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General Introduction

Primary hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and 
the third most frequent cancer-related cause of death with increasing incidence worldwide 
(Aleem et al. 2011; Frau et al. 2010; Lee et al. 2006; Lu et al. 2011). In addition, HCC is the most 
common primary liver malignancy in the world (Badvie 2000; Lopez 2005; Stefaniuk et al. 
2010). In the majority of cases, it is associated with hepatitis B or C viral infections, aflatoxicosis, 
and/or liver cirrhosis (Ascha et al. 2010; Borbath et al. 2010; Bosman et al. 2010; Zender et 
al. 2010). Other risk factors for developing HCC include alcoholic liver disease, nonalcoholic 
steatohepatitis, diabetes, and obesity (Liu and Wu 2010; Sanyal et al. 2010). Most patients 
with HCC are diagnosed at a late stage; therefore, the prognosis of HCC patients is generally 
very poor, with a 5-year survival rate of less than 5% (Badvie 2000; Spangenberg et al. 2006). 
Associations with glycogenosis with increased prevalence of hepatocellular carcinoma have 
been described (Aleem et al. 2011; Bannasch 2010; Resnick et al. 1995).

Epidemiology and rodent bioassays are the predominant means by which potential human 
carcinogens are identified. Two classical rodent oncogenicity bioassays (rat and mouse) have 
been used for many years to assess the carcinogenic potential of drugs. While adverse hepatic 
drug reactions in humans are less commonly reported than adverse reactions in the skin 
and gastrointestinal tract, the liver remains an important site of human drug induced injury 
(Greaves 1996; Lee 2003). In addition, it has been shown that more than half of all known 
human carcinogens are hepatocarcinogens in rodents (Tsuda et al. 2010). 
As the liver is considered one of the most critical organs in preclinical toxicity studies and 
primary target for drug-induced toxicity, standardized nomenclature is essential to harmonize 
the reporting of preclinical findings. As many toxicologic pathologists sometimes experience 
difficulties in distinguishing the wide variety of liver lesions in the rodents for safety evaluation 
purposes, an international harmonization of nomenclature and the establishment of proper 
differential diagnoses are warranted. This is necessary to harmonize the descriptive terms 
used in standard toxicology and carcinogenicity studies and establish a sound characterization 
of rodent liver lesions.

Well-defined and standardized diagnostic criteria and nomenclature are essential to clearly 
describe potential effects of xenobiotics on the liver. Although liver damage observed in a 
laboratory animal cannot simply be extrapolated to human liver damage, hepatotoxicity in 
the rodent must be considered as indicative of potential hepatic damage in man (Hayes et al., 
1982). The occasional occurrence of idiosyncratic liver toxicity in humans from xenobiotics 
previously tested without associated rodent toxicity suggests that, based on conventional 
H&E histomorphology, rodent models are not a totally adequate predictive model in currently 
designed studies. Nevertheless, it has been shown that dosing rodent and non-rodent species 
with a new drug for up to one month identifies over 90% of adverse effects that will ever be 
detected in conventional animal studies (Greaves 2007). Also, based on published research, 
true positive concordance rate (sensitivity) between animal and human toxicity are about 70% 
with 30% of human toxicities not predicted by safety pharmacology or conventional toxicity 
studies. 94% of the toxicity leading to withdrawal from development of a compound was 
found within the duration of a 30-day animal toxicity study (Mulder and Dencker, 2006).

Over- and under prediction using animal toxicity studies also occurs and it is necessary to 
consider the species, organ, and drug class under investigation in combination with possible 
other organ systems involved, organ weight changes, hematology, clinical chemistry, urinalysis, 
exposure and other important data to make proper extrapolations in safety assessment. 
Hence this needs a true scientific integrated approach. The toxicologic pathologist involved in 
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the decision making processes needs a proper education (4 years post-graduate curriculum) 
and continuous training following veterinary, medical or similar academic basic background. 
Conventional rat carcinogenicity studies continue to be a primary model for safety evaluation 
of new chemicals and pharmaceuticals. One of the safety issues after long-term administration 
of a xenobiotic is carcinogenicity assessment, and both early and late proliferative liver lesions 
might be indicative of potential hepatocarcinogenesis or carcinogenesis at other sites in 
humans (Adachi et al. 1993; Aleem et al. 2011; Andersen et al. 2010; Bannasch et al. 2003; 
Cheah et al. 2003; Cohen 2010; Hoenerhoff et al. 2011; Marquardt and Thorgeirsson 2010; 
Samson 2011). In these rat studies, the occurrence of spontaneous and/or xenobiotic-induced 
liver neoplasia such as HCC plays a major role in the safety assessment.

In human, dysplastic liver lesions such as large cell change and small cell change are often 
observed in the cirrhotic livers of patients diagnosed with or without HCC. The significance 
of these lesions has been debated over the years with regard to their preneoplastic nature. 
As these dysplastic hepatocytes can frequently be observed in the cirrhotic liver (Cohen 
and Berson 1986; Kobayashi et al. 2006; Lefkowitch and Apfelbaum 1987), they have been 
proposed to contain precancerous properties (Anthony et al. 1973; Libbrecht et al. 2001; 
Watanabe et al. 1983). The cytological features of liver cell dysplasia can strikingly mimic HCC 
(Tao 1991) suggesting it is a putative preneoplastic lesion that can precede HCC in various 
species (Aleem et al. 2011; Bannasch et al. 1989; Borbath et al. 2010; Enzmann et al. 1995; 
Koo et al. 2008; Libbrecht et al. 2005; Maronpot et al. 1989b; Podda et al. 1992). 

The precancerous nature of both these dysplastic lesions (large cell change and small cell 
change) with regard to progression to HCC is somewhat controversial, but some claim that 
either one or both of them have been associated with development of HCC (Anthony et al. 
1973; Borzio et al. 1995; Cheah et al. 2003; Koo et al. 2008; Le Bail et al. 1997; Libbrecht 
et al. 2001; Park and Roncalli 2006; Rubin et al. 1994; Watanabe et al. 1983). Some argue 
that hepatocyte dysplasia probably is an essential intermediate step between HCA and HCC 
(Farges and Dokmak 2010). Others have questioned the preneoplastic nature of these lesions 
and their role in hepatocarcinogenesis (Henmi et al. 1985; Natarajan et al. 1997; Park and 
Roncalli 2006).

Likewise, in preclinical safety testing also the evaluation and detection, as well as the 
interpretation of precancerous liver lesions have been a matter of controversy; Rat foci of 
cellular alteration (eosinophilic, basophilic and clear cell foci) have been a matter of debate for 
many years with regard to their pre-neoplastic properties (Ittrich et al. 2003; Maronpot et al. 
1989a; Qin and Bannasch 2003). After administration of hepatocarcinogens, their incidence, 
size and/or multiplicity are usually increased, and latency usually decreased (Bannasch et al. 
1989; Bannasch and Zerban 1990; Maronpot et al. 1989b). These foci have been described in a 
number of animal models and are considered as precursor lesions of hepatocellular carcinoma 
(Libbrecht et al. 2005), but controversy still remains.

Since controversy with regard to the significance of presumptive preneoplastic liver lesions still 
exists in both human and rat, comparative research of these proliferative lesions in both rats 
and humans can help to shed light on the significance of these lesions in hepatocarcinogenesis.
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Outline of this thesis

This dissertation is build up of two main parts: firstly, the creation of the harmonization of liver 
nomenclature including the discussion of other aspects of the liver (anatomy, topography, 
species differences in anatomy, physiology, grading and others) and, secondly comparative 
investigations of rat and human preneoplastic and neoplastic hepatocellular lesions. 

For harmonization of liver diagnostic nomenclature, the establishment of an international 
nomenclature committee was set up as an INHAND (International Harmonization of 
Nomenclature and Diagnostic Criteria for Lesions in Rats and Mice) proposal, which was 
initiated to create a framework for the harmonization of different rodent organ systems. Part 
I, the INHAND is a joint initiative between Societies from United States (STP), Great Britain 
(BSTP), Japan (JSTP) and Europe (ESTP). This is prepared and described in Chapters 2 to 5, with 
considerations of the differential diagnoses with comments and occasional reference to human 
hepatopathology. Some classical examples are presented in the form of microphotographs at 
the end of Part I of this dissertation. 
In Chapter 2, comparative anatomy, histology and the function of the liver are highlighted. 
In Chapter 3, guidance on liver necropsy and trimming in both rat and mice are described. 
In Chapter 4, a method of consistent grading is described as discussed as part of the 
nomenclature document. Grading of lesions in general and as part of the overall safety 
evaluation in animal toxicity studies was further discussed in Chapter 6. Chapter 5 describes all 
pathological aspects of the rodent liver with regard to terminology and the establishment of 
differential diagnoses in both non-proliferative as well as proliferative lesions. This is illustrated 
with microphotographs of classical examples at the end of Part I of this thesis. This forms 
a basis of a nomenclature that is now used world-wide by toxicologic pathologists in the 
evaluation of liver pathology in regulatory toxicity studies.    

Part II consists of Chapters 7 to 9 which describe comparative investigations of non-neoplastic 
and neoplastic proliferative liver lesions in both humans and rats. This was intended to shed 
light on the pathogenesis of both neoplastic and non-neoplastic liver lesions, as well explain 
the similarities and differences between the presumptive precancerous lesions in both man 
and rat (small cell dysplasia, large cell dysplasia and foci of cellular alteration, respectively) in 
the process of liver carcinogenesis.  

The hypothesis of these comparative investigations was that the immunohistochemistry (IHC) 
on rat precancerous and/or neoplastic lesions would predict human hepatocarcinogenesis 
risk. In addition, the IHC-results on human non-neoplastic lesions would predict potential to 
progress to HCC in humans.

The aim of investigations as presented in Part II was three fold and was based on use 
of immunohistochemical-markers on paraffin sections retrieved from the U.S. National 
Toxicology Program Archives (rat), University Medical Center Utrecht and Erasmus University 
Medical Centre Rotterdam (human)

•	 In Chapter 7, the comparative investigation of human and rat neoplastic and pre-
neoplastic lesions is described using conventional hematoxylin and eosin (H&E) - staining. 
The purpose of this overview was to compare and contrast the morphological features 
of representative examples of commonly occurring human and rat hepatoproliferative 
lesions.

•	 The purpose of the research as presented in Chapter 8 was to investigate the relevance of 
well known routine tumor markers on human HCC (beta-catenin, glutamine synthetase, 
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CD34 and Ki-67) and compare these immunohistochemical results with staining on 
rat HCC using the same marker-panel. In addition, to investigate the staining of more 
experimental markers as: c-myc and TGF-alpha (transforming growth factor alpha) on 
both human and rat HCCs. The markers chosen above are a selection based on those 
which are commonly used in human hepatopathology in neoplastic / proliferative liver 
lesions and which are implicated in the development of tumors. 

•	 The purpose of the research as described in Chapter 9 was the determination of the 
predictive/prognostic value of markers, proven to be relevant for both human and rat HCC. 
This was done by comparing similar proliferative liver lesions in rat and man with regard to 
their IHC-staining characteristics, in order to better understand the pathogenesis of both 
human and rat liver tumor formation. Also, to show their differences and/or similarities 
in immunohistochemistry staining characteristics of both pre-neoplastic and neoplastic 
liver lesions in both human and rat. Based on the comparative results, to conclude on the 
clinical or preclinical relevance of the findings and their application in the clinic and/or for 
safety assessment in toxicity testing of chemicals and pharmaceuticals. 
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Abbreviations

AE1/AE3  = 
a.k.a.   = 
AS   = 
α-SMA   = 
Bcl-2   = 
BSTP   = 
CD (31,34,68)  = 
CEA   = 
CK   = 
ED1   = 
EM   = 
ESTP   = 
Factor VIII  = 
F4/80   = 
H&E   = 
IHC   = 
JSTP   = 
Ki-67   = 
LAMP   = 
LLL  = 
LML   = 
MIB-1   =

MS   = 
NTP  = 
NLDC-145  = 
NOS   = 
OX-6   = 
PAS   =
PC  =
PCNA   = 
PCR   = 
PP   = 
PPA   = 
PPAR   = 
PS   = 
RER   = 
RLL   = 
RML   = 
SRA-E5   =

SOPs   = 
STP   =

Two clones of anti-cytokeratin monoclonal antibodies. 
Also known as. 
Anterior Segment. 
α-smooth muscle actin.
B-cel lymphoma 2 - apoptosis regulator protein. 
British Society of Toxicological Pathologists. 
Cluster differentiation (31,34,68). 
Carcinoembryonic antigen.
Cytokeratin.
Rat homologue of human CD68.
Electron microscopy.
European Society of Toxicologic Pathology.
Blood clotting factor/ anti-hemophilic factor.
Rat anti-mouse macrophage monoclonal antibody.
Hematoxylin and Eosin.
Immunohistochemistry.
The Japanese Society of Toxicologic Pathology.
Nuclear protein associated with proliferation.
Lysosome-associated protein.
Lef lateral lobe.
Left medial lobe.
Monoclonal antibody that detects K-67 antigen on formalin fixed 
paraffin embedded sections.
Middle Segment. 
National Toxicology Program. 
Rat anti-mouse dendritic cell monoclonal antibody. 
Not otherwise specified. 
MHC Class II Ia antibody. 
Periodic acid-Schiff. 
Caudate Process.
Proliferator Cell Nuclear Antigen. 
Polymerase Chain Reaction. 
Papillary Process. 
Processus papillaris anterior. 
Peroxisome Proliferator-Activated Receptor. 
Posterior Segment.
Rough Endoplasmic Reticulum.
Right lateral lobe.
Right medial lobe.
Mouse monoclonal anti-macrophage antibody for Scavenger 
Receptor A.
Standard Operating Procedures.
Society of Toxicologic Pathology.
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Chapter 1: General introduction, objective and outline

The liver is a major target organ in safety assessment of preclinical toxicity and oncogenicity 
studies with rodents; hence, hepatic pathology is central to many toxicological pathology 
studies. As toxicologic pathologists sometimes experience difficulties in distinguishing the 
wide variety of liver lesions in the rodents for safety evaluation purposes, this document is a 
consensus of senior toxicologic pathologists regarding suggested nomenclature that should 
be used for specific lesions.

Standardized diagnostic criteria and nomenclature are essential to harmonize the classification 
and reporting of hepatic nonproliferative as well as proliferative lesions. This INHAND 
document serves as a framework that can be used for the harmonization of diagnostic criteria 
of hepatic lesions in laboratory rats and mice. These recommendations for diagnostic criteria 
and preferred terminology should not be considered mandatory; proper diagnoses are 
ultimately based on the discretion of the toxicologic study pathologist.

The INHAND (International Harmonization of Nomenclature and Diagnostic Criteria for 
Lesions in Rats and Mice) initiative creates a framework for the harmonization of diagnostic 
nomenclature (classification of lesions using the same terminology) in different rodent organ 
systems. It is a joint initiative between Societies from the United States (STP), Great Britain 
(BSTP), Japan (JSTP), and European countries (ESTP).

