoma with HPC characteristics
Mixed hepatocellular and cholangiocellular carcinoma
Hepatoblastoma
Primary hepatic vascular and mesenchymal neoplasia
Hematopoietic neoplasia
Metastatic neoplasia

While K19 positivity of hepatocellular tumours in man and dog is clearly associated
with a poor prognosis, this relationship is not yet described in cats. For man and dog
it remains unclear why K19 positive tumours are more aggressive compared to K19
negative hepatocellular tumours. It is unclear whether the presence of K19 is a
mediator or just an epiphenomenon of a more aggressive phenotype. Some authors
suggest K19 provides tumour cells with a higher metastatic potential by promoting
extracellular matrix degradation and/or cell mobility (18,34). The canine and human
hepatocellular tumours which do not express K19 show a benign or at least less
malignant character. We cannot exclude that in progression of the disease K19
negative tumours will express K19 as time progresses and hence conceive malignant
characteristics.
To better understand the aggressive behaviour of K19 positive hepatocellular
tumours, the cellular characteristics of the K19 positive canine hepatocellular
carcinomas were studied and compared with K19 negative hepatocellular adenomas
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(Chapter 7). In this study K19 positive and K19 negative tumours were
immunohistochemically stained and compared for the presence of proteins known to
be crucial in tumour development with regard to angiogenesis, invasion, proliferation
and increased survival. The markers Platelet‐derived growth factor receptor alpha
polypeptide (PDGFRα), CD29 (Integrin β1), Laminin, B‐cell specific moleney murine
leukemia virus integration site 1 (Bmi‐1) and Glypican‐3 (GPC‐3) were highly
expressed in K19 positive canine hepatocellular carcinomas and negative or slightly
positive in the K19 negative canine hepatocellular adenomas. PDGFRα plays an
important role in angiogenesis and proliferation (35). It is also associated with earlier
post‐operative recurrence (35,36) and development of metastasis in hepatocellular
carcinomas in man (36). The overexpression of PDGFRα in canine hepatocellular
carcinomas with a more aggressive behaviour, corresponds with the malignant role
described for PDGFRα in human hepatocellular carcinomas. The overexpression of
laminin as well as CD29 in canine hepatocellular carcinomas, comparable with the
situation in human hepatocellular carcinomas (37), is highly suggestive of association
with tumour invasion and metastases and may be an important feature in the
malignant transformation of these tumours. The overexpression of Bmi‐1 in the
canine hepatocellular carcinomas corresponds with the malignant character
described for Bmi‐1 positive human hepatocellular carcinomas (38,39) and their
correlation with advanced invasive stage of tumour progression and poor prognosis
(39). The overexpression of GPC‐3 is also in accordance with the human literature
where GPC‐3 is known as a malignancy marker for hepatocellular carcinomas and the
transition from small premalignant lesions to hepatocellular carcinomas is associated
with a sharp increase of GPC‐3 expression (40,41,42,43). The fact that these K19
positive hepatocellular carcinomas are positive for markers crucial in angiogenesis,
proliferation, invasion and metastases may give a better understanding about the
malignant characteristics of the K19 positive canine hepatocellular carcinomas.
The malignancy markers PDGFRα and GPC‐3 in canine hepatocellular carcinomas may
provide promising tools for diagnostic and/or therapeutic practice and fundamental
research in the field of veterinary oncology, since in man these two markers are
promising diagnostic and therapeutic targets.
In man GPC‐3 can be found in the serum of HCC patients and is absent in normal
serum (44). It has been proposed as a serum marker to aid in the (early) detection of
hepatocellular tumours, and to determine the progression of the disease (45). GPC‐3
is expressed by malignant liver cells but not by normal or cirrhotic liver, which
suggests that novel therapeutic approaches for HCC can be generated by targeting
this protein (46). An example of targeting GPC‐3 in HCC is the use of anti‐GPC‐3
(GC33). GC33 significantly inhibits the growth of GPC‐3 positive human HCC
xenografts in SCID mice. GPC‐3 negative xenografts were not affected by this
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treatment. Preclinical pharmacologic assessments have shown that GC33 elicits
antibody‐dependent cellular cytotoxicity through human peripheral blood
mononuclear cells against GPC‐3 expressing human HCC cell lines in vitro. A clinical
trial with human HCC patients was performed to evaluate the usefulness of GC33 in
patients with advanced HCC. Preliminary evidence for a potential antitumour activity
was observed in patients with high expression of the target protein GPC‐3 in their
tumours (47,48). Other reported possibilities to approach GPC‐3 which are described
are a GPC‐3 peptide vaccine which induces peptide‐reactive cytotoxic T lymphocytes
(CTLs) in HLA‐A2.1 transgenic mice without producing autoimmunity. Inoculation of
these CTLs significantly inhibits the growth of human HCC xenografts in NOD/SCID
mice (49). Based on these results a vaccine has been composed and tested on human
HCC patients. The vaccine triggered a measurable immune response in most of the
patients and there was a positive correlation between the levels of immune response
and overall survival (50,51). For targeting GPC‐3 by immunotherapeutic approaches,
investigators have tried to inhibit HCC growth by blocking GPC‐3 function (51). They
have shown that a mutant GPC‐3 that cannot be attached to the cell membrane, and
is therefore secreted to the extracellular environment, could remove Wnt from the
cell surface and reduce its binding to Frizzled. Since Wnt/Frizzled signalling leads to
enhance proliferation, herewith HCC growth was inhibited. This mutant GPC‐3 also
inhibits the in vitro and in vivo growth of several HCC cell lines (51). In our study the
canine K19 positive hepatocellular tumours showed a strong positivity for GPC‐3 in
contrast with the negative staining for GPC‐3 in the K19 negative hepatocellular
tumours (26). It is likely that GPC‐3 in the canine hepatocellular tumours has the
same function as in the human HCC. Further research is needed to discover/confirm
the usefulness of the marker GPC‐3 as a blood serum marker for the detection of
canine hepatocellular carcinoma and as a possible treatment method for canine HCC.
In man GPC‐3 is not only expressed in hepatocellular carcinomas but also in some
other human cancers (16,29) whereby the advances made in the usefulness of GPC‐3
as diagnostic and therapeutic tool can also be translated to other tumour types.
The marker PDGFRα, a receptor tyrosine kinase, also has a high potential for the
development of novel treatment strategies. In both human and veterinary patients,
tyrosine kinases are often abnormally activated in malignant tumours. This may occur
through mutation, overexpression, the generation of fusion proteins from
chromosomal translocation, or autocrine loops of activation through co‐expression of
growth factor and receptor (52,53). The consequence of this dysregulation is
persistent cell signalling, even in the absence of appropriate regulation/growth factor
stimulation, thereby inducing uncontrolled cell proliferation and survival (52,53). The
most successful approach has been the use of a class of drugs termed “small
molecule tyrosine kinase inhibitors” (TKIs). These TKIs block the ATP‐binding site of
kinases, essentially acting as competitive inhibitors that may be reversible or
irreversible (54,55,56). Probably the most successful small molecule kinase inhibitor
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developed to date is Gleevec®R (imatinib), a tyrosine kinase inhibitor specific for
PDGF‐Rs (including PDGFRα), c‐ΚΙΤ and BCR‐ABL (57,58,59,60). Although tyrosine
kinase dysfunction has been extensively studied in human oncology, it is far less well
characterised in veterinary oncology. In some tumours in dogs presence of kinase
dysfunction has been identified, including canine mast cell tumours in which the
presence of c‐KIT mutations has been found, associated with uncontrolled signalling
(61,62). Tyrosine kinase dysfunction has not been well investigated in feline cancers.