This document is organized to provide introductory material that reviews comparative 
interspecies differences in anatomy and liver function, followed by a listing of liver lesions in 
a standardized format. The liver lesions descriptions include differential diagnoses to aid in 
distinguishing primary diagnoses from similar appearing lesions. Throughout the document, 
comparisons are made with respect to similar liver lesions that may occur in humans. It should 
be noted that the preferred diagnostic terminology for some lesions in this document might 
represent departures from traditional nomenclature schemes found in standard textbooks. 
Furthermore, illustrative photomicrographs for a given diagnostic entity may occasionally 
depict additional tissue changes as this reflects actual situations frequently observed in 
pathological evaluation of toxicity studies.
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Chapter 2: Comparative anatomy, histology and function of the rodent liver

The liver occupies the cranial third of the abdominal cavity and is comprised of multiple lobes; 
however, the nomenclature for the liver lobes varies among authors. There are basically left, 
middle, right, and caudate lobes (Harada et al. 1999; Eustis et al. 1990). A thin connective 
tissue capsule that is externally lined by peritoneal mesothelial cells covers the parietal and 
visceral surfaces of the liver. The middle lobe has an incomplete fissure where the falciform 
ligament attaches. In mice the gallbladder is located in the middle lobe fissure, whereas the rat 
does not have a gallbladder. The right lobe has an anterior and posterior component and the 
small caudate lobe consists of two or more disc-like sublobes (Figure 1).

Nomenclature for liver lobes varies among species and sometimes among authors. A table 
showing differences in liver lobes between species is included based on current anatomic 
features (Table 1).

Table 1: Species Differences in Liver Lobes. Histomorphology

Human 
(4 / 8)*

Monkey
(4 / 8)

Dog 
(6 / 7)

Rat 
(4 / 7)

Mouse 
(4 / 7)

Cat 
(6 / 7)

Left Liver Left Lobe
(2 segments)
AS + PS

Left (lateral) 
Lobe

Left Lobe
LLL + LML

Left Lobe   
LLL + LML

Left Lobe
LLL + LML

Left Lobe
LLL (largest)  
+  LML

Right Liver Right Lobe
(2 segments)
AS + MS + 
PS

Right (lateral) 
Lobe

Right Lobe
RLL (impres-
sion) + RML

Right Lobe
RLL + RML

Right Lobe
RLL + RML

Right Lobe
RLL + RML

Intermediate 
liver

Quadrate 
Lobe

Median Lobe
(largest)

Quadrate 
Lobe

Quadrate lobe 
(small)

Quadrate 
Lobe

Caudate Lobe Caudate Lobe
PC + PP

Caudate Lobe Caudate Lobe
PP + PC

Caudate 
Lobe
PP + PPA + 
PC

Caudate Lobe
PP + PC

Caudate Lobe
PP + PC

*  (Number. of lobes /Number of lobes including segments)
 LLL - Left lateral lobe RLL - Right lateral lobe PC - Caudate Process       
 LML - Left medial lobe RML - Right medial lobe PP - Papillary Process 
 PPA - Processus papillaris anterior AS - Anterior segment MS - Middle Segment PS - Posterior segment

Gray et al., 1995, Browning et al., 1974, König et al., 2004, Rajtová et al., 2002, Vons et al., 2009.

Figure 1: Gross appearance 
and tissue trimming 
recommendations for a normal 
rodent liver (Ref. to http://reni.
item.fraunhofer.de/reni/trimming/
index.php).
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Histomorphology

The two-dimensional microarchitecture of the liver has been categorized in at least three 
perspectives (Figure 2). The anatomic model is the classical lobule, a hexagonal structure 
divided into concentric centrilobular, midzonal, and periportal segments. The triangular portal 
lobule is based on bile flow and is centered on the portal triad (portal canal). The elliptical or 
diamond shaped liver acinus is a functional subunit of the liver. It incorporates blood flow 
and metabolic functions and is divided in zone 1 (periportal), zone 2 (transitional; midzonal), 
and zone 3 (centrilobular). Functionally, zone 1 hepatocytes are specialized for oxidative liver 
functions such as gluconeogenesis, beta-oxidation of fatty acids, and cholesterol synthesis, 
while zone 3 cells are more important for glycolysis, lipogenesis, and cytochrome P-450-
based drug detoxification.

Classical lobule Portal lobule

Liver acinus

Portal canals

Central vein

III

II
I

III

II
I

Blood Supply and Bile Flow

The liver has a dual blood supply, the hepatic portal vein and the hepatic artery. The hepatic 
artery supplies oxygenated blood. Approximately 75% of the blood is delivered to the liver 
via the hepatic portal vein that drains the spleen, stomach, intestines, and pancreas. Branches 
of the hepatic artery and portal vein are seen in the portal triads along with bile ducts and 
are separated from the hepatic cords by a “limiting plate” of hepatocytes. The bile ducts join 
to form the hepatic duct leading to the small intestine in rats and to the gallbladder in mice. 
Blood flows from the portal areas to the central vein in the center of each lobule while bile 
flows from the center of the hepatic lobule to the portal areas and on to the hepatic duct.

Histology

The two most commonly used descriptions for the structural and functional units of the liver 
are the hepatic lobule (Kiernan 1883) and the acinus (Rappaport et al., 1954) (Figure 2). 
The structural unit, the hepatic lobule, is modeled on the blood flow within the liver and is 
commonly used for descriptive pathology and morphological diagnoses. The functional unit, 
the hepatic acinus, is modeled on blood flow and metabolism within the liver. More recently a 
parenchymal unit in the liver has been described as a cone-shaped three-dimensional structure 
comprised of approximately fourteen hepatic lobules supplied and drained by common 

Figure 2: Two-dimensional 
microarchitecture of the liver. 
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vascular tributaries (Malarkey et al. 2005; Teutsch, Schuerfeld, and Groezinger 1999; Teutsch 
2005). This parenchymal unit more closely explains the random size and shape distribution of 
the more classical hepatic lobule as seen in a conventional two-dimensional histology slide. 
It also provides a basis for understanding the heterogeneous response of various hepatic 
lobules to chemical insult.

In addition to hepatocytes, the liver is comprised of a variety of cell types, including biliary 
cells, endothelial cells, Kupffer cells, Ito cells (stellate cells), fat-storing cells, and pit cells in 
addition to hematopoietic cells in the sinusoids and blood vessels. Polyhedral hepatocytes 
comprise approximately 60% of the liver arranged in plates or cords that radiate from the 
central vein to the portal areas. In two-dimensional sections they are typically one cell layer 
thick and form anastomoses (Miyai 1991). On one surface they are separated from the 
sinusoidal wall by a peri-sinusoidal space, the space of Disse, where they are exposed to tissue 
fluids. On the opposite side of the hepatocyte bile canaliculi are formed with hepatocytes 
in an adjacent hepatic cord. Desmosomes, gap junctions, and stud-like protrusions connect 
contiguous hepatocytes within a cord. Biliary cells form bile ducts in the portal areas and 
constitute the portal triad with a hepatic artery and a portal vein. Fenestrated endothelial 
cells line the sinusoids and synthesize prostaglandins. Kupffer cells are a self-renewing fixed 
macrophage comprising approximately 10% of all liver cells (Eustis et al. 1990). Kupffer cells 
are phagocytic, secrete mediators of inflammation, and catabolize lipids and proteins. Ito cells 
(stellate cells) are peri-sinusoidal cells that store vitamin A and are also a major source of 
collagen in the liver. Pit cells are lymphocytes that have natural killer activity and are primarily 
located in periportal areas (Wright and Stacey 1991).

Immunohistochemistry

Immunohistochemistry (IHC), utilizing fluorescent or chromogen tagged antibodies, is a useful 
adjunct for identification of different cell types in the liver. Selected examples are provided in 
Table 2.

Table 2: Selected immunohistochemical stains that have been used to identify different cell types in liver sections

Immunohistochemical stains of liver cells

Cell type Antibody

Hepatocytes CK8, CK18

Bile canaliculi Polyclonal CEA

Bile duct epithelium CK7, CK19, AE1/AE3

Endothelial cell Factor VIII, CD31, CD34

Exudate macrophages (monocytes) ED1

Kupffer cells CD68, F4/80, ED2, SRA-E5

Hepatic stellate cells (activated), myofibroblasts and smooth muscle cells α-SMA

Dendritic cells NLDC-145, OX-6

Oval cells α-fetoprotein (AFP), CK20

Apoptosis Bcl-2, Caspase 3 and 7

Proliferation markers Ki67 / MIB-1, PCNA

Geller et al., 2008, Malhotra et al., 2004, Hurlimann and Gardiol 1991, Davenport et al., 2001, Kashiwagi et al., 2001, Faa et al. 1998.
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Use of IHC can be helpful for diagnostic purposes and is common in human pathology 
where panels of immunohistochemical stains are used for supporting diagnoses. Not all 
commercially available preparations of a given antibody will react the same way between 
different laboratories and between different species. Furthermore, expertise is required for 
tissue handling to unmask cellular antigens that may be cross-linked during tissue fixation. 
Diagnostic evaluation of immunostains typically requires inclusion of both positive and 
negative controls. The interpretations of IHC results are usually performed in conjunction with 
histopathological findings and sometimes also with consideration of gross findings and/or 
clinical pathology or other relevant study results.

Physiology

The liver is responsible for maintenance of many homeostatic and physiological functions. 
Liver size is governed both by genetic factors and by the rate of biochemical activity to 
maintain optimal functional mass. It is an organ system capable of rapid responses to a variety 
of noxious stimuli. Following loss of hepatocytes from stimuli such as transient toxic insult, 
infection, or partial hepatectomy, the liver is rapidly restored to its optimal mass to maintain 
normal function.

Liver functions are complex and diverse including endocrine and exocrine activity, metabolism, 
conjugation, detoxification, and hematopoiesis in early embryonic and fetal development 
(Harada et al. 1999). The liver is continuously exposed to all ingested substances absorbed 
through the intestinal tract via the portal vein and systemically via the arterial blood supply. 
A pivotal hepatic function in toxicologic pathology is xenobiotic biotransformation that 
leads to detoxification of materials absorbed in the intestinal tract. Xenobiotic metabolism by 
hepatocytes can occur by phase I (often the cytochrome oxidase series) and phase II reactions 
(often the formation of the water soluble glucuronide) (Graham and Lake 2008; Martignoni, 
Groothuis, and de Kamer 2006). Hepatic metabolic processes may also cause indirect toxicity 
by generating electrophilic species capable of reacting with proteins, nucleic acids, and other 
cytoplasmic organelles (Xu, Li, and Kong 2005). Intrinsic and induced enzymes responsible 
for hepatic function may be unevenly distributed throughout the hepatic lobule and between 
the different lobes (Greaves 2007).

The presence of background changes and undercurrent disease states affects the hepatic and 
biliary morphology, for example, caloric restriction diminishes hepatocellular size and can 
make interpretation of test-article-related changes more challenging. Other factors that in-
fluence the liver morphology are: body weight loss, blood flow, food intake, vascular and 
hemodynamic changes, timing and duration of exposure, withdrawal effects, and functional 
heterogeneity. Functional heterogeneity expresses itself via differences in metabolism, oxy-
gen supply, beta-oxidation, amino acid metabolism, gluconeogenesis, glycolysis, ureagen-
esis, liponeogenesis, and bile acid and bilirubin secretion. These factors can affect occurrence 
of nonproliferative as well as proliferative liver lesions in rodents.
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Chapter 3: Liver Necropsy and Trimming 

At necropsy, rat and mouse liver may be weighed and individual liver lobes examined carefully 
for gross lesions. In conventional preclinical rodent studies, gross lesions must be correlated 
with the histopathological findings. Liver-specific trimming protocols (see Figure 1, page 20) 
according to standard operating procedures (SOPs) are used (e.g., see Ruehl-Fehlert et al. 
2003). Dissected lobes and trimmed liver pieces can be fixed in 10% neutral buffered formalin 
(no more than 1 cm thick in 1:10 tissue: formalin).
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Chapter 4: Grading of Liver Lesions

Interpretation of hepatic lesions in safety assessment studies requires consideration of gross 
and microscopic findings, hematology, clinical chemistry, and liver weights in the concurrent 
control groups of animals and should take into account species and strain, age, caging, diet, 
and tissue sampling.

Many pathologists use a grading system to document lesion severity. In toxicological 
pathology, the generation of ordinal data using a scoring system allows statistical analysis for 
effects and trends (Gad and Rousseaux 2002). However, not all grading systems are the same 
and may differ in how they incorporate distribution, stage, and extent of lesions. The problem 
of harmonization as it relates to lesion severity has been recognized and discussed in some 
detail (Hardisty and Eustis 1990; World Health Organization 1978).

Most toxicologic pathologists use a common grading scale such as marginal or minimal, 
slight, moderate, marked, and severe for inflammatory, necrotizing, or other degenerative 
and responsive lesions. Tissue-specific locators are often used, such as portal, periportal, 
midzonal, centrilobular, hilar, ductal, peri-ductal, peri-canalicular, or subcapsular to indicate 
the lesion distribution within the liver. Focal, multifocal, and diffuse are commonly used 
modifiers in the morphological diagnosis for distribution parameters. Based on the formal 
definition, a focal lesion refers to one specific area, or focus, whereas multifocal refers to more 
than one focus (foci). However, some pathologists use focal for both focal and multifocal, 
referring to the nature of the lesion rather than its actual distribution and using grading to 
reflect the extent of the multifocality. Schemes for scoring lesion severity vary widely and 
no single system is likely to be accepted by all pathologists. While a sample grading scheme 
for focal and multifocal liver lesions is provided in Table 3, this should not be regarded as a 
universal or specific INHAND-recommended grading scheme.

Table 3: A sample grading scheme for focal and multifocal liver lesions (modified from Hardisty and Eustis 1990; 
World Health Organization 1978; Derelanko 2000)

Severity Proportion of Liver Affected Grade Quantifiable Finding

Marginal or minimal Very small amount 1 1-2 foci

Slight or few Small amount 2 3-6 foci

Moderate or several Medium amount 3 7-12 foci

Marked or many Large amount 4 > 12 foci

Severe Very large amount 5 diffuse
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Chapter 5: Nomenclature, Diagnostic Criteria, and Differential Diagnosis

5.1. Congenital Lesions

Introduction

Developmental anomalies occasionally occur in the liver of rodents. These malformations 
might be expressed in different forms and be of different origin. They mostly occur as isolated 
effects and are considered by the pathologist in distinguishing background hepatic lesions 
versus xenobiotic-induced lesions that occur in rodent preclinical toxicity studies.

Hepatodiaphragmatic Nodule (Figures 3 and 4)

Pathogenesis 
Developmental alteration.

Diagnostic features
•	 Visible grossly and tinctorially similar to normal hepatic parenchyma. 
•	 Rounded extensions usually of the medial lobe(s). 
•	 Increased mitoses, cytological alterations, and nuclear alterations may be present. 
•	 Linear chromatin structures with small lateral projections are pathognostic. 