Vaccine‐associated sarcoma (VAS) cell lines were shown to express PDGFRβ and
studies supported the notion that PDGFR may promote the growth and survival of
VAS in vivo and thus be an appropriate target for therapeutic intervention with
targeted approaches (63). In cats also mutations in c‐KIT have been identified in
feline mast cell tumours (64), which makes the kinase inhibitors also a relevant
therapy in feline mast cell diseases. The list of human cancer types in which PDGF
receptor mutations have been reported is rapidly expanding (57). Targeted therapy
in the form of selective tyrosine kinase inhibitors, like imatinib, has transformed the
approach to management of various human cancers and represents a therapeutic
breakthrough. In veterinary medicine, Gleevec® has been used to treat cancers
including mast cell tumours and sarcomas in dogs and cats (63,65,66,67). Also other
tyrosine kinase inhibitors are registered for dogs with mast cell tumours
(86,69,70,71).
The fact that PDGFRα is expressed in the canine hepatocellular carcinomas indicates
on one hand the malignancy of these tumours and on the other hand creates a
possible treatment option for canine hepatocellular tumours with the tyrosine kinase
inhibitor imatinib. For this purpose we performed an in vitro study on the effect of
the drug imatinib on PDGFRα positive human (HepRG ) and canine (BDE) hepatic cell
lines. These cell lines both represent the malignant counterpart of progenitor cells
(72,73). Both cell lines seemed to respond to imatinib. The finding that the PDGFRα
positive neoplastic cells in vitro seemed to respond to the tyrosine kinase inhibitor,
together with the successful therapeutic use in human medicine and some tumours
in the veterinary field indicates that imatinib can be a possible treatment option for
at least a part of the primary epithelial liver tumours in dogs and possibly cats. A
restriction for future therapy with imatinib for primary liver tumours in dogs has to
be made as the use of imatinib in dogs has in some cases resulted in elevation of ALT
and ALP, which indicates that imatinib can induce hepatotoxicity (53). Further
research is needed to explore the efficacy of imatinib in canine hepatocellular
tumours in vivo whereby the impact of possible side effects like hepatotoxicity has to
be taken into account. It is for sure that new research on curative therapies for
primary liver tumours in small domestic animals are required and can definitely
improve patient survival and disease outcome in the future.
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Lately, a 3D‐culture system of liver HPCs with genetically‐stable, long term (>1 year)
expansion potential was developed, termed liver organoids. These organoids can be
cultured from biliary duct fragments from murine, human, dog and cat normal
and/or diseased livers and can differentiate towards hepatocytes and cholangiocytes
in vitro whereby they give rise to morphological and functional hepatocellular
characteristics (74,75,76,77). The differentiation towards hepatocyte‐like cells was
forced by inhibition of Notch and/or Wnt signaling, as shown by Nantasanti et al. (76)
who demonstrated that Wnt is important for proliferation of canine hepatic
organoids and for the maintenance of long‐term stability, while the inhibition of Wnt
enhanced differentiation. The HPCs for organoid culture can be isolated from
patients using tru‐cut biopsies or fine needle aspiration and can be cryopreserved
(76). This low invasive way of obtaining stem cells from both human and animal
patients, and the possibility to culture these cells indefinitely may provide an
invaluable tool to the liver cancer field, to unravel molecular mechanisms of cancer
development and design novel (personalized) treatment strategies. With the
establishment of a novel, tailored classification system of canine and feline liver
cancers, and the level of individual care for companion animals that approaches the
human clinical care level, there is great potential in veterinary medicine for the
design of new regenerative treatment strategies. The very recent establishment of
canine (77) and feline organoids (77) in the faculty of veterinary medicine in Utrecht
brings the development of new personalized strategies a step closer. In human, the
ability to use organoids in the design of individual therapies for cancer was already
shown (78). The possibility to culture organoids from a canine or feline hepatocellular
tumour together with the normal liver tissue from the same patient gives the
possibility to identify mutations and altered signalling pathway and can be the basis
for the design of personalized therapies, like specific anti‐cancer drugs, like imatinib
(Gleevec®) and anti‐GPC‐3, in dogs and cats. It is conceivable that the culture of
organoids from a canine or feline hepatocellular tumour will provide an invaluable
tool to further define the functional mechanisms of hepatocellular tumours, screen
efficiency of existing drugs, and design novel (personalized) treatment strategies for
these, so far not curable, tumours in dogs and cats. Finally this system may aid to
define the origin of the primary liver tumours in dogs and cats.
In conclusion, canine hepatocellular tumours with HPC characteristics are
comparable with the K19 positive hepatocellular tumours in man, both with respect
to morphology and prognosis. In the dog a higher incidence of hepatocellular
tumours compared to cholangiocellular tumours was found and the canine primary
liver tumours could be classified according to the most recent classification scheme
of primary liver tumours in man. In the cat a higher incidence of cholangiocellular
carcinomas was found compared to hepatocellular tumours. In contrast to the dog,
feline hepatocellular carcinomas showed no HPC characteristics but maintained their
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hepatocellular characteristics. Instead, within the small cell carcinomas a K19
negative group of true neuroendocrine carcinomas and a K19 positive group with
HPC characteristics were recognized. These differences between canine and feline
primary epithelial hepatic neoplasms required a tailored classification scheme for
both species. The new classification of primary liver tumours in dogs and cats
provides a basis for precise diagnosis that allows more patient specific treatment
modalities. In addition, immunohistochemical characterisation of the canine
hepatocellular tumours suggested functional mechanisms of malignant
transformation and may present possibilities for new diagnostic methods and future
personalized therapies.
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Reflections on the specific research aims and scope
 Is the occurrence and tumour behaviour of K19‐positive hepatocellular
neoplasia in dogs comparable with man (Chapter 3)?
Yes, the K19 positive canine hepatocellular neoplasia are highly
comparable in histology, marker expression and prevalence to their
human counterpart.
 Can the human liver neoplasia classification system be applied to canine
liver neoplasia (Chapter 4)?
Yes, the proposed new classification system in the dog is in accordance
with the most recent classification scheme of primary epithelial
neoplasms in humans.
 Can the human liver neoplasia classification system be applied to feline
liver neoplasia (Chapter 5)?
No, although overlapping features exist between feline and human
neoplasms, there are also marked differences, especially with regard to
the occurrence of HPC characteristics in the feline hepatocellular
tumours.
 What is a relevant classification system for canine and feline liver
neoplasias (Chapter 6)?
The differences between canine and feline primary epithelial hepatic
neoplasms require a tailored classification scheme for both species
based on the prevalence and origin of the several different primary
epithelial hepatic neoplasms; whereby these both schemes can provide
a basis for precise diagnosis that allows more patient specific
treatment modalities.
 Can immunohistochemical staining of the HPC‐niche explain the
difference in malignant behaviour of K19‐positive versus K19‐negative
canine liver tumours (Chapter7)?
Differential expression of K19 in combination with the expression of
PDGFRα, Laminin, CD29, Bmi‐1 and GPC‐3 can explain the malignant
behaviour of the K19 positive canine liver tumours.