Differential diagnosis 
•	 Hepatocellular focus of cellular alteration - tinctorial variation from normal parenchyma 

and does not protrude into the diaphragm. 
•	 Hepatocellular neoplasia - when visible grossly does not protrude into the thoracic 

cavity. 
•	 Regenerative hyperplastic nodule (nodular hyperplasia) - typically involves multiple 

nodules of hyperplasia separated by proliferative bands of oval cells or connective tissue.  

Comment 
Hepatodiaphragmatic nodules can be seen in rats at any age and their occurrence in fetuses is 
considered presumptive evidence of a congenital origin. While they appear to be protruding 
through the diaphragm and extending into the thoracic cavity, they actually are attached to 
and covered by a thin fibrous portion of the diaphragm (Eustis et al. 1990). 

An incidence ranging from 1% to 11% has been reported for hepatodiaphragmatic nodules 
in Fischer 344 rats (Eustis et al. 1990), with few cases reported in other rat stocks and 
strains. Mice do not develop such nodules but may have focal lesions similar to those in rat 
hepatodiaphragmatic nodules and with large nuclei with large central nucleoli-like basophilic 
bodies.
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5.2. Hepatocellular Responses, Cellular Degeneration, Injury, and Death

Introduction

The function and structure of most liver cells are relatively constrained by their genetic programs 
of metabolism, differentiation, and specialization. While the cells of the hepatic parenchyma 
have the flexibility to adapt to changing physiological demands with reversible functional and 
morphological alterations, sufficient stress, or noxious stimuli may lead to inability to maintain 
homeostasis and adverse cellular adaptations. The morphological response to injurious stimuli 
depends on the nature of the injury and its severity and duration. Often at high doses, targeted 
cells go through a sequence of cellular degeneration followed by cell death, but at lower doses 
degenerative changes do not necessarily lead to cell death. Consequentially, cellular changes 
that do not lead to cell death or death of the animal may be called “adaptive” changes that 
can be considered either adverse or not adverse reactions, depending on the nature of the 
change. There are cellular adaptations involving metabolic or functional alterations that lead 
to increases in cellular organelles and intracellular accumulations of a variety of endogenous 
and exogenous substances but allow the cell and animal to survive and often live normally. 
Similar changes may occur in human liver, such as cholestasis, a common lesion in human liver 
after long-term drug therapy. However, in animals, when the limits of adaptive responses are 
exceeded or do not occur in response to chemical exposure, irreversible cellular injury and 
cellular death occurs, with possible subsequent illness and death. Adaptive changes or doses 
of chemicals that induce adaptive changes usually do not result in illness or death of rodents. 
Often these processes are dose and chemical related.

Fatty change 

Synonyms/subtypes
Lipidosis, vacuolation, lipid, macrovesicular and/or microvesicular steatosis, phospholipidosis1.
1 Electron microscopy or special staining needed for a definitive diagnosis. 

Pathogenesis
Perturbations in lipid metabolism and disposition. 

Diagnostic features
Macrovesicular fatty change (Figures 5 and 6)
•	 Hepatocytes contain a large well-defined single rounded vacuole within each cell. 
•	 Nucleus and cytoplasm displaced to the periphery. 
•	 A few hepatocytes may contain one or more smaller vacuoles.  

Microvesicular fatty change (Figure 7) 
•	 Hepatocytes partially or completely filled with numerous small lipid vacuoles. 
•	 Affected hepatocytes may have a “foamy” appearance. 
•	 Small vacuoles do not normally displace the nucleus to the periphery in contrast to 

macrovesicular steatosis.

Differential diagnosis
•	 Hydropic degeneration - clear cytoplasm without nuclear displacement. 
•	 Glycogen accumulation - irregular and poorly defined lacy clear spaces in the 

cytoplasm (rarefaction) usually with centrally located nuclei. 
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Comment
There is a difference in preferred nomenclature among pathologists for this change. Based 
strictly on an H&E-stained section, a diagnosis of cytoplasmic vacuolation of hepatocytes is 
a universally acceptable descriptive diagnosis. Based on the experience of the observer, the 
specific morphological features of the cytoplasmic vacuolation may be sufficiently consistent 
with intracytoplasmic lipid accumulation to warrant a presumptive diagnosis of fatty change. 
The unequivocal demonstration of intracytoplasmic fat, however, requires a special stain.

Fatty change can be induced by a number of different agents and is usually divided into two 
main types, namely, microvesicular and macrovesicular, although mixed forms can frequently 
be observed (Greaves 2007; Gopinath, Prentice, and Lewis 1987; Goodman and Ishak 2006; 
Kanel and Korula 2005). Macrovesicular lipidosis is a reaction to a wide variety of injuries and 
can also be regarded as a physiological adaptation demonstrated as an imbalance between 
uptake of lipids from blood and secretion of lipoproteins by the hepatocyte (Goodman and 
Ishak 2006). Microvesicular lipidosis is usually indicative of more serious hepatic dysfunction 
but can also result from nutritional disturbances (Greaves 2007).

Specific xenobiotics can induce either macrovesicular or microvesicular lipidosis in humans 
(Kanel and Korula 2005). In animal studies, it is common to see a mixture of macrovesicular 
and microvesicular lipidosis. In those situations one can either diagnose the most prevalent 
form or record the findings as mixed. Commentary in the pathology narrative report might be 
appropriate, especially if recording the most prevalent form of lipidosis. Liver with admixed 
presence of glycogen and fatty change can be observed (Figures 8 and 9). 

Fatty change and necrosis may appear together although they may differ in proportion. A 
number of causes other than xenobiotic exposure, such as chronic hepatic injury, diet, 
metabolic and hormonal status, debilitation of animals, and fasting before necropsy, should be 
taken into consideration in reviewing these changes (Vollmar et al. 1999; Katoh and Sugimoto 
1982; Nagano et al. 2007; Denda et al. 2002). The distribution can be either diffuse (e.g., 
ethionine) or zonal (e.g., centrilobular in CCl4; periportal in phosphorus toxicity; midzonal in 
choline deficiency). Inadequate fixation procedures may sometimes give rise to artifacts with 
microvesicular vacuolation, although mostly with less clear cytoplasm (Li et al. 2003). 

Focal fatty change can sometimes be seen spontaneously and is usually described as such. A 
specific variation occurs near the attachment of the falciform ligament and gallbladder in mice 
and is referred to as “tension lipidosis” (Harada et al. 1999) (Figures 10 and 11). Spontaneous 
fatty change can differ between strains and is a normal finding in BALB mice. Livers of these 
mice are typically paler than in other strains. Focal fatty change in the liver of rodents has 
previously been categorized as vacuolated altered hepatic foci (Eustis et al. 1990), but current 
practice is to diagnose this change as focal fatty change rather than as a focus of hepatic 
alteration (Figures 12 and13). 

Fatty change can also be observed in combination with other hepatotoxic injuries (e.g., 
chronic liver toxicity, degeneration, inflammation, and necrosis) or nutritional disturbance 
(e.g., diet, vitamin A excess) in both animals and man. Special stains on cryostat sections can 
demonstrate fat (e.g., Oil red O or Sudan Black) (Jones 2002).
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Phospholipidosis2

2 Electron microscopy or special staining needed for a definitive diagnosis.

Synonym
Cytoplasmic vacuolation, foam cells.

Pathogenesis
Induced by xenobiotics with a cationic amphophilic structure.

Diagnostic features
•	 Multiple irregular to round clear membrane-bound vacuoles. 
•	 Tends to be a diffuse change affecting hepatocytes. 

Differential diagnosis
•	 Fatty change - round clear vacuoles tend to be single or multiple and discrete. 
•	 Glycogen accumulation - irregular and poorly defined clear spaces in the cytoplasm 

(rarefaction) usually with centrally located nuclei; positive stained with periodic acid- 
Schiff staining. 

Comment
Definitive diagnosis of phospholipidosis is not possible based strictly on H&E- stained liver 
sections. A diagnosis of cytoplasmic vacuolation of hepatocytes will typically be an acceptable 
descriptive diagnosis. Since the cytoplasmic vacuolation may mimic microvesicular fatty 
change, a descriptive diagnosis of cytoplasmic vacuolation is recommended in the absence 
of electron microscopy or special immunostaining. 

Phospholipidosis can be induced by xenobiotics with a cationic amphophilic structure (Halliwell 
1997; Anderson and Borlak 2006; Reasor, Hastings, and Ulrich 2006; Chatman et al. 2009) 
(Figures 14 and 15). It is a lipid storage disorder seen when complexes between xenobiotics 
and phospholipids accumulate within lysosomes. Phospholipidosis refers to a specific form of 
hepatic vacuolation with the occurrence of concentric membrane bound lysosomal myeloid 
bodies/lamellar bodies that can be confirmed by specific staining and electron microscopy 
(Hruban, Slesers, and Hopkins 1972; Obert et al. 2007) (Figure 16). Definitive diagnosis 
requires electron microscopy or positive immunostaining. Immunohistochemical staining for 
a lysosomal-associated protein and adipophilin may be used to differentiate phospholipidosis 
from conventional fatty change (Obert et al. 2007). Both preexisting neutral fat and 
phospholipids can be observed in combination. The macrovesicular and the microvesicular 
fatty change (vacuolation) generally located at the cell periphery stains positively for Oil 
Red-O and the membranes surrounding these lipid vacuoles stain positively for adipophilin 
(a protein that forms the membrane around non-lysosomal lipid droplets) but negative for 
LAMP-2 (a lysosome-associated protein) by immunohistochemical techniques (Obert et al. 
2007). This indicates that this vacuolation was due to accumulation of non-lysosomal neutral 
lipid. Cytoplasmic microvesiculation located centrally in hepatocytes that exhibit positive 
immunohistochemical staining for LAMP-2 (Figure 17) but is negative for Oil-Red-O and 
adipophilin is indicative of phospholipid accumulation (Obert et al. 2007). 

Amyloidosis (Figures 18 and 19) 

Pathogenesis
Cellular process related to misfolding of protein. 
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Diagnostic features
•	 Deposition of pale, homogeneous, amorphous eosinophilic material.
•	 Deposition often peri-sinusoidal, periportal, or involving blood vessel walls. 
•	 Localization is extracellular. 

Comment
This is a rare condition in rats but is a more common age-related phenomenon in hamsters and 
mice (Greaves 2007; BSTP 2007). The basis of the pathological change is the cell’s inability to 
prevent protein misfolding, to revert misfolded proteins to normal, or to eliminate misfolded 
proteins by degradation. This can result in deposition of potentially cytotoxic protein 
aggregates of amyloid as in other protein aggregation diseases (Aigelsreiter et al. 2007). The 
amyloid is predominantly composed of protein in a beta- pleated sheet conformation.
The incidence of spontaneous amyloidosis usually increases with age and is common in CD-1 
mice (Harada et al. 1996). Amyloid observed in the liver often is referred to as secondary 
amyloidosis (serum amyloid A protein) and is seen in the sinusoids and within the portal vessel 
walls. Hepatocytes adjacent to sinusoidal amyloid deposits are often atrophic. A number of 
factors (e.g., species, age, strain, gender, endocrine status, diet, stress, and parasitism) can 
influence the occurrence of amyloidosis (Beregi et al. 1987; Coe and Ross 1990; Lipman et al. 
1993; Harada et al. 1996; Liu et al. 2007). Other organs are often involved in the deposition 
of amyloid (e.g., kidney, nasal submucosa, lamina propria intestines, heart, salivary gland, 
thyroid, adrenal cortex, lung, tongue, testis, ovary, and aorta).
 
Amyloidosis can be confirmed with additional histochemical staining (Congo red) where it 
shows pink-red staining and apple green birefringence under polarized light (Vowles and 
Francis 2002; Kanel and Korula 2005) and by immunohistochemistry. 

Mineralization (Figure 20) 

Pathogenesis
Hypercalcemia secondary to diet or abnormal calcium metabolism; hepatocellular necrosis 
(dystrophic mineralization). 

Diagnostic features
•	Intra-	or	extracellular	basophilic	deposits,	sometimes	with	calcification.

Differential diagnosis
•	 Artifact - hematoxylin stain deposits in clear spaces.
•	 Pigment deposits - may be tinctorially different from mineralization and often seen within 

macrophages.
•	 Intrabiliary accumulation of test compound or metabolite.
•	 May be associated with necrosis, inflammation, or neoplasia.

Comment
Mineralization is rarely seen in the liver and gallbladder in rodents. Dietary factors (mineral 
content) and disturbance of calcium metabolism commonly influence the process of hepatic 
mineralization (Harada et al. 1999; Spencer et al. 1997; Yasui, Yase, and Ota 1991; DePass et 
al. 1986). Mineralization can sometimes be observed in combination with inflammation or 
neoplasia (Harada et al. 1999; Kanel and Karuda 2005). Mineral deposits can be demonstrated 
by using additional stains (Alizarin Red, von Kossa) (Churukian 2002). 
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Pigmentation (Pigment Deposition) (Figures 21-25) 

Pathogenesis
Incidental occurrence and secondary to cellular and erythryoid breakdown products; lipid 
peroxidation of cellular membranes; altered heme metabolism. 

Diagnostic features
Lipofuscin 
•	 Pigment can be seen in hepatocytes as well as in Kupffer cells. 
•	 May vary from pale yellow to deep granular brown. 
•	 May be sudanophilic with autofluorescence under ultraviolet light.
•	 Often located adjacent to bile canaliculi.

Iron/hemosiderin
•	 Can be yellow to brown. 
•	 May be finely granular. 
•	 Usually appears intracellularly in Kupffer cells and hepatocytes. 

Porphyrin 
•	 Pigment is dense dark brown to red-brown and when viewed with polarization is  

bright red with a centrally located dark “Maltese cross”. 
•	 Brilliant red fluorescence when viewed in fresh frozen sections; fades with exposure  

to ultraviolet light. 
•	 Most often located in bile ductules and bile canaliculi. 

Bile (cholestasis) (Figures 23-25)
•	 Appears as elongated pale green-brown plugs within bile caniculi. 
•	 Will appear in Kupffer cells following rupture of caniculi. 
•	 Can appear as finely granular pigment within in hepatocytes, which is common in  

human liver but much less common in rodents. 
•	 Not a common xenobiotic response in rodents; more common in humans and  

monkeys. 

Differential diagnosis 
•	 Artifact - hematoxylin stain deposits in clear spaces. 
•	 Formalin precipitated pigment - extracellular granular yellow-brown deposits often 

associated with erythrocytes. 
•	 Test compound/metabolite - may be distinctive for the specific compound. 
•	 Mineralization - basophilic deposits; may be associated with calcification. 

Comment
A number of different pigments may be seen as an incidental finding within hepatocytes 
and Kupffer cells in rodents. Some of them may increase and/or accumulate after treatment. 
Definitive diagnosis of a specific pigment typically requires special stains. 

Lipofuscin or ceroid is sometimes referred to as “wear and tear” or “aging” pigment and 
therefore is often observed in older animals. It is considered to represent a breakdown of cell 
membranes. Lipofuscin accumulates in postmitotic and aging cells. It has been shown to be a 
mixture of oxidized proteins and lipids, carbohydrates, and trace amount of metals (Seehafer 
and Pearce 2006). A variety of stimuli can accelerate the accumulation of this pigment, such 
as drug and chemical exposure, trauma and circulatory factors, and diet (Greaves 2007). 
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Lipofuscin accumulation in the liver may be augmented by certain chemicals (Kim and Kaminsky 
1988; Marsman, 1995). Treatment of rats with PPAR alpha agonists such as fenofibrate and 
associated increased lipid peroxidation seen in rodents treated with hypolipidemic agents can 
induce lipofuscin accumulation in liver after prolonged treatment (Nishimura et al. 2007; Goel, 
Lalwani, and Reddy 1986; Reddy et al. 1982). Increased lipofuscin accumulation has also been 
observed in partially hepatectomized liver of rats (Sigal et al. 1999). Lipofuscin is insoluble 
in alcohols and xylene and other solvents normally used in the preparation of slides. Special 
stains such as Smorl’s can be used to demonstrate the pigment. Storage granules appear gray 
with Sudan Black B, may be PAS-positive, and may stain with Luxol fast blue and Ziehl-Neelsen 
(Jones 2002).

Porphyrin pigment, a precursor of heme protein, is seen with treatment of some xenobiotics. 
Bile pigment is a common finding when there is cholestasis secondary to obstruction of bile 
flow or when there is perturbation in bile metabolism. Bile pigment stains green with Hall’s 
method.

Hemosiderin pigment represents precipitated iron that is most frequently generated as a 
breakdown product of erythrocytes and is derived from hemoglobin and accumulates in the 
liver following local or systemic excess of iron. Deposition or iron may occur following excess 
dietary intake or treatment by xenobiotics (Popp and Cattley 1991; Greaves 2007; Travlos et 
al. 1996). Excess of iron following injection may be stored as hemosiderin and deposited in 
the reticuloendothelial component of the liver (and other organs such as spleen and bone 
marrow) (Bruguera 1999; Pitt et al. 1979). Intraperitoneal injection of aflatoxin B1 can also 
induce hemosiderosis in hamsters (Ungar, Sullman, and Zuckerman 1976). Endogenous iron 
deposition can be found following breakdown of blood cells (hemolytic event). Iron pigment 
can be found in Kupffer cells, macrophages, and hepatocytes. In hepatocytes, the iron is 
stored in the form of ferritin (ferric iron bound to protein apoferritin) (Popp and Cattley 1991). 
A spontaneous inherited predisposition for hepatic iron pigmentation has been reported in 
Sprague-Dawley rats (Masson and Roome 1997), and iron deposition can be found in the 
aging mouse liver (Harada et al. 1996). Iron can be demonstrated using Perls’ Prussian blue 
stain in which iron stains blue.
Hemosiderin slowly dissolves in acids, especially oxalic acid. Non-aldehyde fixatives can 
remove hemosiderin or alter it in such a way that reactions for iron are (false) negative 
(Churukian 2002). Malarial pigment is seen in hepatocytes and Kupffer cells of Plasmodium 
sp experimentally infected mice. It is the pigment from the organism and not hemosiderin.

Porphyrin pigment normally occurs in tissues only in small amounts and is a precursor of the 
heme portion of hemoglobin (Churukian 2002). Porphyrin deposition in the liver of rodents 
is found after administration of a number of compounds including griseofulvin where it can 
be seen in association with hepatocellular neoplasia (Stejskal et al. 1975; Zatloukal et al. 
2000; Knasmuller et al. 1997; Tschudy 1962). Griseofulvin administration in mice may result 
in inhibition of the mitochondrial enzyme ferrochelatase and (compensatory) induction of 
ALA synthetase. Griseofulvin-induced accumulation of porphyrins in mouse liver is followed 
by cell damage and necrotic and inflammatory processes (Knasmuller et al. 1997). Proto-
porphyrin pigment in liver of rats and mice is mainly found in the bile ducts and leads to 
bile duct proliferation and portal inflammation, but can also occur in hepatocytes, Kupffer 
cells, and portal macrophages (Hurst and Paget 1963). The birefringence of porphyrin appears 
to be associated with bilamellar components within the pigment (Stejskal et al. 1975). This 
pigment is also seen in combination with liver fibrosis and cirrhosis, bile duct proliferation, 
periportal inflammation, and hepatocarcinogenesis (Kanel and Korula 2005; Hurst and Paget 
1963; Greaves 2007; Rank, Straka, and Bloomer1990).
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Crystals (Figures 26-28)

Pathogenesis
Hyperlipidemia (cholesterol crystals), Chi313 (Ym1) protein (eosinophilic biliary crystals).

Diagnostic features
•	 Rhomboid or needle-like structures often birefringent under polarized light. 
•	 Needle-like crystals in the mouse can be intracellular or extracellular and may be  

associated with intense eosinophilic epithelial cytoplasm and extracellular crystals of 
various sizes. 

Differential diagnosis 
•	 Artifact - wispy blue hematoxylin deposits in clear spaces.

Comment
In hyperlipidemia, cholesterol crystals can deposit in the liver with or without granulomatous 
inflammation (Greaves 2007; Graewin et al. 2004; Handley, Chien, and Arbeeny 1983). During 
gall stone formation, in addition to classical rhomboid-shape monohydrate crystals, cholesterol 
can also crystallize transiently as needle-, spiral-, and tubule-shaped crystals of anhydrous 
cholesterol (Dowling 2000). Eosinophilic crystals have been described in intrahepatic bile 
ducts and gallbladder of different laboratory mice strains, and some of these crystals have 
been shown to contain chitinase-like proteins confirmed by immunohistochemistry for Ym1 
protein (now Chi313) (Ward et al. 2001; Harbord et al. 2002).

Crystal formation may be associated with inflammatory and/or proliferative bile duct changes 
and fibrosis in mice and may also occur spontaneously (Lewis 1984; Rabstein, Peters, and 
Spahn 1973; Enomoto et al. 1974). Numerous crystals can be demonstrated using a simple 
system of polarizing microscopy. Crystals are capable of producing plane-polarized light, thus 
showing birefringence.

Inclusions, Intranuclear & Cytoplasmic (Figures 29-32)

Synonyms
Inclusion bodies, intranuclear cytoplasmic invagination, acidophilic inclusions, globular bodies.

Pathogenesis
Protrusion of cytoplasm into an invagination of the hepatocyte nuclear membrane without 
the actual protrusion necessarily being present in the plane of section. Seen in specific viral 
infections. Deposition of protein material within hepatocyte cytoplasm.

Diagnostic features
•	 Intranuclear inclusions are round, distinct, usually eccentrically located, and may  

partially or almost completely fill the nucleus. 
•	 Contents of intranuclear inclusion bodies are often eosinophilic and may be granular  

or flocculent. 
•	 Intracytoplasmic inclusions are round to oval, homogenous, eosinophilic, and occur as 

single or multiple structures in the cytoplasm. 

Differential diagnosis
•	 Enlarged nucleolus - one or more deeply basophilic structures in normal size nuclei. 
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•	 Viral inclusion bodies (cytomegalic virus, experimental viral infections). 
•	 Cytoplasmic vacuole artifact - postmortem plasma influx (Li et al. 2003). 

Comment
Both intranuclear and intracytoplasmic inclusions are common findings in the aging mouse 
liver and may be seen in normal as well as neoplastic hepatocytes (Percy and Barthold 2001; 
Frith and Ward 1988; Irisarri and Hollander 1994). When the intranuclear inclusions represent 
invaginations of the cytoplasm into the nucleus, they may contain cytoplasmic organelles in 
electron micrographs (van Zwieten and Hollander 1997). Ultrastructurally, three types of cy-
toplasmic inclusions have been described: dense reticulated substance in the dilated cisternae 
of rough endoplasmic reticulum, fine granular substance in rough endoplasmic reticulum, and 
non-membrane bound dense granulofibrillar in the cytoplasm (Helyer and Petrelli 1978).

Kakizoe, Goldfarb, and Pugh (1989) have correlated the incidences of cytoplasmic inclusion 
with hepatocellular tumors in different mice strains. C57BL/6 mice are relatively more resist-
ant to hepatocarcinogens than C3H and C57BL/6 x C3H F1 mice. The tumors in the C57BL/6 
mice were unique in their early focal development of cells containing inclusions. The authors 
suggested that the higher incidence of inclusions in liver might be related to slowing of the 
tumor growth leading to lower incidence of hepatocellular tumors in C57BL/6 mice. Other 
types of intracytoplasmic inclusions such as Mallory bodies, lamellated, and crystalloid inclu-
sions have been described in mice treated with different chemicals and in lysosomal storage 
diseases (Gebbia et al. 1985; Meierhenry et al. 1983; Rijhsinghani et al. 1980; Shio et al. 1982).

Cytoplasmic vacuoles can occur in hepatocytes and endothelial cells in a postmortem time- 
dependent manner in fasted and non-fasted rats (Li et al. 2003). This artifact is especially 
common in rats that are not exsanguinated at necropsy and the cytoplasmic vacuoles 
represent plasma influx into to affected cells (Figure 33). This artifact is more common in 
males than in females.

Hypertrophy, hepatocellular (Figures 34-41)

Synonyms
Hepatocytomegaly.

Pathogenesis
Metabolic enzyme induction causing increase in endoplasmic reticulum; increase in 
peroxisomes; increase in mitochondria.

Diagnostic features
•	 Enlarged hepatocytes may be tinctorially distinct. 
•	 Cytoplasm may be homogeneous or granular. 
•	 Zonal pattern of distribution (centrilobular, periportal, midzonal) may be present. 
•	 Involving most or all lobules. 
•	 Loss of hepatocellular plate architecture is possible. 
•	 Sinusoidal compression. 
•	 Concurrent degeneration and/or single cell necrosis is possible. 

Differential diagnosis
•	 Hepatocellular neoplasia - expansile mass with altered growth pattern; loss of lobular 

structure. 
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•	 Regenerative hyperplastic nodules - altered growth pattern; distorted lobular pattern. 
•	 Foci of cellular alteration - usually a discrete collection of cells within the hepatic 

parenchyma. 
•	 Hepatocellular degeneration - affected cells have increased cytoplasmic granularity 

and eosinophilia. 
•	 Hepatocellular storage disease. 
•	 Polyploidy - enlarged nuclei and/or binuclear hepatocytes are often associated with 

increased cytoplasmic volume. 

Comment
Hepatocellular hypertrophy, secondary to increase in microsomal enzymes often occurs 
with a zonal or specific lobular pattern and commonly occurs following exposure to enzyme 
inducing xenobiotics. There is enlargement of the hepatocyte cytoplasm secondary to 
increase in the cytosolic protein or number of organelles (e.g., smooth endoplasmic reticulum, 
peroxisomes, mitochondria). Classically hepatocyte hypertrophy occurs without increase in 
hepatocyte numbers or DNA (i.e., hyperplasia or polyploidy), however, combinations with 
increased mitoses do occur (e.g., PPAR-alpha agonists).

Hepatocellular hypertrophy following enzyme induction is considered an adaptive response 
to chemical stress. Strain differences in responsiveness occur. While typically an adaptive 
response, excessive hypertrophy from enzyme induction of hypertrophy can lead to 
hepatocellular degeneration and necrosis. Hepatocellular hypertrophy may be associated with 
increase in absolute liver weights. Enzyme induction leading to hepatocellular hypertrophy 
may be accompanied by some evidence of transient mitogenesis. Hypertrophy that is 
panlobular may be difficult to appreciate histologically because the contrast provided by a 
sublobular pattern is not evident. In some cases, hepatocyte hypertrophy related to metabolic 
enzyme induction may not be evident to the pathologist when liver weight increase is small 
for a group, for example, less than 20%.

Hepatocellular Atrophy (Figures 42 and 43)

Pathogenesis
Inanition, starvation, hemodynamic changes, or pressure atrophy from neoplasia.

Diagnostic features
•	 Decreased size of hepatocytes. 
•	 Small liver trabeculae with decreased cytoplasmic volume, close proximity of hepatocyte 

nuclei, close proximity of portal tracts, and increased basophilia. 
•	 Hepatocyte nuclei may be smaller than normal. 
•	 May have a zonal distribution. 
•	 May be associated with hepatocellular degeneration and/or single cell necrosis. 
•	 May be associated with increased sinusoidal size. 
•	 Depletion of cytoplasmic glycogen. 

Differential diagnosis 
•	 Shrinkage artifact - retraction of softer tissue from firmer tissue. 
•	 Artifact of fixation or processing - poorly stained tissue with loss of normal structure.

Comment
Hepatocellular atrophy can be caused by a number of factors such as inanition, starvation, 
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hemodynamic changes, or pressure atrophy from neoplasia (Yu et al. 1994; Gruttadauria et al. 
2007; Belloni et al. 1988). Hepatocyte atrophy may be associated with decrease in absolute 
liver weights in rats (Belloni et al. 1988). Ultrastructurally atrophic hepatocytes have reduced 
amounts of glycogen and decreased numbers of mitochondria.

Degeneration

Introduction
In the diagnostic lexicon, degeneration is a nonspecific diagnosis that provides limited useful 
information unless qualified to reflect the dominant morphological features. It is often at the 
borderline between adaptation with resolution back to normal structure and function and 
inability to adapt leading to cell death. In human clinical medicine degenerative disease most 
often refers to chronic debility involving organs and tissues that slowly accumulate damage 
over time. In rodent studies, degeneration may also be applicable to chronic debility, but 
more often it is used to reflect acute or chronic cytological alterations with characteristic 
morphological features. Combinations of different degenerative features may occur with or 
without inflammation and/or necrosis. 

Based on H&E-stained sections, distinction between different forms of degeneration, 
hepatocellular hypertrophy secondary to enzyme induction, other forms of hepatocellular 
enlargement such as glycogen accumulation/retention, and even early necrosis (a.k.a. 
onconosis) may be difficult. In some cases special stains may be required to more clearly 
delineate the nature of the cytologic alteration. Based strictly on H&E staining, a descriptive 
diagnosis of cytoplasmic alteration is recommended in lieu of interpretative diagnosis such 
as granular degeneration and hyaline degeneration. However, there are some degenerative 
lesions, such as hydropic degeneration and cystic degeneration that are more clearly 
established in traditional pathology literature. The preferred diagnosis will be influenced by  
25 morphological features, conventional pathology practice, and the experience of the 
pathologist.

Glycogen accumulation in hepatocytes is a type of cytoplasmic alteration manifested on H&E-
stained paraffin sections as clear spaces in the cytoplasm and a centrally located nucleus. 
Intracellular accumulation of glycogen is a normal physiological response following food 
ingestion. Since rodents eat primarily in the evening hours, the largest amount of glycogen 
will be present during early morning hours. Intrahepatocyte glycogen is mobilized throughout 
the day, initially being removed from centrilobular hepatocytes. Consequently the amount 
present varies depending upon whether the animals were fasted and on the time of necropsy 
during the day. Failure to accumulate glycogen because of inanition or abnormal glycogen 
retention may result from treatment-induced metabolic perturbations.