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Achtergrond
De lever is een belangrijk en veelzijdig orgaan wat een belangrijke rol speelt in de
stofwisseling en het ontgiften van het lichaam. Daarbij is de lever verantwoordelijk
voor verschillende functies zoals onder andere de productie van stollingsfactoren en
de koolhydraat ‐ , eiwit ‐ en vetstofwisseling. De lever bestaat uit verschillende
soorten cellen waaronder hepatocyten (70% van de cellen uit de lever). De
hepatocyten zijn verantwoordelijk voor o.a. ontgiften, het produceren van
stollingsfactoren en het vetmetabolisme. Naast de hepatocyten bevat de lever ook
galwegcellen (5%), ook wel cholangiocyten genoemd, welke de galwegen vormen. De
lever bevat ook nog verschillende soorten andere cellen (25%) waaronder kupffer
cellen (welke een rol spelen in ontstekingsprocessen), stellaatcellen (onder andere
verantwoordelijk voor de bloeddruk in de lever) en de lever progenitor cellen (LPCs)
die een reserve compartiment vormen.
Hepatocyten en cholangiocyten in de lever bezitten de capaciteit om in het geval van
leverschade de lever weer voor een groot deel te kunnen herstellen door proliferatie
(vermeerdering). Hepatocyten liggen normaal rustig te wachten, maar wanneer er
sprake is van leverschade gaan ze zich delen en op deze manier vermeerderen om
het leverweefsel en daarmee ook leverfunctie te kunnen herstellen. Dit is een zeer
efficiënt en goed georganiseerd proces wat de lever uniek maakt. Echter, wanneer de
lever te erg beschadigd is of er sprake is van een langdurige leverschade kan het zijn
dat het herstellend vermogen van de hepatocyten tekort schiet of zelfs helemaal niet
optreedt. Wanneer dit het geval is wordt de hulp ingeroepen van de weefsel
specifieke stamcellen, ofwel lever progenitor cellen (LPCs). LPCs worden gezien als
een reserve compartiment van de lever en kunnen na leverschade vermeerderen
(prolifereren) en omzetten (differentiëren) naar hepatocyten en cholangiocyten,
afhankelijk van het celtype dat op dat moment nodig is. Het vermogen om vanuit een
LPC verder te kunnen differentiëren naar een hepatocyt en/of cholangiocyt in plaats
van een nieuwe LPC te worden bepaalt dat LPCs onder de stamcellen vallen. De
proliferatie van LPCs wordt gekenmerkt door een verhoogd aantal LPCs en daarbij
ook voorlopercellen van hepatocyten, ook wel intermediaire hepatocyten genoemd,
in en rondom het portaalgebied in de lever. Deze proliferatie van LPCs wordt een
ductulaire reactie genoemd, welke al na 24 uur na leverschade zichtbaar kan zijn.
Vanuit deze ductulaire reactie kunnen vervolgens volwassen hepatocyten en
cholangiocyten ontstaan waardoor het beschadigde leverweefsel kan worden
hersteld.
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Omdat de lever gedurende een leven regelmatig blootgesteld wordt aan gifstoffen is
het niet gek dat er tumoren kunnen ontstaan in de lever wat leverkanker wordt
genoemd. Levertumoren kunnen ontstaan uit een cel uit de lever zelf zoals een
hepatocyt, cholangiocyt of een LPC; dit soort tumoren noemen we primaire
levertumoren. Echter, het is ook mogelijk dat er in de lever een tumor ontstaat die
afkomstig is van een tumor ergens anders in het lichaam die is uitgezaaid naar de
lever; dit soort tumoren noemen we metastasen (uitzaaiingen) in de lever. In dit
proefschrift gaat het om de primaire levertumoren en er zal regelmatig gesproken
worden over adenomen en carcinomen. Adenomen zijn goedaardige tumoren en
carcinomen zijn kwaadaardige tumoren.
Om te weten te komen wat voor primaire levertumor een patiënt heeft kan een klein
stukje weefsel van de levertumor afgenomen worden. Hierna wordt dit stukje
weefsel in plakjes gesneden en met behulp van een microscoop wordt gekeken hoe
het weefsel is opgebouwd (de morfologie en histologie). Echter, vaak is dit niet
genoeg om een levertumor goed te kunnen identificeren. Om meer gedetailleerd te
kunnen zeggen wat voor een soort tumorcellen zich in de lever bevinden kunnen we
gebruik maken van immuunhistochemie waarmee het mogelijk wordt om met behulp
van cel specifieke merkers tumoren aan te kleuren om zo de tumor beter te kunnen
identificeren. Zo kleurt een hepatocyt positief aan met onder andere de merkers
keratine (K)8 en K18 en een cholangiocyt of LPC kleurt positief met K19. Wanneer
een tumor vooral bestaat uit hepatocyten is te verwachten dat de merker K19 niet
positief zal aankleuren maar juist de merkers K8 en K18, in tegenstelling tot wanneer
een tumor voor een groot deel bestaat uit LPCs waarbij juist de merker K19
cytoplasmatisch zal aankleuren en K8 en K18 negatief zullen zijn.
Bij de mens komen primaire levertumoren regelmatig voor en het levercelcarcinoom,
ook wel hepatocellulair carcinoom (HCC) genoemd, is de vijfde belangrijkste
doodsoorzaak wereldwijd. Levertumoren bij de mens worden op verschillende
leeftijden gezien bij zowel mannen als vrouwen waarbij afhankelijk van de soort
tumor een hogere incidentie kan worden gezien bij vrouwen of mannen. Bij de hond
en kat komen levertumoren veel minder vaak voor en vertegenwoordigen 0.6% tot
1.5% van alle tumoren die voorkomen bij de hond en 1.0 tot 2.9% van alle tumoren
die voorkomen bij de kat. De honden en katten die worden gediagnosticeerd met
een levertumor zijn vrijwel altijd oudere dieren en de levertumoren worden niet
vaker gezien bij mannelijke of vrouwelijke dieren.
Bij de mens ontstaan hepatocellulaire tumoren vaak in combinatie met levercirrose
(eindstadium van leverziekte waarbij veel leverweefsel is vervangen door
littekenweefsel) wat dikwijls wordt veroorzaakt door belangrijke risicofactoren zoals
hepatitis B en C infecties (ontsteking van de lever), alcoholmisbruik en gifstoffen uit
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besmette voedingsstoffen . Met uitzondering van de cholangiocellulaire carcinomen
bij de kat welke regelmatig worden gezien in combinatie met chronische ontsteking
van de galwegen, zijn er bij de hond en kat geen risicofactoren bekend en in de
meeste gevallen worden bij de hond en kat naast de levertumor ook geen andere
afwijkingen, zoals cirrose, van de lever gezien.
Verschillende studies bij de mens hebben aangetoond dat een aanzienlijk gedeelte
van de humane hepatocellulaire carcinomen in meer of mindere mate K19 positief
aankleuren. Deze tumoren worden hepatocellulaire carcinomen met LPC kenmerken
genoemd. Deze tumoren blijken heel moeilijk te behandelen te zijn omdat ze na het
chirurgisch verwijderen van de tumor en zelfs na een levertransplantatie heel snel
weer terug komen en de patiënten met deze K19 positieve levertumoren hebben ook
een gemiddeld veel kortere overlevingstijd vergeleken met patiënten die lijden aan
een hepatocellulair carcinoom welke K19 negatief is. De prognose of vooruitzicht van
de patiënt wordt al negatief beïnvloed wanneer meer dan 5% van alle cellen in de
levertumor K19 positief is.