Cytoplasmic Alteration (Figure 44)

Synonyms
Cytoplasmic alteration, cytoplasmic change, granular change, granular degeneration, hyaline 
degeneration, glycogen accumulation; ground glass change.
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Pathogenesis
Often xenobiotic-induced and may be associated with other forms of liver damage.

Diagnostic features
•	 Affected cells may show increased cytoplasmic granularity, cell swelling, and eosinophilia.

Differential diagnosis
•	 Artifact of fixation or processing - poorly stained tissue with loss of normal structure. 
•	 Hepatocyte hypertrophy - cytoplasmic volume increased with uniform finely granular tex-

ture; usually associated with microsomal enzyme induction or peroxisome proliferation. 
•	 Cytoplasmic vacuole artifact - postmortem plasma influx. 
•	 Coagulation necrosis - loss of cytoplasmic and nuclear detail. 

Comment
What has been described as granular degeneration can be seen in combination with other 
forms of liver damage (e.g., necrosis, hydropic degeneration, inflammation) (Huang et al. 
2007; Gokalp et al. 2003; Datta et al. 1998; Xu et al. 1992; Aydin et al. 2003). Hepatocellular 
granularity may be due to swelling of cell organelles or increase in the numbers of cell 
organelles including peroxisomes, mitochondria, and smooth endoplasmic reticulum. Some 
pathologists do not consider granular degeneration to be a distinct entity and do not include 
it in their diagnostic lexicon. 

Hyaline degeneration has been described by a number of authors, sometimes in combination 
with Mallory body formation (Gonzalez-Quintela et al. 2000; NTP Toxicology and Carcino-
genesis Studies Ethylene Glycol 1993; Peters et al. 1983; Bruni 1960; Shea 1958; Omar, Elm-
esallamy, and Eassa 2005; Lin et al. 1996), but is rarely used as a separate description since 
a combination of findings is often present. Cytoplasmic alteration reflecting plasma influx is 
an artifact seen in non-exsanguinated rats in a postmortem time-dependent manner (Li et al. 
2003) (see Figure 33). 

Degeneration, Hydropic (Figure 45)

Synonyms
Cytoplasmic alteration, cytoplasmic change, hydropic change, cloudy swelling.

Pathogenesis
Intracytoplasmic fluid accumulation secondary to disturbance of cell membrane integrity.

Diagnostic features
Cytoplasmic vacuolation and “ballooning” with a centrally located nucleus. 
Lobular location may be centrilobular or periportal with increased clear cell change and cell 
swelling. 

Differential diagnosis 
•	 Cytoplasmic vacuole artifact - postmortem plasma influx. 
•	 Glycogen accumulation - hepatocytes not markedly enlarged; cytoplasmic clear 

areas are irregular. 
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Comment
Because of disturbance of the cell membrane integrity, accumulation of intracytoplasmic fluid 
may occur. This causes vacuolation and “ballooning” of cells. This change can be caused be a 
number of xenobiotics with differing lobular localization and may be a precursor to hepatocyte 
necrosis (Gkretsi et al. 2007; Wang et al. 2007; Peichoto et al. 2006; Matsumoto et al. 2006; 
Chengelis 1988). 

Degeneration, Cystic (Figure 46 and 47) 

Synonyms
Spongiosis hepatis (traditional diagnostic term preferred by many pathologists). 

Pathogenesis
Cystic enlargement of perisinusoidal stellate cells (Ito cells) particularly observed in aging rats. 

Diagnostic features
•	 Multi-loculated cyst(s) lined by fine septa containing fine flocculent eosinophilic material 

(PAS-positive). 
•	 The cysts are not lined by endothelial cells and do not compress the surrounding liver 

parenchyma. 
•	 May be accompanied by occasional erythrocytes or leukocytes. 
•	 May be observed within altered hepatic foci and liver tumors. 
•	 Affected cells may be markedly enlarged. 

Differential diagnosis 
•	 Angiectasis (Peliosis hepatis; vascular ectasia) - dilated endothelial lined vascular spaces 

that often contain blood cells. 
•	 Sinusoidal dilatation - sinusoidal structure evident and spaces lined by endothelial cells. 
•	 Necrosis - loss of nuclear and cytoplasmic detail and loss of stain affinity. 
•	 Hemangioma - expansile structure lined by flattened endothelial cells; may be associated 

with parenchymal compression. 
•	 Hemangiosarcoma - expansile mass lined by plump endothelial cells and/or layers of 

endothelial cells and associated with destruction of hepatic parenchyma. 

Comment
Spontaneous and xenobiotic-induced cystic degeneration/spongiosis hepatis may occur in 
rats (Karbe and Kerlin 2002; Bannasch 2003; Babich et al. 2004; Newton et al. 2001). It is more 
common in aging rats with some male predilection. It is less common in mice. This lesion may 
be seen in or associated with other hepatic lesions (necrosis, regeneration; foci of cellular 
alteration; hepatocellular neoplasms). The pathogenesis is not fully understood (Bannasch, 
Block, and Zerban 1981; Karbe and Kerlin 2002).

Cell Death (Necrosis, Apoptosis)

Introduction
In the fully developed organism, cell death is the ultimate result of irreversible cellular injury. 
Cellular death in the liver is manifested by a spectrum of morphological patterns that can 
occur alone or in combinations. However, there are two primary manifestations of cell 
death: necrosis and apoptosis. For decades a form of necrosis involving individual isolated 
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hepatocytes has been diagnosed as “single cell necrosis”. This particular change is now 
regarded as “apoptosis” by most pathologists (Levin 1999; Levin et al. 1999; Elmore 2007) 
when the majority of injured cells have the typical apoptotic morphology. Provided that there 
is no accompanying inflammatory reaction, the two terms are synonymous. However, since 
a diagnosis of “apoptosis” implies a specific sequence of biochemical and morphological 
events and should ideally be supported by electron microscopy, it may be more prudent to 
diagnose single cell necrosis unless there is definitive proof of apoptosis provided by electron 
microscopy (Levin et al. 1999). It can be mentioned in the pathology narrative that the 
observed “single cell necrosis” is morphologically consistent with “apoptosis”.

Pathogenesis
Direct or indirect cellular damage, including anoxia. Apoptosis (a.k.a., single cell necrosis) can 
occur spontaneously in liver and may also be exacerbated or induced by treatment.

Single Cell Necrosis (Apoptosis) (Figures 48-50)

Diagnostic features
•	 Affected hepatocytes may have condensed hyper-eosinophilic cytoplasm and a some-

what angular outline. 
•	 Not associated with an inflammatory response unless there is simultaneous necrosis. 
•	 May occur spontaneously with one or two affected hepatocytes present in an occasional 

hepatic lobule. 
•	 May be exacerbated by treatment. 
•	 In standard H&E-stained sections, apoptotic hepatocytes (apoptotic bodies) are usually 

rounded with condensed cytoplasm. 
•	 Rounded apoptotic bodies are typically surrounded by a clear halo. 
•	 Fragments of nuclear material may be present within affected cells. 
•	 Apoptotic bodies are frequently phagocytosized by adjacent normal cells including 

hepatocytes and macrophages. 

Differential diagnosis
•	 Small foci of necrosis - typically cells are swollen and there is loss of membrane.
•	 integrity; usually not rounded; less intensely stained than apoptotic bodies; may be 

accompanied by inflammatory cells.

Comment
Apoptosis is a form of genetically controlled “programmed cell death.” Microscopically in 
H&E-stained tissue sections, apoptosis appears as dense eosinophilic shrunken cell bodies 
with maintenance of membrane integrity, nuclear fragmentation and cytoplasmic budding, 
and without an inflammatory response. Definitive diagnosis of apoptosis can be made by 
histological findings and confirmed by distinctive electron microscopic features. Consequently, 
use of a diagnosis of “single cell necrosis” is appropriate based strictly on H&E staining. 
The use of TUNEL kits or caspase immunostaining may assist in diagnosing apoptosis and 
enumerating affected cells, but necrosis may also be immunopositive. Inhibition of apoptosis 
also plays a key role in the process of carcinogenesis (Foster 2000). Although apoptosis can be 
observed spontaneously in the liver, certain chemicals may be able to trigger direct stimulation 
of pro-apoptotic pathways in hepatocytes (Feldman 1997; Reed 1998). Apoptosis can also 
accompany treatment-related zonal necrosis in the liver, especially in situations where there 
may be a xenobiotic-induced effect (Cullen 2005; Greaves et al. 2001).
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While apoptosis represents a specific genetically programmed form of cell death unaccompa-
nied by an inflammatory response, there are situations where small numbers of cells and even 
occasional single cells characterized by cell swelling can undergo necrosis without an inflam-
matory response. This represents an early stage of conventional necrosis, may occur within 
hours after exposure to a xenobiotic, and should not be diagnosed as single cell necrosis (ap-
optosis). A more appropriate diagnosis for this situation is focal necrosis (see the following).

Necrosis, Focal/Multifocal (Figures 51-53)

Diagnostic features
•	 Single or multiple foci of a few pale staining hepatocytes. 
•	 Usually retain normal morphological outline. 
•	 May be associated with inflammation. 
•	 May have an irregular distribution but can also occur in the subcapsular areas with minimal 

or no inflammation. 
•	 Early lesions typically consist of three or four hepatocytes, but as the lesions progress 

more hepatocytes may be involved. 
•	 Subcapsular necrosis may sometimes be observed in combination with hypertrophy. 

Differential diagnosis 
•	 Foci of extramedullary hematopoiesis - mature and/or immature erythroid and myeloid 

cell aggregates without accompanying hepatocyte necrosis. 
•	 Foci of inflammatory cell infiltrate - aggregates of cells, usually mononuclear cells, in 

absence of obvious hepatocellular necrosis. 
•	 Infectious disease (MHV, Ectromelia, Clostridium pilliforme, Helicobacter hepaticus, Parvo 

virus, Noro virus) - a spectrum of acute to chronic active inflammation, degenerative, and 
proliferative changes specific for the infectious disease entity. 

Comment
Some pathologists use focal for both focal and multifocal, referring to the nature of the lesion 
rather than its actual distribution. A severity grade can be used to reflect the multifocal nature 
of the lesion. Focal, multifocal, and subcapsular necrosis is occasionally seen in untreated 
rodents and may be a terminal event potentially due to hypoxic change secondary to impaired 
blood flow. Subcapsular necrosis has also been reported from direct pressure secondary to 
gastric distention and from some types of restraint (Parker and Gibson 1995; Nyska et al. 
1992).

Necrosis, Zonal (Centrilobular, Midzonal, Periportal, Diffuse)

Pathogenesis
Secondary to direct or indirect damage from xenobiotic exposure; tissue anoxia.

 Centrilobular (Figures 54-59)

  Sometimes referred to as periacinar necrosis, it consists of irreversible cell death of 
centrilobular hepatocytes and is often seen after anoxia, or exposure to tannic acid, 
chloroform, or other hepatotoxic agents (Gopinath, Prentice, and Lewis 1987). This 
zone (Rappaport zone 3) is particularly vulnerable to ischemic damage because of 
its low oxygen gradient and generation of toxic metabolites due to high content of 
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xenobiotic metabolizing enzymes (Comporti 1985; Walker, Racz, and McElligott 
1985).

 Diagnostic features
•	 Early necrotic hepatocytes are swollen. 
•	 Cytoplasm has increased eosinophilia. 
•	 Nucleus undergoing lysis, not pyknosis. 
•	 May have a minimal associated inflammatory reaction. 
•	 Can be accompanied by glycogen depletion, hydropic degeneration, fatty 

change, hemorrhage, and “ballooning” of hepatocytes. 

 Midzonal (Figures 60-61) 
  
  This necrosis is the least common form of zonal necrosis and is mediated by specific 

toxicants (e.g., furan, concavalin-A, beryllium) (Wilson et al. 1992; Boyd 1981; 
Seawright 1972; Satoh et al. 1996; Cheng 1956). The location is considered specific 
and has a metabolic basis.

 Diagnostic features
•	 Seen as a band of swollen and eosinophilic cells intermediate to the central vein 

(zone III) and the portal triad (zone I). 
•	 Nucleus undergoing lysis. 
•	 Two to three cells in thickness in the middle of the lobule. 

 Periportal (Figure 62) 
 
  Hepatic necrosis in the periportal zone is observed following a variety of agents (e.g., 

phosphorus, ferrous sulphate, allyl alcohol) (Kanel and Korula 2005; Atzori and Congiu 
1996; Sasse and Maly 1991). Affected cells may encircle the portal tract (Popp and 
Cattley 1991) and may be associated with inflammatory and other changes (Ward, 
Anver, et al. 1994; Ward, Fox, et al. 1994; NTP Technical Report on the Toxicology 
and Carcinogenesis Studies of a Binary Mixture 2006; NTP Technical Report on the 
Toxicology and Carcinogenesis Studies of 2, 3, 7, 8-tetracholorodibenzo-p-dioxin 
2006). 

 Diagnostic features
•	 Swollen and/or eosinophilic hepatocytes may completely encircle the portal tract. 
•	 Nucleus undergoing lysis. 
•	 May be accompanied by periportal inflammation, fibrosis, bile duct proliferation, 

and oval cell hyperplasia. 

 Diffuse (Figures 63 and 64)

 Synonym
 Massive necrosis, panlobular necrosis.

 Diagnostic features
•	 Necrosis involving a large portion of a liver lobe. 
•	 May be associated with torsion of a liver lobe. 
•	 May be randomly distributed throughout the liver without a specific lobular 

localization. 
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 Differential diagnosis
•	 Autolysis - loss of microscopic tissue structure and stain affinity; pale eosinophilic 

staining and absence of nuclear detail. 
•	 Torsion of a liver lobe - Affects an entire liver lobe, loss of microscopic structure. 
•	 Infarction - usually an angularly shaped wedge or area of tissue necrosis; may be 

associated with a nearby thrombus. 

 Comment
  Zonal necrosis is typically associated with exposure to xenobiotics that either 

directly damage hepatocytes or cause damage following metabolic activation by 
endogenous or induced enzymes. There is often a concentration gradient within 
the hepatic lobule with more extensive lobular involvement associated with higher 
doses of the toxic agent.

  Hepatocellular necrosis can occur spontaneously in rodents or be induced by 
xenobiotics, toxins, or following treatment at high dosages with associated tissue 
anoxia, circulatory derangements and biliary stasis. Necrosis (centrilobular, midzonal, 
periportal) might be accompanied by other histological changes (fatty change, 
congestion, hemorrhage, inflammation, bile stasis, fibrosis, etc.) to form a myriad 
of pathological changes. The distribution might also cross certain zones and may 
manifest as “bridging necrosis” showing confluence of the lesions (e.g., central to 
central veins, portal tract to portal tract, or portal tract to central zones). Bridging 
necrosis may ultimately give rise to bridging fibrosis. 

  A specific form of necrosis, “piecemeal necrosis,” is characterized by necrosis of the 
limiting plate of the portal tract at the interface of hepatocytes and connective tissue 
of the portal tract, usually accompanied by inflammation, can be immune-mediated, 
and is seen in mice with resemblance to chronic active hepatitis in man (Kitamura et 
al. 1992; Nonomura et al. 1991; Kuriki et al. 1983). 

Karyocytomegaly and/or Multinucleated Hepatocytes (Figures 65 and 66) 

Synonyms
Karyocytomegaly, multinucleated hepatocytes, binucleated hepatocytes, karyomegaly, 
nuclear hypertrophy, hepatocytomegaly, polyploidy, anisonucleosis, anisokaryosis.

Pathogenesis 
Duplication of nuclear material in absence of cytokinesis. Variations in nuclear size and ploidy 
(karyomegaly and/or anisokaryosis) are common in aging rodents. 

Diagnostic features
•	 Hepatocytes with either two or more nuclei or with a single enlarged nucleus which may 

be tetraploid or octaploid. 
•	 Polyploid hepatocytes are frequently larger than adjacent diploid hepatocytes. 
•	 Anisokaryosis is randomly distributed in the hepatic lobule with more affected hepatocytes 

in the centrilobular region. 

Differential diagnosis 
•	 Hepatocellular neoplasia - mass or expansile proliferation of hepatocytes with distortion 

or loss of lobular architecture. 
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•	 Hepatocellular hypertrophy (enzyme induction) - increase in cytoplasmic volume not 
typically associated with increased nuclear size or number. 

Comment
Karyocytomegaly is a reflection of hepatocyte polyploidy that occurs when there is duplication 
of nuclear material in the absence of cytokinesis. The result is an increase in the number of 
diploid nuclei per hepatocyte or an increase in the ploidy level of a single hepatocyte nucleus. 
Polyploidy increases with age in some strains of mice as well as following some treatment 
regimens resulting in hepatocytomegaly as well as karyomegaly (Harada et al. 1996). 
Variations in cell size as well as in nuclei and polyploidy are also common in aging rats of 
different strains. Karyomegaly and anisokaryosis are normal incidental findings, especially in 
older mice (Percy and Barthold 2001). Increase in cell size (cytomegaly) may accompany the 
increase in hepatocyte ploidy. Anisokaryosis (inequality in size of nuclei) is more common and 
dramatic in mice than in rats. 

The development of polyploidy and its pattern vary among strains. C3H and DBA mice more 
commonly have octaploid cells with two tetraploid nuclei in adult liver while NZB and the 
out-bred strain NMRI at the corresponding age show a higher proportion of diploid cells with 
strikingly low proportions of tetraploid cells. Polyploidy has been observed in the early life 
(three weeks) in Ercc1 null mice. This premature polyploidy in Ercc1-deficient liver is most 
likely caused by increased levels of p21 in response to accumulating DNA damage (Chipchase, 
O’Neill, and Melton 2003). Toxic injury caused by chemicals such as phenobarbitone (Martin 
et al. 2001) and partial hepatectomy also induce an increase in ploidy, usually associated with 
extensive but transient hepatocyte proliferation (Gerlyng et al. 1993).
Although anisonucleosis (polyploidy) is known to occur as an age-related phenomenon, the 
nuclear and cellular changes can also be induced by xenobiotics (Schoental and Magee 1959; 
Jones and Butler 1975; Singh et al. 2007; Nyska et al. 2002; Guzman and Solter 2002; Lalwani 
et al. 1997; Travlos et al. 1996; Kari et al. 1995; Herman et al. 2002). In addition, multinucleated 
cells (formed by cell fusion rather than division) can be formed in rats after administration of 
2, 3, 7, 8-tetrachloro-dibenzo-p-dioxin (Gopinath, Prentice, and Lewis 1987; Jones and Butler 
1975). Eosinophilic cytoplasmic inclusions may be seen in affected hepatocyte nuclei because 
of cell membrane invaginations.
 

Cysts, Biliary (Hepatic Vysts) (Figures 67-69) 

Pathogenesis
More common in aging animals occurs as a dilation of biliary structures. 

Diagnostic features
•	 Range in size from small to very large. 
•	 Single or multiple cysts. 
•	 Macroscopically may contain clear to pale yellow fluid. 
•	 May occur anywhere in the liver and may be unilocular or multilocular. 
•	 Multilocular cysts are divided into variably sized compartments by partial or complete 

connective tissue septa. 
•	 Cyst walls are characteristically lined by flattened to cuboidal epithelium. 
•	 May be mild compression of adjacent hepatic parenchyma.

Differential diagnosis
•	 Cystic degeneration - consists of markedly enlarged cells with finely flocculent pale 
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eosinophilic cytoplasm.
•	 Angiectasis (Peliosis hepatis) - dilated vascular spaces lined by endothelial cells; may 

contain blood cells.
•	 Bile duct dilation - dilated bile ducts lined by cuboidal epithelium; not multiloculated.
•	 Parasitic cyst - may have thickened wall and contain parasite tissue.
•	 Cholangioma - may cause compression of adjacent parenchyma and spaces lined by 

more endothelial cells than in biliary cysts.

Comment 
Biliary cysts are commonly seen in older rats (Burek 1978; Greaves 2007; Harada et al. 1999). 
Solitary cysts can be observed without major adjacent morphology changes of the surrounding 
tissue. However, depending on the location, adjacent parenchyma may contain pressure 
atrophy of the hepatic cords of the liver, fibrosis, hemosiderin deposition, proliferation of bile 
ducts, or periportal lymphocytic infiltration. Single cysts are often caused by cystic dilatation 
of the intrahepatic bile ducts (Sato et al. 2005). Multiple cysts are observed also in hepatic 
polycystic disease, where they occur alone or in combination with polycystic kidney disease 
(Masyuk et al. 2004, 2007). They are often referred to as simple or multiloculated biliary cysts 
(Goodman et al. 1994). Polycystic liver can be observed in the rat (Muff et al. 2006; Sato 
et al. 2006) and hamster (Percy and Barthold 2001), resembling Caroli’s disease in humans 
(Clemens et al. 1980; Numan et al. 1986; Serra, Recalde, and Martellotto 1987). The cysts seen 
in polycystic disease are multiple and seen diffusely throughout the liver and are of variable 
size but generally large compared to the smaller biliary cysts. 

5.3. Inflammatory Cell Infiltrates and Hepatic Inflammation (Hepatitis) 

Introduction 

A variety of focal, multifocal, and more generalized infiltrations of inflammatory cells are 
frequently present in liver tissue. Changes range from acute inflammatory cell infiltrate(s) 
or occasional aggregates of lymphocytes/lymphohistiocytic cells/foci of mononuclear cells 
without associated alterations of adjacent hepatocytes, to large panlobular patches of distinct 
hepatocyte necrosis accompanied by polymorphonuclear and mononuclear (lymphocytes, 
plasma cells, macrophages) cellular infiltrates. “Mononuclear cell” can be used when there is a 
mixture of cell types (lymphocytes; less often macrophages and plasma cells) or the cell type is 
mononuclear but cannot be unequivocally identified in H&E stain. If a cell type predominates, 
then the infiltrate should be classified as lymphocytic, plasmacytic, or histiocytic. While 
etiological agents (e.g., bacteria, virus, parasite) may be present, in most safety assessment 
studies the causes of significant inflammation are either cryptic or are attributed to a specific 
treatment regimen. Inflammatory reactions in the liver may be accompanied by oval cell and 
fibroblast proliferation and the propensity for hepatocellular proliferative responses to replace 
lost parenchyma. 

It is recommended that use of the diagnostic term “inflammation” for the liver should be used 
sparingly. Liver inflammation (hepatitis) is operationally defined as a constellation of changes 
that represent a severe and generalized liver reaction and would require multiple diagnostic 
terms to adequately characterize (Figure 70). This type of reaction is not typically encountered 
in conventional rodent toxicity studies. 
Traditionally, hepatic inflammatory responses have been classified as acute, subacute, chronic, 
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granulomatous, and so on. These terms are somewhat interpretative, lack precise definitions, 
vary depending upon study duration, usually do not consist of a singular cell type, and do not 
have exclusive pathognomic features. A more descriptive approach is recommended and can 
be qualified by lesion distribution or use of subclassification and discretionary qualifiers (see 
diagram below).

A descriptive approach for classifying inflammatory responses in the liver. Infiltration, 

Infiltration, Cell Type
(Neutrophil, Lymphocyte, Histiocyte, Etc.)

Distribution

Focal
Multifocal

Diffuse

Subclassification and Discretionary
Qualifiers

Centrilobular
Midlobular

Periportal Peribiliary

Severity Grade
Acute, Subacute,

Chronic,
Granulomatus

and /
or

and /
or

Inflammatory Cell

Pathogenesis
Infiltration of different inflammatory cells is typically a response to parenchymal cell death with 
causes ranging from infectious agents, exposure to toxicants, generation of toxic metabolites, 
and tissue anoxia.

Infiltration, Neutrophil (Figure 72)

Synonym
Inflammation, acute; acute inflammatory cell infiltrate(s), focus/foci of acute inflammatory 
cells; aggregate(s) of acute inflammatory cells.

Diagnostic features
•	 Predominantly neutrophilic (and in some specific types of experiments, eosinophilic)  

cells present as focal aggregates often associated with dying hepatocytes or at the 
periphery of large areas of hepatocyte necrosis. A few lymphocytes and occasional 
macrophages may be present. 
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•	 Infiltrating cells are usually focal or multifocal. 
•	 Necrosis of scattered individual cells or small clusters of cells without associated  

infiltrating neutrophils may also be present in some areas. 
•	 Can be associated with whole regions of contiguous affected lobules and confluent  

hepatic necrosis extending between adjacent lobules (bridging hepatic necrosis). 
•	 Hemorrhage may be associated with larger lesions. 
•	 Oval cell proliferation may be present. 

Differential diagnosis
•	 Foci of extramedullary hematopoiesis - mature and/or immature erythroid and myeloid 

cell aggregates without accompanying hepatocyte necrosis. 
•	 Granulocytic leukemia - hepatic parenchyma infiltrated and replaced by a monomorphic 

population of neutrophils or neutrophil precursors. 
•	 Chronic inflammation - inflammatory cells include primarily mononuclear cell (largely 

lymphocytes, macrophages) and may include fibrosis and oval cell hyperplasia. 

Comment
While neutrophilic infiltration in the liver is primarily a response to liver cell injury and necrosis, a 
few lymphocytes or macrophages may also be present. In addition, foci of neutrophils without 
apparent hepatocyte necrosis may be present, especially in situations of a transient effect on 
the liver. In florid reactions, areas of necrosis include degenerating neutrophils admixed with 
the necrotic hepatic parenchymal cells. 
The extent of parenchymal cell death eliciting inflammatory cell infiltration varies from 
minimal microfocal lesions to large patches of coagulation necrosis encompassing multiple 
contiguous lobules. For xenobiotic-induced cell death and inflammation, the severity of the 
lesions is often a function of the dose of the hepatotoxicant. Apoptotic cell death may occur 
along with conventional necrosis. Depending upon etiology, acute inflammation can have a 
specific lobular distribution with the possibility of portal or centrilobular bridging between 
adjacent lobules. 

Infiltration, Mononuclear (Figures 73-79)

Synonyms
Inflammation, chronic; mononuclear cell aggregates; inflammation, granulomatous, focus/
foci of mononuclear cells.

Pathogenesis
Persistent noxious stimuli associated with infection, toxic xenobiotics, continued low level 
parenchymal cell death, and immune mediated effects.

Specific subtypes may include: Infiltration, lymphocytes; Infiltration, histiocytes (monocytes); 
Infiltration, plasma cells.

Diagnostic features
•	 Infiltrating cells include lymphocytes, plasma cells, macrophages, and occasionally  

multinucleated giant cells. 
•	 Infiltrating cells may be focal, multifocal, or diffuse in distribution. 
•	 Randomly distributed aggregates of mononuclear cells (primarily lymphocytes without 

any accompanying hepatocyte degeneration or necrosis may be common in older 
animals. 
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•	 Periportal aggregates of predominantly lymphoid cells in portal areas may be present. 
•	 Evidence of liver cell necrosis may be minimal to mild with degeneration of scattered cells. 
•	 Mononuclear cells with disruption of the limiting plate often infiltrate portal tracts. 
•	 Bile duct hyperplasia may be present in some portal areas. 
•	 An increase in mononuclear cells within sinusoids may be seen. 
•	 Some capsular fibrosis and periportal fibrosis may be present. 
•	 There may be evidence of hepatocellular regeneration. 

Differential diagnosis
•	 Histiocytic sarcoma - hepatic parenchyma infiltrated and replaced by collections of 

histiocytic cells that can be pleomorphic. 
•	 Lymphoma - hepatic parenchyma infiltrated and replaced by a monomorphic population 

of lymphoid cells. 
•	 Early lymphoma may mimic age-associated focal aggregates of lymphoid cells. 
•	 Foci of extramedullary hematopoiesis - mature and/or immature erythroid and myeloid 

cell aggregates without accompanying hepatocyte necrosis. 
•	 Viral hepatitis - may be difficult to distinguish from chronic (active) inflammation; evidence 

of a viral etiology can be supportive. 

Comment 
Mononuclear cell infiltration spans a wide spectrum of morphological features and severities 
depending upon the extent and duration of liver damage and any ongoing regenerative 
response. In distinction from acute inflammation, there are typically fewer neutrophils seen 
in chronic lesions and there is more involvement of portal areas with infiltrating mononuclear 
cells and disruption of limiting plates. Granulomatous inflammation with characteristic 
focal or multifocal nodular collections of mononuclear epitheloid cells and occasional giant 
cells associated with areas of hepatocyte necrosis can be considered a specific subtype of 
mononuclear cells infiltration and part of the spectrum comprising chronic inflammation of 
the liver (Figures 74-77). Some pathologists consider granulomatous inflammation of the liver 
to be a form of chronic inflammation when there is a prolonged duration with predominant 
presence of epitheloid cells/macrophages and prefer to address the fact that there may be 
areas containing mononuclear epitheloid cells and multinucleated giant cells in the chronic 
inflammatory process in an accompanying narrative. Fatty material and cholesterol deposits 
may accumulate in some granulomatous inflammatory reactions. Such localized accumulations 
of abundant cholesterol have been referred to as cholesterol granulomas (Figures 78 and 79). 

When only few isolated collections of mononuclear cells are present, some pathologists 
may diagnose them as focal mononuclear cell aggregates. These focal accumulations are 
considered by some to be a background lesion, and for these aggregates using the cell type 
in the diagnosis, instead of inflammation or inflammatory cell infiltrate, may be preferable and 
less misleading. The frequency of these mononuclear cell aggregates may be exacerbated by 
treatment. Helicobacter sp. and murine norovirus infections in mice may cause these incidental 
lesions.

Infiltration, Mixed (Figure 80)

Synonym
Infiltration, purulent, and mononuclear; chronic active inflammation; mixed inflammatory cell 
focus/foci.
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Diagnostic features
•	 Infiltration of mononuclear cells along with neutrophils. 
•	 Areas of active hepatocellular degeneration and/or necrosis often present. 
•	 Evidence of hepatocellular regeneration may be present. 
•	 Intralobular distribution is often random. 
•	 May have diagnostic features common for both neutrophilic and mononuclear infiltration 

(see previous). 