De LPC karakteristieken in een levertumor is nog steeds een punt van discussie en
kan op twee manieren worden verklaard. Allereerst, ”de maturatie stop theorie”
waarbij LPCs prolifereren (vermeerderen) en tijdens deze proliferatie kwaadaardig
ontaarden en zich daarom niet meer verder differentiëren naar een hepatocyt of
cholangiocyt waardoor een tumor ontstaat met LPC karakteristieken. Een tweede
theorie is “de dedifferentiatie theorie”, waarbij de LPC kenmerken en daarmee de
K19 positiviteit wordt verkregen omdat de tumoreuze levercellen terug omvormen
naar het stam cel stadium van een LPC.
De aanwezigheid van LPC kenmerken in de humane hepatocellulaire carcinomen en
de invloed van K19 op de prognose in deze tumoren heeft ertoe geleid dat er bij
mensen een geheel nieuwe indeling is gemaakt voor primaire lever tumoren. In deze
classificatie worden de humane hepatocellulaire tumoren opgedeeld in
hepatocellulaire adenomen, hepatocellulaire carcinomen welke weer kunnen worden
opgedeeld in carcinomen die negatief of minder dan 5% positief zijn voor K19 en
carcinomen die meer dan 5% positief zijn voor K19. De cholangiocellulaire tumoren
worden ingedeeld in cholangiocellulaire adenomen, cholangiocellulaire carcinomen,
cholangiolocarcinomen en de gemengde tumoren die zowel hepatocellulaire als
cholangiocellulaire gebieden bevatten.
Primaire levertumoren bij de hond en kat werden tot nu toe als volgt ingedeeld: 1.
Hepatocellulaire tumoren bestaande uit nodulaire hyperplasiën (goedaardige niet‐
tumoreuze woekeringen van hepatocyten), hepatocellulaire adenomen en
hepatocellulaire carcinomen, 2. Cholangiocellulaire tumoren bestaande uit
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cholangiocellulaire adenomen en cholangiocellulaire carcinomen, 3. Gemengde
hepatocellulaire en cholangiocellulaire carcinomen, 4. Hepatische carcinoïden (kleine
en langzaam groeiende kwaadaardige tumoren) en hepatoblastoom (kwaadaardige
levertumor op de jonge leeftijd).
Met het oog op de overeenkomsten in cel biologische mechanismen en tumor
ontwikkeling tussen mens en dier is het aannemelijk dat er ook overeenkomsten zijn
tussen mens en hond of kat wat betreft de levertumoren. Het doel van dit
proefschrift is om te onderzoeken of de situatie beschreven voor de primaire
levertumoren bij de mens ook geldt voor de primaire levertumoren bij hond en kat.

Keratine 19 expressie in primaire hepatocellulaire levertumoren bij de
hond in vergelijking met de mens.
De indeling van de primaire levertumoren bij hond en kat was tot op heden vooral
gebaseerd op de histologische/morfologische aspecten van de tumor. De oorsprong
van de verschillende soorten levertumoren en de aanwezigheid van verschillende
soorten merkers in levercel tumoren bij hond en kat is nooit goed beschreven. In dit
project hebben we daarom met behulp van immuunhistochemie onderzocht of de
LPC merkers (K19 en K7), de hepatocyt merker HepPar‐1 en de maligniteit
(kwaadaardigheid) merker Glypican‐3 (GPC‐3) voorkomen in levertumoren bij de
hond en de resultaten hiervan vergeleken met de situatie zoals beschreven voor de
mens (hoofdstuk 3). De resultaten laten zien dat positiviteit van de LPC merker K19
(in meer dan 5% van de tumorcellen) ook voorkomt in primaire levertumoren van de
hond. Deze K19 positieve levertumoren bij de hond omvatte 12% van alle
hepatocellulaire tumoren van de hond, wat overeenkomt met de prevalentie van
17% zoals beschreven bij de mens. De K19 positieve hepatocellulaire carcinomen bij
de hond waren slecht gedifferentieerd (teken van kwaadaardigheid) en waren
allemaal uitgezaaid zowel in de lever zelf als naar andere organen. De tumoren die
positief waren voor K19 in meer dan 5% van de tumor cellen waren ook heel sterk
positief voor de maligniteit marker GPC‐3 in tegenstelling tot de tumoren die K19
negatief waren. Daarbij was te zien dat de K19 positieve tumoren veel minder sterk
of zelfs helemaal niet meer positief waren voor de levercel maker HepPar‐1, wat
betekent dat deze tumorcellen geen levercel karakteristieken meer laten zien, maar
juist LPC kenmerken. Deze bevindingen suggereren dat K19, GPC‐3 en HepPar‐1
samen goed bruikbare merkers zijn om een tumor klinisch, pathologisch en
prognostisch te kunnen karakteriseren waardoor het gemakkelijker wordt om een
goede diagnose te kunnen stellen. De resultaten in deze studie laten grote
overeenkomsten zien in histologie, merker expressie en de prevalentie van K19
positieve primaire hepatocellulaire tumoren tussen mens en hond waardoor nieuwe
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ontwikkelingen van levertumoren bij de mens in de toekomst mogelijk ook kunnen
worden toegepast bij de hond en vice versa.

Nieuwe classificatie van levertumoren bij hond en kat
De kennis dat K19 positieve hepatocellulaire tumoren voorkomen bij de hond en het
feit dat deze tumoren veel gelijkenis vertonen met de K19 positieve hepatocellulaire
tumoren bij de mens heeft geleid tot het tweede deel van deze thesis. In dit
onderdeel van de thesis zijn de verschillende levertumoren van hond en kat nader
gekarakteriseerd en vergeleken met hetgeen beschreven voor de mens. Voor de
studie van de levertumoren bij de hond (hoofdstuk 4) zijn 106 primaire levertumoren
van de hond morfologisch (het uiterlijk van de tumoren) en immunohistochemisch
(welke merkers kleuren positief) gekarakteriseerd. Voor de immuunhistochemie zijn
merkers gebruikt die representatief zijn voor hepatocellulaire origine (HepPar‐1,
CD10), cholangiocellulaire origine (K19, EMA/MUC‐1), LPC origine (K19) en neuro‐
endocriene origine (NSE, Cg‐A). De resultaten laten zien dat bij de hond de
hepatocellulaire tumoren met 77% van alle levertumoren het vaakst voorkomen. Net
als bij de mens, konden de hepatocellulaire tumoren worden ingedeeld in drie
subgroepen. De hepatocellulaire tumoren bij de hond die negatief of minder dan 5%
K19 positief waren, waren goedaardige tumoren zonder enig teken van
kwaadaardigheid zoals bijvoorbeeld uitzaaiingen. De K19 positieve tumoren die LPC
kenmerken lieten zien waren slecht gedifferentieerd en waren allemaal uitgezaaid
binnen de lever zelf, vaak via bloedvaten en lymfevaten maar ook naar andere
organen in het lichaam. De derde groep waren tumoren die wat betreft morfologie
en immuunhistochemie een beetje tussen de eerste en tweede groep inzaten. Deze
tumoren hadden deels kenmerken van goed gedifferentieerde hepatocellulaire
tumoren, maar daarbij waren ook gebieden zichtbaar met veel bindweefsel
proliferatie met daarin galwegstructuren waarbij soms ook infiltratieve groei
(uitzaaiing in lever zelf) te zien was. Een zelfde tumor is bij de mens ook beschreven
en wordt een scirrheus hepatocellulair carcinoom genoemd.