Differential diagnosis 
•	 Histiocytic sarcoma - hepatic parenchyma infiltrated and replaced by collections of 

histiocytic cells that can be pleomorphic. 
•	 Lymphoma - hepatic parenchyma infiltrated and replaced by a monomorphic population 

of lymphoid cells. 

Comment
Some pathologists consider a combined neutrophilic and mononuclear inflammatory cell 
infiltration as chronic active inflammation. This type of response is suggestive that the adverse 
stimulus is still present and/or that the immune system is active. Others may consider chronic 
active inflammation simply as a form of chronic inflammation with areas of neutrophilic 
infiltration in the inflammatory process and prefer to address that in their accompanying 
pathology narrative. A combined neutrophilic and mononuclear infiltrate (chronic active 
inflammation) is a common response found in mice chronically infected with Helicobacter 
hepaticus. 

Infiltration, peribiliary (intrahepatic) (Figure 81) 

Pathogenesis
Age associated change that may be exacerbated by treatment. 

Diagnostic features 
•	 Peribiliary aggregates of inflammatory cells affecting a few to many portal areas. 
•	 Sometimes accompanied by fibrosis. 
•	 May be associated with some degree of bile duct hyperplasia. 

Differential diagnosis 
•	 Cholangiofibrosis - proliferative and metaplastic biliary response plus fibrosis extending 

into the hepatic parenchyma; may be subcapsular.

Comment
A minimal to moderate peribiliary inflammatory cell infiltration consisting primarily of 
mononuclear cells can occur commonly in the livers of rats and mice and increases in 
incidence with animal age. Persistent obstruction to biliary flow may also lead to bile duct 
inflammation in hepatic portal areas. Although this background lesion may be considered a 
subtype of mononuclear cell infiltration (see previous), it is frequently diagnosed separately 
when exacerbated by treatment.
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Fibrosis (Figures 82 and 83)

Pathogenesis
A reaction to acute or prolonged hepatotoxicity.

Diagnostic features
•	 The presence of connective tissue in the liver above the normal low rate seen in portal 

areas. 
•	 Peribiliary fibrosis particularly in aged rats. 
•	 Three patterns of fibrosis are seen in the rodent liver: pericellular, peribiliary, and  

postnecrotic. The pericellular pattern is most common in mice. 
•	 Normal hepatic architecture maintained. 
•	 Increased prominence of fibrosis, which may surround hepatic lobules and bridge 

between adjacent portal areas. 
•	 Hyperplastic nodules of hepatocytes separated by septae of connective tissue can be 

seen in rats but is less common in mice. 
•	 Oval cell proliferation often spreading from periportal areas. 
•	 Masson trichrome, van Gieson, or Silver stains can be used to delineate fibrosis. 

Differential diagnosis 
•	 Cholangiofibrosis - marked pericholangial fibrosis with proliferation of biliary 

epithelium and metaplastic changes of glandular epithelium (e.g., goblet cells, Paneth  
cells). 

•	 Regenerative hyperplasia - nodular growth pattern; distorted lobular pattern. 
•	 Multiple foci of cellular alteration - discrete collections of cells within the hepatic 

parenchyma. 
•	 Multiple hepatocellular adenomas. 
•	 Scirrhous carcinoma - neoplastic epithelial cells will be embedded in a collagenous 

connective tissue proliferative response. 

Comment
The pattern of fibrotic response to chronic injury varies among the species. When hepatic 
fibrosis is accompanied by a nodular or non-nodular regenerative response in the liver, it may 
be considered by some to represent cirrhosis. Classical cirrhosis is rare in rodents in contrast to 
dogs and humans and cannot reliably or consistently separate from a robust fibrotic reaction 
with associated nodular regeneration, oval cell proliferation, and bile duct hyperplasia. Such 
a robust fibrosis can be induced in rodents with prolonged or repeated exposure to certain 
chemicals (carbon tetrachloride, alcohol, tetrachlorovinphos, and diallylphthalate), dietary 
lipotrope deficiency, or chronic hepatitis secondary to persistent infection (Ward 1997). 
We see no advantage in calling severe hepatic reaction cirrhosis in contrast to a diagnosis 
of hepatic fibrosis with an appropriate severity grade. The specific morphological features 
of this response can easily be addressed in the pathology narrative. It should be noted that 
hepatocellular neoplasms might arise in severe hepatic fibrosis. 
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5.4. Infectious diseases

Introduction

Infectious diseases of the mouse liver are an important group of conditions that may interfere 
with toxicology and carcinogenesis studies. The histological changes associated with the 
diseases described in the following may be recorded using the nomenclature described 
previously under inflammation and inflammatory cell infiltrates but they are also presented 
here as a separate category of disease diagnoses to help pathologists diagnose the infections, 
which can be confirmed by PCR, immunohistochemistry, and other diagnostic studies. Some 
major infectious diseases are mentioned in the following to separate these background lesions 
from xenobiotic induced lesions.

Helicobacter sp. Hepatitis (Figure 84; Figure 87)

Pathogenesis 
Infection by a number of different Helicobacter spp.

Diagnostic features
•	 Focal to multifocal areas of necrosis with or without inflammation. 
•	 Silver stain positive helical to rod-shaped bacteria in or adjacent to the lesions, often  

can be seen between hepatocytes (because organisms are in the bile caniculi). 
•	 Chronic lesions - focal, multifocal, to diffuse may include inflammatory cell foci, 

hepatocytomegaly, oval cell hyperplasia, and cholangitis.
•	 Oval cell hyperplasia, focal to diffuse, minimal to marked. 

Differential diagnosis
•	 Inflammation, focal or multifocal, acute or chronic, unknown etiology. 
•	 Murine norovirus infection. 
•	 Tyzzer’s disease. 

Comment
A number of different Helicobacter spp. have been identified that can affect the rodent 
liver spontaneously (Ward, Anwer, et al. 1994; Ward Fox et al. 1994; Goto et al. 2000; 
Zenner 1999. Helicobacter spp. can cause increase hepatocellular tumors in certain 
strains of infected mice, but are also known to generate liver lesions (Ward et al.1994b; 
Tian et al. 2005; Rogers and Fox 2004) and can promote experimental carcinogenesis 
of the liver (NTP Theophylline 1998; Zenner 1999; Diwan et al. 1997) in rodents. The 
pathogenicity of the bacteria can vary with strain of bacteria and mouse strain, stock or 
line. Helicobacter hepaticus may cause acute to subchronic minimal to severe lesions in livers 
of susceptible mice such as A strain, C3H, and BALB/c (Ward et al. 1994a). Many mouse  
strains are resistant to liver infection but A strain mice are the most susceptible (Ward et al. 
1994a, 1994b). Incidental findings of focal or multifocal necrosis in the liver with or without 
inflammatory cells such as macrophages, lymphocytes, and neutrophils can be seen. In 
severely affected livers, more severe chronic lesions can be observed. H. hepaticus hepatic 
lesions are more common in males than females and incidence is increased in mice six months 
of age or older (Percy and Barthold 2001). H. bilis may also cause mild hepatic lesions. 

It is rare for H. hepaticus to cause liver lesions unless the facility and animal room are known 
to be infected. If susceptible mouse strains are used in research, the more severe diffuse 
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lesions may occur. Mouse infection in two-year carcinogenesis bioassays has complicated 
interpretation of carcinogenesis studies (Hailey et al. 1998; Stout et al. 2008). 

Murine Norovirus Hepatitis (Figure 73)

Pathogenesis
Infection by murine norovirus.

Diagnostic features
•	 Focal, multifocal to diffuse areas of inflammation sometimes with vasculitis in  

immunodeficient mice. 
•	 Focal to multifocal small areas of inflammation in most lines of mice. 
•	 Inflammatory foci contain macrophages and lymphocytes. 
•	 Immunohistochemistry shows that inflammatory cells, especially macrophages in  

lesions and Kupffer cells, can be positive for murine norovirus antigens. 

Differential diagnosis 
•	 Helicobacter hepatitis can appear similar but may contain silver positive bacteria.
•	 Helicobacter hepatitis is more common in A, BALB/c, and C3H strains that are not 

susceptible to MNV infection.
•	 Inflammation, focal or multifocal, acute or chronic, unknown etiology.

Comment
Murine norovirus (MNV) may cause severe hepatitis in some lines of immunodeficient mice 
but only minimal hepatitis or no lesions in most lines of infected immunocompetent mice 
(Ward et al. 2006). MNV infection is the most common viral infection in mouse colonies today. 
The implications for interfering in experimental results are not known. It can be assumed that 
chemicals or infectious agents involving the immune system or liver may be influenced by 
MNV infection. 

 
Mouse Hepatitis Virus Hepatitis (Figures 63, 64 and 70) 

Pathogenesis
Infection by mouse hepatitis virus affecting hepatocytes, endothelium, and macrophages 
(Kupffer cells). 

Diagnostic features 
•	 Focal or multifocal hepatic necrosis. 
•	 Multinucleated cells (syncytia) from hepatocytes, endothelium, and macrophages. 
•	 MHV lesions in other tissues, including peritoneum, CNS, blood vessels. 
•	 Chronic hepatitis and postnecrotic cirrhosis in immunodeficient mice. 

Differential diagnosis
•	 Necrosis caused by toxins. 
•	 Necrosis caused by murine norovirus. 
•	 Necrosis caused by Helicobacter sp. 
•	 Necrosis caused by C. piliforme. 
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Comment
Mouse hepatitis virus (MHV), a coronavirus, infects hepatocytes, endothelium, and macro-
phages. In mouse liver, virus strains may have different pathogenicities in the various mouse 
strains and in mice of different ages (Percy and Barthold 2007). Focal and multifocal necrosis is 
seen with multinucleated (syncytial) hepatocytes, endothelium, and macrophages. Immuno-
deficient mice may develop a chronic persistent infection with chronic lesions in liver (Ward, 
Collins, and Parker 1977).

Clinical MHV infection may be most commonly seen in young mice. Adult mice may have 
serum antibodies but no clinical signs and few, if any, histopathologic lesions. Some cases 
show lesions in liver only. MHV is one of the most prevalent murine viruses in the United 
States and Europe (Homberger 1996) but appears less common today. 

Tyzzer’s Disease (Clostridium piliforme Infection)

Pathogenesis
Infection by Clostridium piliforme (Bacillus piliforme).

Diagnostic features
•	 Focal or multifocal necrosis, coagulation to caseous with neutrophilic infiltration. 
•	 Intrahepatocyte bundles of long basophilic bacilli. 
•	 Bacteria seen in Warthin-Starry, Giemsa stains, or by the PAS method. 

Differential diagnosis 
•	 Necrosis, of other known causes or unknown causes.

Comment
Named after Ernest Tyzzer who first described it in a colony of Japanese walzing mice (Fox et 
al. 2002). Clostridium piliforme (Bacillus piliformis) is a long, thin, sporeforming (intracellular) 
bacterium. Rare lesion with sudden death, with or without diarrhea. Often infection of the 
colon with dissemination to the liver (focal hepatitis) and occasionally heart (myocarditis). 
Special stains (e.g., Giemsa or Warthin-Starry Silver stain) can reveal intracytoplasmic 
filamentous bacteria.
Tyzzer’s disease is rare in rodents. It is usually sporadic. The gerbil is known to be extremely 
susceptible to infection (Fox et al. 2002).

Gross lesions can include hepatomegaly, focal necrosis, single or multifocal, small or large 
lesions sometimes associated with lesions in other tissues, especially intestines (Percy and 
Barthold 2007). Multiple foci of necrosis (coagulative necrosis) and/or multifocal necrotizing 
hepatitis can be observed microscopically.

5.5. Vascular lesions

Introduction

The liver has a dual blood supply consisting of a relatively major (about 75%) venous (portal) 
supply via the hepatic portal vein, which carries venous blood that is largely depleted of 
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oxygen, and relatively minor (about 25%) arterial blood supply, via the hepatic artery. The 
portal blood contains toxic materials absorbed in the intestine, and therefore the liver is the 
first tissue to be exposed to toxic substances that have been absorbed through the gastro- 
intestinal tract.

Within the hepatic parenchyma, the hepatocytes are in intimate contact with the sinusoidal 
capillaries, which are carrying the mixture of blood originating from ramifications of the portal 
vein and hepatic artery to the central vein. The sinusoids are lined by modified endothelial 
cells containing fenestrations, which allow passage of lipoproteins and other large molecules 
but provide a barrier to blood cells. Kupffer cells reside in the lumen of the sinusoids and are 
anchored to their wall.

The morphological aspect of the hepatic pathology during circulatory disorders depends on 
the location of the vascular structure being affected (i.e., lobular sinusoids, the outflow hepatic 
vein, or the inflow portal vein).

Congestion (Figure 85)

Synonym
Chronic passive congestion.

Pathogenesis
Circulatory failure, typically right-sided heart failure.

Diagnostic features
•	 Increase prominence (number) of erythrocytes in the capillary bed or larger vessels of an 

organ. 
•	 No appreciable distention (angiectasis) of the vessel wall. 
•	 Diagnosis often correlates with gross observation (e.g., reddened, darkened focus). 
•	 May be associated with centrilobular necrosis. 

Differential diagnosis
•	 Angiectasis - dilated vascular spaces lined by endothelial cells; dilated vascular channels 

and spaces frequently contain erythrocytes. 
•	 Massive necrosis. 
•	 Hemorrhage - irregular patchy lakes of blood not contained within defined vascular 

channels. 
•	 Autolysis - altered cellular texture and loss of staining intensity. 

Comment
Congestion may result from circulatory disturbance such as right-sided heart failure and is 
usually associated with necrosis of the centrilobular areas (Burt, Portmann, and MacSween 
2002). Presence of blood in hepatic sinusoids seen in animals that die or in situations where 
there is incomplete exsanguination should not be diagnosed as congestion. If it is absolutely 
necessary to record such findings, it is important to qualify the blood stasis in the liver as 
passive congestion.
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Angiectasis (Figures 86 and 87) 

Synonyms
Peliosis hepatis, telangiectasis, sinusoidal dilation. 

Pathogenesis
Perturbations in blood flow and/or drainage; weakening of sinusoidal walls. 

Diagnostic features 
•	 Macroscopically - seen on the surface as blood-filled, thin walled cavities projecting 

above the surface (Bannasch et al. 1997). 
•	 Microscopically - There are two morphological types, as follows: 

1. Cystic (“Phlebectatic”) - Focal dilation (distension) of endothelial lined channels 
(photographic presentation contributed by Hardisty et al. 2007). Can be an isolated 
lesion or have a multicentric form. The lacunae are densely packed with blood and 
are coated by a single layer of endothelium and separated from one another by 
cords of liver parenchyma (Bannasch, Wayss, and Zerban 1997). The endothelial 
cells appear to be unaltered, and there is no increase of mitotic figures. The tissue 
adjacent to the dilated sinusoids is well preserved and free of necrotic cells.