In deze studie werd een relatief lage frequentie (slechts 9%) van cholangiocellulaire
tumoren gezien, mogelijk omdat chronische ziekten van de galwegen bij de hond
weinig voorkomen. Net als bij de mens kunnen de cholangiocellulaire tumoren bij de
hond worden ingedeeld in drie subgroepen; de cholangiocellulaire adenomen,
cholangiocellulaire carcinomen en de cholangiolocarcinomen.
Cholangiolocarcinomen zijn tumoren die nooit eerder bij de hond zijn beschreven.
Deze tumoren laten een heel andere morfologie en immuunhistochemisch patroon
zien in vergelijking met de cholangiocellulaire carcinomen waaronder ze
waarschijnlijk eerder werden geclassificeerd. De cholangiolocarcinomen bestaan uit
verschillende soorten gebieden waaronder tubulaire (buisachtige) galgang‐achtige
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gebieden en solide hepatocyt‐achtige gebieden. Het feit dat er binnen deze tumoren
gebieden met levercel kenmerken en gebieden met galwegcel kenmerken
voorkomen kan erop duiden dat er binnen deze tumoren LPC proliferatie is
opgetreden waarbij de cellen zowel naar hepatocyt ‐ als cholangiocyt richting zijn
gedifferentieerd binnen de tumor.
Naast de hepatocellulaire en cholangiocellulaire tumoren zijn er bij de hond ook
neuro‐endocriene tumoren (bestaande uit cellen die in staat zijn hormonen aan te
maken) gevonden. De primaire neuro‐endocriene carcinomen die gevonden zijn in
deze studie waren qua morfologie gelijk aan de neuro‐endocriene tumoren die al
eerder zijn beschreven bij de hond. Gezien de immuunhistochemische resultaten is
er een sterk vermoeden dat deze tumoren ontstaan vanuit neuro‐endocriene cellen
die voorkomen in het galwegepitheel. Deze neuro‐endocriene tumoren zijn erg
zeldzaam bij de hond en in deze studie lieten alle neuro‐endocriene tumoren ook
uitzaaiingen in de lever zien waardoor het kwaadaardige tumoren zijn.
De primaire levertumoren die in deze studie gevonden zijn bij de hond vertonen
zowel qua morfologie als immuunhistochemische resultaten zeer veel gelijkenis met
de primaire levertumoren bij de mens waardoor het humane classificatie systeem
kan worden gebruikt voor de hond. Dit nieuwe classificatie systeem voor de hond kan
vanaf nu worden gebruikt als basis voor diagnostiek en het ontwikkelen en
beoordelen van nieuwe therapieën voor primaire levertumoren bij zowel mens als
hond.
Voor de studie van de levertumoren bij de kat (hoofdstuk 5) zijn 61 primaire
levertumoren van de kat morfologisch (het uiterlijk van de tumoren) en
immunohistochemisch (welke merkers kleuren positief) gekarakteriseerd. Voor de
immuunhistochemie zijn merkers gebruikt die representatief zijn voor
hepatocellulaire origine (HepPar‐1, pCEA, MRP2) en cholangiocellulaire origine (K19),
LPC origine (K19) en neuro‐endocriene origine (NSE, Cg‐A). De resultaten laten zien
dat de frequentie van het voorkomen van de verschillende soorten levertumoren bij
de kat heel anders is dan bij de hond. Bij de kat waren de cholangiocellulaire
carcinomen met 41% de meest voorkomende levertumoren in tegenstelling tot de
hond waarbij de hepatocellulaire tumoren het vaakst voorkomen. Dit verschil tussen
hond en kat kan mogelijk worden verklaard met het feit dat bij de kat heel vaak
ontstekingen en cysten (met vocht gevulde blazen) van de galwegen voorkomen. De
hepatocellulaire tumoren (34%) konden bij de kat in twee subgroepen worden
ingedeeld namelijk de goed gedifferentieerde hepatocellulaire adenomen en de
slecht gedifferentieerde hepatocellulaire carcinomen. De hepatocellulaire tumoren
bij de kat lieten geen LPC kenmerken zien en waren dan ook K19 negatief en 100%
positief voor de levercel merkers. De cholangiocellulaire tumoren konden ook
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worden ingedeeld in twee subgroepen: cholangiocellulaire adenomen en
cholangiocellulaire carcinomen. Naast de hepatocellulaire en cholangiocellulaire
tumoren zijn bij de kat ook tumoren gevonden die in een aparte groep moeten
worden geclassificeerd, de kleincellige carcinomen. Deze tumoren lieten qua
morfologie kleine cellen zien die waren gerangschikt in een trabeculair (patroon
waarbij cellen in rijen liggen) en/of rozetten (bloemvormig motief) patroon en
immuunhistochemisch waren deze tumoren positief voor de neuro‐endocriene
merkers. Dit soort tumoren zijn in de literatuur beschreven als neuro‐endocriene
carcinomen, ook wel carcinoïden genoemd. Echter, een deel van deze tumoren
waren positief voor K19 waardoor deze neuro‐endocriene tumoren kunnen worden
ingedeeld in twee subgroepen; de K19 negatieve kleincellige carcinomen, welke
waarschijnlijk zijn ontstaan uit de neuro‐endocriene cellen in het epitheel van de
galwegen (echte neuro‐endocriene carcinomen/carcinoïden) en de K19 positieve
kleincellige carcinomen. De K19 positieve kleincellige carcinomen bestaan
waarschijnlijk uit LPCs aangezien ze qua morfologie en immuunhistochemie veel
gelijkenis vertonen met reactieve LPC proliferatie zoals gezien in de ductulaire reactie
bij katten met ernstige leverschade waarbij ook een positieve aankleuring voor de
merkers NSE en K19 kan worden gezien.
De primaire levertumoren die in deze studie gevonden zijn bij de kat laten
overeenkomsten zien met de hond en mens, maar er zijn ook grote verschillen. Deze
verschillen rechtvaardigen dan ook een apart classificatie systeem voor de primaire
levertumoren van de kat.
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Gebaseerd op de resultaten in deze studies kunnen de levertumoren van hond en
kat, welke in detail beschreven zijn in hoofdstuk 6, vanaf nu als volgt worden
geclassificeerd:
1.

2.

3.
4.
5.
6.
7.

Primaire levertumoren in de hond
a.
Hepatocellulair adenoom
b.
Hepatocellulair carcinoom
c.
Scirrheus hepatocellulaire tumor
d.
Cholangiocellulair adenoom
e.
Cholangiocellular carcinoom
f.
Cholangiolocarcinoom
g.
Neuro‐endocrien carcinoom
Primaire levertumoren in de kat
a.
Hepatocellulair adenoom
b.
Hepatocellulair carcinoom
c.
Cholangiocellulair adenoom
d.
Cholangiocellulair carcinoom
e.
Kleincellig carcinoom
i.
Neuro‐endocrien carcinoom
ii.
Kleincellig carcinoom met LPC karakteristieken
Gemengd hepatocellulair and cholangiocellulair carcinoom
Hepatoblastoom
Primaire vasculaire en mesenchymale tumoren
Hematopoietische tumoren
Gemetastaseerde tumoren

Cellulaire karakteristieken van K19 positieve hepatocellulaire tumoren
van de hond
Het is nu bekend dat er K19 positieve tumoren voorkomen bij de hond die qua
kwaadaardigheid veel gelijkenis vertonen met de K19 positieve tumoren zoals
beschreven bij de mens. Echter, het is nog niet duidelijk waarom deze K19 positieve
tumoren zo kwaadaardig zijn. Om het agressieve gedrag van de K19 positieve
hepatocellulaire tumoren bij de hond beter te kunnen verklaren is het derde deel van
deze thesis opgezet. Voor dit deel van de studie (hoofdstuk 7) is uit de 106
levertumoren welke gebruikt zijn voor de studie beschreven in hoofdstuk 3 een
selectie gemaakt van zes K19 negatieve hepatocellulaire tumoren en vijf K19
positieve hepatocellulaire tumoren van de hond. De geselecteerde tumoren zijn
immuunhistochemisch gekleurd waarbij merkers zijn gebruikt waarvan we weten dat
ze elk een eigen rol spelen bij het maligne (kwaadaardig) ontaarden van tumoren.
Voorbeelden van eigenschappen die een cel kan gebruiken om zich kwaadaardig te
kunnen ontaarden zijn bijvoorbeeld het kunnen vormen van bloedvaten
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(angiogenese), het kunnen binnendringen van andere weefsels (invasief vermogen),
het zich in een snel tempo kunnen vermeerderen (proliferatie) en het kunnen
overleven in minder goede omstandigheden zoals bijvoorbeeld onder invloed van
straling of chemotherapie. De resultaten in deze studie laten zien dat de K19
positieve hepatocellulaire carcinomen ook in hoge mate positief zijn voor meerdere
van de uitgekozen merkers, waaronder PDGFRα (o.a. angiogenese, proliferatie) ,
CD29 (o.a. invasief vermogen), laminine (o.a. invasief vermogen) , Bmi‐1 (o.a. invasief
vermogen, tumor progressie) en GPC‐3 (kwaadaardigheid) in tegenstelling tot de K19
negatieve hepatocellulaire adenomen. Het feit dat deze merkers positief zijn in de
K19 positieve hepatocellulaire carcinomen bevestigt opnieuw het zeer kwaadaardige
karakter van deze K19 positieve hepatocellulaire carcinomen en geeft een beter
inzicht in de mechanismen die verantwoordelijk zijn voor hun kwaadaardige karakter.
Het feit dat de merkers PDGFRα en GPC‐3 sterk positief zijn in de K19 positieve
hepatocellulaire carcinomen en niet in de K19 negatieve hepatocellulaire adenomen
is een veel belovende bevinding aangezien deze twee merkers bij de mens worden
gebruikt voor diagnostische (het stellen van de diagnose) en therapeutische (het
behandelen van de ziekte) doeleinden. In de diergeneeskunde is er momenteel naast
het operatief verwijderen van de levertumor geen andere therapie beschikbaar
waardoor in het geval van de kwaadaardige levertumoren de dieren aan de ziekte
overlijden of worden geëuthanaseerd omdat de diagnose veel te laat wordt gesteld.
Wanneer we dus de diagnostiek kunnen verbeteren is er de kans om eerder in te
kunnen grijpen. Naast de betere diagnostiek bieden deze twee merkers ook de
mogelijkheid om een nieuwe behandeling voor levertumoren bij de hond te kunnen
ontwikkelen. Om dit te onderzoeken hebben we een in vitro studie gedaan waarbij
het effect van de stof imatinib (een tyrsosine kinase inhibitor: stofje dat cellen doodt
die positief zijn voor PDGFRα) is getest op een PDGFRα positieve humane cellijn
(HepRG cellijn) en een honden cellijn (BDE). Beide cellijnen leken gevoelig te zijn voor
de stof imatinib. Verder onderzoek is noodzakelijk om de bruikbaarheid van de
merkers PDGFRα en GPC‐3 in de behandeling en diagnostiek van levertumoren
binnen de diergeneeskunde te bewijzen.

Conclusies
Bij de hond zijn de hepatocellulaire tumoren met LPC kenmerken vergelijkbaar zijn
met de K19 positieve hepatocellulaire tumoren bij de mens, zowel wat betreft de
morfologie als de prognose (vooruitzicht). In de hond werd een hogere incidentie
(voorkomen) van hepatocellulaire tumoren gevonden vergeleken met de
cholangiocellulaire tumoren. De primaire epitheliale lever tumoren van de hond
konden worden geclassificeerd in overeenstemming met de meest recente
classificatie van de primaire epitheliale levertumoren van de mens. In de kat werd
een hogere incidentie (voorkomen) gezien van cholangiocellulaire tumoren
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vergeleken met hepatocellulaire tumoren. In tegenstelling tot de hond, lieten de
hepatocellulaire carcinomen bij de kat geen LPC kenmerken zien aangezien ze hun
hepatocellulaire eigenschappen (bleven positief voor de levercel merkers) behielden
en negatief waren voor K19. In plaats daarvan kon in de groep van de kleincellige
carcinomen naast een K19 negatieve groep van echte neuro‐endocrine carcinomen,
ook een K19 positieve groep met LPC karakteristieken herkend worden. De
verschillen tussen de primaire lever tumoren bij hond en kat rechtvaardigt een apart
classificatie systeem voor de levertumoren voor beide diersoorten. De nieuwe
classificatie systemen voor de hond en kat kunnen een basis vormen voor het stellen
van de diagnose van primaire epitheliale lever tumoren waarmee dierenartsen een
meer op de patiënt gebaseerd behandelplan kunnen opstellen.
Immunohistochemische functionele karakterisering van de hepatocellulaire
levertumoren van de hond openbaart de mogelijke achtergrond voor het
mechanisme van maligne transformatie en biedt mogelijkheden voor nieuwe
diagnostische methoden en toekomstige gepersonaliseerde therapieën in de
veterinaire wereld.
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Met een beetje hulp komt alles goed!
Het hele leven bestaat uit het maken van keuzes. Keuzes maken stond ook centraal
rondom mijn afstuderen. Ik kreeg een aanbod om samen met de Dierenzorggroep
een praktijk op te starten in het dorp Groesbeek waar ik het grootste deel van mijn
leven gewoond heb. Van de andere kant was er de mogelijkheid om een promotie
onderzoek naar levertumoren bij de hond en de kat te starten. Een moeilijke keuze
op dat moment want het leek me allebei een mooie kans. Ik bedacht dat ik het
gewoon allebei ging doen en dit voorstel heb ik voorgelegd aan Jan Rothuizen. Jan
gaf aan deze combinatie zeker niet toe te juichen omdat het veel te zwaar zou zijn.
Uiteindelijk koos ik ervoor dan toch de praktijk in te gaan en werd half eigenaar van
dierenkliniek de Molen in Groesbeek. Toen ik na 9 maanden alsnog het aanbod kreeg
om te promoveren in combinatie met het werk in de praktijk heb ik vrijwel meteen ja
gezegd. De combinatie onderzoek en praktijk is achteraf inderdaad niet de beste
combinatie omdat de aandacht en tijd moet worden verdeeld over twee zaken die
beiden eigenlijk de volle aandacht vereisen. Ik denk dan ook nog vaak terug aan de
woorden van Jan, waar ik toen van dacht : “dat zal toch wel meevallen”. Maar bij de
vraag heb je spijt, zeg ik volmondig “nee”. Ik ben dan ook Jan Rothuizen mijn
promotor heel erg dankbaar voor alles wat hij voor mij gedaan heeft en de kansen
die ik heb gekregen. En nu na bijna 4 jaar kan ik zeggen mijn promotieonderzoek is
bijna klaar! Alleen nog het dankwoord; met dit dankwoord sluit ik niet alleen mijn
proefschrift af maar ook een periode waar ik met trots op terug kijk en waarin ik veel
heb geleerd uiteraard over levertumoren maar zeker ook over mezelf. Terugdenkend
aan de afgelopen 4 jaar ben ik heel blij dat ik heb doorgezet. Het feit dat ik het op
deze manier heb kunnen afronden heb ik te danken aan alle mensen die mij in meer
of mindere mate hebben geholpen. Deze laatste woorden, waarvan wordt gezegd
dat dit het meest gelezen onderdeel van het proefschrift is, zijn voor jullie!
Allereest wil ik Prof. Dr. Jan Rothuizen (mijn promotor), Dr. Ted van den Ingh (ook al
staat het niet op papier, maar voor mij nog steeds co‐promotor) en Dr. Bart Spee (co‐
promotor) bedanken. Sowieso alle drie bedankt voor het vertrouwen en het feit dat
jullie de moed nooit (merkbaar) zijn verloren. Ik heb het enorm getroffen met jullie
als begeleiders!
Beste Jan, nogmaals heel erg bedankt voor de kans die je mij hebt gegeven om deze
uitdaging aan te gaan en het vertrouwen dat je in mij hebt gehad. De positieve
feedback die ik regelmatig van je kreeg wanneer ik iets had ingeleverd heeft me heel
veel goed gedaan. Jouw positieve instelling heeft ervoor gezorgd dat ik langzaam aan
steeds meer vertrouwen ging krijgen dat het echt goed zou komen en heeft ervoor
gezorgd dat ik op 24 november met opgeheven hoofd in het academie gebouw mijn
verdediging mag gaan doen.
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Beste Ted, jij hebt een heel belangrijke en voor mij persoonlijk zeer waardevolle rol
tijdens mijn promotie onderzoek gespeeld. Allereerst ben jij degene die mij bijna 4
jaar geleden belde met de vraag of ik toch wilde promoveren op de levertumoren bij
de hond en kat. Vanaf het moment dat ik hierop ja heb gezegd ben je er echt altijd
voor me geweest. Jouw verhelderende en vaak verbazend snelle input bij
manuscripten leidden altijd tot een beter lopend (en vaak stuk korter!) verhaal. De
vele uren samen met jou achter de microscoop kijkend naar honderden coupes van
levertumoren zal ik nooit meer vergeten. Wat was ik blij met jouw onuitputtelijke
kennis van de pathologie en ik kan wel met zekerheid zeggen dat het zonder jou
allemaal nooit was gelukt. Het feit dat je vanwege allerlei regeltjes geen co‐promotor
meer mocht zijn vond ik erg jammer maar maakt jouw rol niet minder belangrijk. Ted,
ontzettend bedankt voor alles en mocht je nog een keer een dierenarts nodig hebben
voor dieren van je dochter dan bel me gerust!
Beste Bart, ook jij bent van zeer grote waarde geweest tijdens mijn promotie
onderzoek. Ondanks je steeds drukker wordende agenda heb je altijd heel erg je best
gedaan om ervoor te zorgen dat ik steeds weer verder kon. Het bellen naar
fabrikanten waar het antilichaam nou toch bleef en het regelen dat coupes werden
gekleurd en tumorcellen werden gekweekt om ze vervolgens met stofjes weer kapot
te krijgen was van onmisbare waarde. Zonder jouw hulp hadden we die uren achter
de microscoop nooit kunnen doorbrengen. Jouw kritische en uitgebreide kijk op mijn
werk heeft een positieve bijdrage geleverd aan het resultaat van alle manuscripten
en uiteindelijk het gehele proefschrift. Bart, heel erg bedankt voor je enthousiasme,
aanhoudende steun en alle keren dat ik je zelfs in de avonduren nog mocht bellen!
Monique, dankzij jou is het grootste deel van alle coupes waar dit onderzoek op is
gebaseerd gekleurd. Heel erg bedankt voor alle uurtjes die je in je drukke schema vrij
hebt willen maken!
Baukje, jouw bijdrage was van korte duur maar zeer gewaardeerd. Ik ben erg blij dat
je op het laatst nog de tijd hebt genomen om de laatste stukken van mijn proefschrift
door te lezen en te voorzien van opbouwende kritiek. Jouw enthousiasme over de
organoïden heeft ervoor gezorgd dat ik me hier op het laatst verder in ben gaan
verdiepen waardoor het toch nog is mee genomen in mijn proefschrift. Ik ben het nu
zeker met je eens dat het niet had mogen ontbreken. Baukje, heel erg bedankt voor
je hulp en heel erg veel succes met je nieuwe baan!
Louis, jij hield mijn onderzoek “op de achtergrond” mee in de gaten. Eigenlijk was ik
me hier nooit echt van bewust totdat ik ineens een mail van je kreeg dat je graag
mee wilde helpen met de afronding van het proefschrift om mij te helpen en
collega’s te ontlasten. De snelheid waarmee jij lappen teksten weet in te korten naar
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slechts een paar regels waarbij de essentie van tekst behouden blijft is echt een
boven natuurlijke gave. Louis, bedankt dat je me hebt geholpen met de laatste
loodjes!
Dr. G. van Muijen van het UMC Nijmegen, bedankt dat u net na de bevalling van mijn
eerste zoon mij de mogelijkheid heeft geboden om gebruik te maken van de discussie
microscoop van het UMC Nijmegen. Dit gaf mij de kans om ook tijdens mijn
zwangerschapsverlof (samen met Bart en Ted) toch nog coupes te kunnen
beoordelen.
Prof. Dr. Tania Roskams en Prof. Dr. Valeer Desmet, bedankt voor jullie hulp met het
mee beoordelen van een deel van de levertumoren van hond en mens. Het was de
ritjes naar Leuven (België) zeker waard!
Beste (oud)collega’s van de praktijk (dierenkliniek de Molen). Heel erg bedankt voor
jullie hulp en geduld. De samenwerking met jullie heeft mij energie gegeven en het
feit dat ik wist dat jullie er altijd voor mij waren heeft het (bijna) onmogelijke
mogelijk gemaakt, het kunnen combineren van promoveren met praktijkwerk heb ik
zeker ook aan jullie te danken. Sandra en Rianne, het feit dat de tijd die jullie in de
agenda voor mijn onderzoek uit blokte bijna altijd weer werd opgevuld met
patiënten heeft me vaak tot wanhoop gedreven maar achteraf ben ik heel erg trots
op jullie. Teksten als: “sorry voor het storen en ik weet dat je het heel druk hebt maar
tijgertje heeft echt veel pijn” of “ik denk dat je deze patiënt wel heel leuk vindt want
hij zou best wel eens een levertumor kunnen hebben” maakte dat ik meestal met
een glimlach weer mijn praktijkjasje aandeed en me neerlegde bij het feit dat het
combineren van onderzoek en praktijk niet in 1 dag past. Tim en Marieke, bedankt
dat jullie mijn collega’s zijn (geweest). Het feit dat ik wist dat de patiënten bij jullie in
meer dan goede handen waren heeft mij de rust gegeven om op dagen dat ik niet in
de praktijk aanwezig was me vol op mijn onderzoek te kunnen storten. Wanneer er
op dit soort dagen dan toch nog werd gebeld door de praktijk wist ik dat mijn hulp
echt nodig was en ik de komende uren waarschijnlijk niet aan mijn onderzoek kon
besteden. Ik ben erg dankbaar dat ik jullie als collega’s heb en ook na 24 november
blijft de regel bestaan: alles is een levertumor totdat het tegendeel bewezen is !
Henny en Gerrit Jan, als directie van de Dierenzorggroep hebben jullie ongetwijfeld
vaak gedacht “hadden we die promotie maar nooit goed gevonden”. Toch ben ik
jullie heel erg dankbaar dat jullie mij deze kans toch hebben gegund. Bedankt voor
het vertrouwen en het geduld!
Mijn paranimfen, Rembrandt van Sprundel en Hedwig Kruitwagen. Heel erg bedankt
dat jullie deze taak op jullie willen nemen en op 24 november letterlijk en figuurlijk
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achter mij staan. Rembrandt, jammer dat een paranimf tegenwoordig een
ceremoniële functie want met jouw medische kennis had ik je goed als hulplijn
kunnen gebruiken. Onze patiënt besprekingen van de afgelopen jaren, jij over de
mens en ik over dieren hebben me geleerd dat er inderdaad zeer veel
overeenkomsten zijn tussen de veterinaire en humane medische wereld. Ik ben trots
dat je er op deze bijzondere dag op deze speciale manier bij bent en jouw plekje als
paranimf maakt mijn echt promotie compleet. Hedwig, heel erg bedankt dat je mijn
paranimf wil zijn! Naast een goede vriendin, ben je ook een erg gedreven
onderzoeker en na jouw promotie ongetwijfeld een steen goede dierenarts. Bedankt
dat je regelmatig tijdens mijn promotie onderzoek mijn promotie probleempjes hebt
willen aanhoren. Jouw nuchtere kijk op dingen heeft me regelmatig doen inzien dat
het helemaal niet nodig is om me zo druk te maken. Ik ben erg blij dat jij er 24
november als paranimf bij bent en hoop dat we ook na 24 november elkaar nog
regelmatig zullen zien.
Excellent tracé (ET) vriendinnen, Hedwig, Floryne, Heleen en Sarah. Het is alweer een
hele tijd geleden dat we met zijn allen als studentjes aan ons ET onderzoek werkten.
Ondanks dat we allemaal onze eigen weg zijn gegaan hebben we wel altijd onze ET‐
etentjes in stand gehouden waar langzaam aan steeds meer baby bezoekjes aan
worden toegevoegd. Ik hoop dat we nog heel lang de traditie van ET‐etentjes in ere
houden! Sowieso gaan we elkaar de komende jaren nog regelmatig tegenkomen bij
de verdedigingen van onze proefschriften.
Lieve familie Kremer, bedankt voor al jullie steun en liefde. Jan en Ike, wat ben ik blij
met jullie als schoonouders. Al jaren komen jullie (ondanks de angst voor dieren, die
bij ons toch in grote getalen aanwezig zijn) elke maandag vanuit Rosmalen naar
Groesbeek gereden om op te komen passen op Abel en Noah. Jullie gemeende
interesse in mijn onderzoek en de praktijk heb ik altijd heel erg gewaardeerd. Het
luisterend oor elke maandagochtend vlak voor het werk heeft me regelmatig erg
goed gedaan. Heel erg bedankt!
Lieve papa en mama, het feit dat jullie mij hebben geleerd om nooit op te geven en
altijd hebben benadrukt dat als je echt iets wil het ook lukt heeft ertoe geleid dat ik
de persoon ben geworden die nooit op zal geven en recht op mijn doel afgaat. Ik ben
er van overtuigd dat jullie de afgelopen jaren regelmatig hebben gedacht hoe het
mogelijk is dat alle ballen die ik de laatste tijd omhoog moest houden (twee kinderen,
de praktijk, de promotie) ook echt in de lucht bleven. De reden dat dit er geen ballen
gevallen zijn, zijn jullie. Het feit dat Abel en Noah altijd welkom waren maakte dat ik
op de meest onmogelijke momenten kon werken en als ik uitgewerkt was stond er
zelfs eten klaar voor het hele gezin. Een kik en jullie stonden alweer klaar. Jullie
waren zelfs een beetje beledigd als ik vroeg of Abel en Noah even mochten komen;
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dat is toch vanzelf sprekend zeiden jullie dan. Mijn dankbaarheid aan jullie is
onbeschrijflijk groot en ik hoop dat ik in de toekomst voor jullie op zijn minst
hetzelfde kan betekenen.
Lieve Abel en Noah, mijn twee lieve schatjes. Allebei geboren tijdens dit promotie
onderzoek dus misschien worden jullie wel hele goede onderzoekertjes. Ondanks dat
jullie regelmatig vanwege drukte even werden uitbesteed aan opa en oma kreeg ik
van jullie altijd een lieve lach welke de onderzoekzorgen deden verdwijnen als
sneeuw voor de zon. Jullie hebben me laten inzien welke dingen echt belangrijk zijn
in het leven waardoor ik steeds beter heb geleerd om te relativeren. Jullie maken
mijn leven echt helemaal compleet en ik kijk uit naar alle mooie momenten die we
samen nog gaan meemaken.
Lieve Jasper, al jaren mijn rots in de branding en absoluut niet meer weg te denken
uit mijn leven. Door alle drukte zijn de momenten samen de afgelopen jaren helaas
erg schaars geweest en ik ben je dan ook heel erg dankbaar dat je me tot het eind
bent blijven steunen. In dit proefschrift zit veel meer werk van jou dan zichtbaar is.
Naast het feit dat je me door moeilijke momenten heen sleepte was jij ook degene
die bij alle artikelen zorgde dat het manuscript in de goede format naar het tijdschrift
ging. Ook nu het proefschrift bijna gedrukt gaat worden verzorg jij de lay‐out
ondanks dat je zelf tot over je oren in het werk zit. Bedankt voor al je liefde, steun en
geduld. De avonden en weekenden achter de computer zijn voorbij, vanaf nu gaan
we alleen nog maar genieten van onze twee kanjers.
Lieve Michèle, aan het eind van mijn excellent tracé jaar ben jij overleden. Een
vreselijke afsluiting van dat onderzoeksjaar. Het feit dat je er niet meer bent zal nooit
gaan wennen en het gemis is extra groot bij speciale gebeurtenissen waar mijn zus
gewoon bij had moeten zijn. Dinsdag 24 november is ook weer zo’n moment maar
ondanks dat het niet zichtbaar is ben ik ervan overtuigd dat je er toch wel bij bent. Ik
ga ervan uit dat je op dit speciale moment naast me staat. Om dit promotie
onderzoek voor mij af te sluiten wil ik graag dit boekje opdragen aan jou. In
liefdevolle herinnering.
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