2. Cavernous (“Parenchymal”) - The peliotic cysts are not, or are only partially, lined 
by endothelium. Thus, the cysts involve not only the sinusoidal lumen, but also 
the space of Disse, and the blood comes in direct contact with the neighboring 
parenchymal cells. The parenchyma undergoes focal necrosis without a zonal 
distribution. This lesion is much less likely to be preneoplastic and a few toxins 
have been shown to induce the lesion. When endothelial lining is absent, the term 
Peliosis Hepatis instead of Angiectasis is indicated.

Differential diagnosis
•	 Hemangioma - expansile structure lined by flattened endothelial cells; may be associated 

with parenchymal compression. 
•	 Cystic degeneration (Spongiosis hepatis) - cavities are not filled with blood but with 

a finely flocculent acidophilic material. 

Comment
Angiectasis is a cystic or cavernous widening of the liver sinusoids that can occur in a variety 
of pathological insults. In human, sinusoidal dilatation has been reported following hypoxia 
or hyperperfusion as a result of right-sided heart failure, thrombosis of hepatic veins, amyloid 
deposition, granulomatous, or neoplastic disease (Greaves and Faccini 1992; Bruguera et al. 
1978). Although these lesions can also occur spontaneously in different rodents with different 
diseases or with certain neoplasms causing hemodynamic changes, it can also be induced by 
different compounds. Focal sinusoidal dilatation and peliosis hepatis have been observed in 
the rodent liver after treatment with nitrosamines, pyrrolizidine alkaloids or glucocorticoids 
(Greaves 2007; Ruebner, Watanabe, and Wand 1970; Ungar 1986; Wolstenholme and 
Gardner 1950). Altered hemodynamic and changes in the hepatic microcirculation have been 
proposed to be of importance in the pathogenesis of sinusoidal dilatation (Slehria et al. 2002). 
Subcapsular sinusoidal dilatation can also be found a postmortem finding in rats (Kimura and 
Abe 1994).

Angiectasis is defined by multiple blood-filled cystic spaces of different size and shape 
occurs after suspected loss or weakening of sinusoidal walls and/or supporting tissue. The 
two subtypes may occur in combination. The cystic spaces are devoid of endothelial lining 
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in the cavernous subtype (“parenchymal”) although controversy still exists (Greaves 2007; 
Edwards, Colombo, and Greaves 2002). Angiectasis can be found in aged rats (Lee 1983). 
However, these lesions can also be induced in both rats and mice after viral infection (Bergs 
and Scotti 1967) or exposure to certain drugs or chemicals (Mendenhall and Chedid 1980; 
Husztik, Lazar, and Szabo 1984).

Angiectasis has also been reported in animals or humans infected with Bartonella spp. (Wong 
et al. 2001; Breitschwerdt and Kordick 2000) and it has been associated with a number of 
diseases in humans as well as administration of anabolic steroids and oral contraceptives 
(Naeim, Cooper, and Semion 1973; Zimmerman 1998; Tsokos and Erbersdobler 2005).
Angiectasis may refer to a vascular lesion formed by dilatation of a group of small blood 
vessels. It can be observed in transgenic mouse models (Srinivasan et al. 2003; Bourdeau et al. 
2001) or related to xenobiotic administration in rats and mice (Robison et al. 1984; Kim et al. 
2004). It can be found as an incidental finding in aging mice and is sometimes associated with 
hepatocellular neoplasms (Harada et al. 1996, 1999). Angiectasis can be chemically induced 
(Bannasch, Wayss, and Zerban 1997) and has been suggested to be preneoplastic in some 
animal models.

Thrombosis (Figure 88)

Pathogenesis
Activation of the coagulation system associated with arteritis or phlebitis or secondary to 
atrial thrombosis.

Diagnostic features
•	 It is characterized by the formation of a thrombus within the lumen of a blood vessel,  

like sinusoids and central veins. 
•	 Amorphous mass attached to the endothelium or free within the blood vessel lumen  

(due to plane of section). 
•	 Contains fibrin, platelets, and entrapped blood cells. 
•	 Damaged endothelium can be seen. 
•	 May occur with histiocytic sarcoma in rats or mice. 

Differential diagnosis
•	 Postmortem clot. 
•	 Necrotic area of tissue - loss of microscopic tissue structure and stain affinity; pale 

eosinophilic staining, and absence of nuclear detail. 

Comment
There are several potential mechanisms leading to liver thrombosis. Activation of the 
coagulation system associated with fibrin deposits and hypoxia located in the centrilobular 
sinusoids was reported to occur in the livers of rats exposed to monocrotaline (MCT) (Copple 
et al. 2002). It was suggested that the fibrin thrombi were formed following chemical-induced 
hepatic endothelial cell damage. In studying an endotoxin-exposure model, it was suggested 
that the noted focal and random hepatocellular necrosis was caused by circulatory disturbances 
due to fibrin thrombi in clusters of adjacent sinusoids. Using a rat model of 2-butoxyethanol 
induced hemolytic anemia associated with systemic thrombosis, fibrin thrombi were noted 
in the central vein and sinusoids of the liver, in addition to the presence of thrombi seen in 
several other organs (Ramot et al. 2007).
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Infarction (Figures 89 and 90)

Pathogenesis
Interruption of blood flow in a major vessel. Torsion of hepatic lobe.

Diagnostic features
•	 Extensive area of necrosis may be associated with inflammation. 
•	 The necrosis does not have acinar pattern. 

Differential diagnosis
•	 Hepatocellular necrosis resulting from direct toxicity may have a diffuse or lobular 

distribution but also may be accompanied by infarction; not mutually exclusive.

Comment
Aside from torsion of liver lobes, which can occur spontaneously in rodents, infarction is a 
very rare lesion that can be induced only under very specific experimental conditions. The 
combined injection in mice of NG-monomethyl-L-arginine and aspirin after lipopolysaccharide 
exposure resulted in significant hepatocellular enzyme release, characterized histologically 
by intravascular thrombosis with diffuse infarction and necrosis (Harbrecht et al. 1994). 
Intraperitoneal injections in rats of vasoconstrictor xenobiotics such as phenylephrine produced 
infarcts of the spleen regularly and infarcts of the liver occasionally (Levine and Sowinski 
1985). Isolated perfusion with 1.0 g/kg of the cytotoxic xenobiotic 5-FU or hyperthermia of 41 
degrees C x 10 min resulted in 90% to 100% mortality in rats, with extensive, patchy necrosis, 
and infarction on histologic examination (Miyazaki et al. 1983).

Endothelial Cell Hypertrophy/Karyomegaly3 (Figure 91)
3  The examples provided were confirmed with special stains (not shown). However, based solely on H&E staining, a 

diagnosis of “sinusoidal cell hypertrophy/karyomegaly” is appropriate.

Synonyms
Endothelial cell enlargement, cytomegaly.

Introduction
This is a relatively new diagnostic entity. Because of the difficulty of identifying specific 
sinusoidal cell types from H&E-stained sections, definitive diagnosis of endothelial cell 
hypertrophy/karyomegaly requires confirmation using special stains.
Pathogenesis: Continued DNA synthesis and cell cycle arrest following exposure to certain 
xenobiotics.

Diagnostic features
•	 Irregularly shaped karyomegalic nuclei.
•	 Nuclei and cells appear larger than normal.
•	 Secondary changes related to the endothelial cell damage and/or obstruction of the 

sinusoids leading to local ischemia may be seen. Such changes include sinusoidal 
congestion, hemorrhage, thrombi formation, hepatocytic fatty change/degeneration, and 
necrosis (Lailach et al. 1977; Nyska et al. 2002).

Differential diagnosis
•	 Endothelial cell hyperplasia characterized by increased number of endothelial cells. 
•	 Hepatocytic cytomegaly and karyomegaly. 
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•	 Anisokaryosis - variation in the size of nuclei and/or binuclearity admixed with diploid 
appearing hepatocyte nuclei. 

•	 Reactive Kupffer cells - enlarged histiocytic cells with visible cytoplasm lining sinusoids. 
•	 Histiocytic sarcoma - hepatic parenchyma infiltrated and replaced by collections of 

histiocytic cells that can be pleomorphic. 

Comment
In a study of monocrotaline (Wilson et al. 2000) it was suggested that the endothelial 
karyomegaly was the result of continued DNA synthesis and concentration- dependent cell-
cycle arrest. The exposed cells undergo a process of multiplication of chromosomal copies, 
defined as endopolyploidy, with nuclear and cytoplasmic gigantism. A direct correlation 
between cytoplasmic volume and nuclear DNA content was suggested.

A similar pathogenesis was suggested in the case of ridelliinne-induced endothelial 
cytomegaly and karyomegaly (Nyska et al. 2002). Administration of riddelliine, a naturally 
occurring pyrrolizidine alkaloid, to rats results in cytomegaly and karyomegaly of hepatic 
endothelial cells as one of its pleiotropic responses to cell-specific cytotoxicity. A metabolite 
of this pyrrolizidine alkaloid is believed to directly interact with endothelial cell DNA. 

Sometimes this change is interpreted as prominent Kupffer cells or Kupffer cell hypertrophy 
on H&E sections and warrants further characterization for confirmation of the endothelial cell 
origin. Immunohistochemical stains and electron microscopy can be used to identify the cell 
type involved.

Hyperplasia, Endothelial 

Synonyms
Endothelial cell hyperplasia, angiomatous hyperplasia. 
Pathogenesis: Proliferation of normally present sinusoidal lining endothelial cells without 
sinusoidal dilation. 

Diagnostic features 
•	 Focal, located to the portal triad, consisting of increased number of capillaries. 
•	 Blood may not be present within the capillaries. 
•	 Absence of supporting tissue. 
•	 May have mitotic figures and nuclear atypia. 

Differential diagnosis
•	 Hemangioma - expansile structure lined by flattened endothelial cells; may be associated 

with parenchymal compression. 
•	 Angiectasis - dilated vascular spaces lined by endothelial cells; dilated vascular channels 

and spaces frequently contain erythrocytes. 

Comment
Endothelial derivation and proliferation can be confirmed by dual immunostaining for CD31/
KI-67 (Ohnishi et al. 2007). Comparative endothelial cell kinetic studies in human, mice, and 
rats indicated that the labeling index (LI) in the male and female B6C3F1 mouse liver was 
significantly higher (p < .01) compared to the LI in male and female rat and human liver, and 
the LI in the male and female rat liver was significantly greater (p < .05) than the LI in human 
liver. It was suggested that the increased rate of spontaneous hemangiosarcoma formation in 
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mice may be related to the increased proliferation rate of endothelial cells normally present in 
the B6C3F1 strain of mice compared to rats and humans (Ohnishi et al. 2007).

5.6.  Non-Neoplastic Proliferative Lesions 

Introduction

A variety of non-neoplastic proliferative lesions of different origin(s) occurs spontaneously 
in the liver of rodents and may also be induced by treatment with chemicals. Incidences and 
morphological characteristics vary considerably by animal species, strain, and sex. Some of 
these lesions might be regarded as pre-neoplastic alterations.

As a non-neoplastic proliferative response, increased hepatocyte mitoses (Figure 92) above 
normal background levels or increased above what is seen in control animals can occur in 
rodent livers. Causes vary from physiological responses such as during early growth, during 
pregnancy, and following partial hepatectomy to post-necrotic repair. This change may be 
diagnosed as cytologic alteration or mitotic alteration with a description in the pathology 
narrative. In some laboratories diagnosis of “increased mitoses” is used.

Focus of Cellular Alteration

Introduction
Foci of cellular alteration are common in rodent studies greater than duration of twelve 
months and may be seen in short duration toxicity studies following exposure to certain 
xenobiotics. Foci of cellular alteration can be identified by special stains. In H&E-stained slides 
they may be subclassified based on the predominant cell type present. Diagnosis of the mixed 
cell subtype of altered hepatic focus varies among different laboratories. One viewpoint 
defines a mixed focus of cellular alteration as consisting of a combination of basophilic, 
vacuolated, eosinophilic, and/or clear cell hepatocytes without a predominant cell type. An 
alternative viewpoint defines a mixed cell focus as containing any two phenotypes of cells in 
approximately a 50%/50% proportion. Others regard a “true” mixed focus as one that contains 
clearly identified basophilic and eosinophilic cells regardless of the proportions of each. 
Because of this diverse set of diagnostic opinions regarding focus subtypes, the pathologist is 
encouraged to describe the morphological features of documented foci in detail, especially if 
they are altered by treatment.

Synonyms
Areas of cellular alteration; focus of altered hepatocytes; hyperplastic focus; preneoplastic 
focus; enzyme altered focus; phenotypically altered focus.

Pathogenesis
A localized proliferation of hepatocytes phenotypically different from surrounding hepatocyte 
parenchyma.

Diagnostic features
•	 May occasionally be observed grossly as small white foci on the liver surface, but not  

round nodules. 
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•	 Size may range from less than one lobule to multiple lobules in diameter. 
•	 Circular or ovoid shape; irregular formed foci may occur. 
•	 Distinguished into types of foci by virtue of tinctorial variation, size of hepatocytes, and 

textural appearances from surrounding parenchyma.
•	 May be subclassified based on predominant cell type. The fact that 80% of the focus  

is composed of one morphologic cell type (basophilic, eosinophilic, etc.) or a mixed cell 
type. 

•	 Normally no or only minimal compression of the surrounding liver tissue. 
•	 Liver plates merge imperceptible with surrounding hepatic parenchyma; nevertheless 

foci are sharply demarcated from the adjacent normal hepatocytes by the appearance 
and staining reaction of its cells. 

•	 Lobular architecture preserved. 
•	 Portal areas and central veins not present in small foci but can be seen in larger foci. 
•	 Sinusoids within focus may be compressed, so typical parenchymal plates are difficult to 

detect. 
•	 Tortuous hepatic cords may occur due to increased number of cells. 
•	 Size of cells and cytoplasmic tinctorial variation depend on type of focus. 
•	 Normally absence of cellular atypia. 
•	 Cystic degeneration (spongiosis hepatis) and angiectasis (peliosis hepatis) may occur  

within foci of altered cells. 
•	 Cytoplasmic lipid may be present. 
•	 Intracytoplasmic inclusions of various types may be present. 

Basophilic (Figures 93-97) 

•	 Basophilic, diffuse (Figures 93 and 94)
 – Hepatocytes of normal size or slightly enlarged with homogeneously staining 

cytoplasmic basophilia due to abundant free ribosomes. 
 – Cells may be pleomorphic with enlarged vesiculated nuclei and prominent nucleoli.
 – Dissociation of cells may occur. o Mitotic figures may occur.

•	 Basophilic, tigroid (Figure 95)
 – Cells are usually smaller; enlarged cells may occur.
 – Cells are often arranged as tortuous cords.
 – Cells display large abundant basophilic bodies often arranged in clumps or long 

bands with striped pattern in paranuclear or peripheral regions of cytoplasm (due 
to increased rough endoplasmic reticulum). o Mitotic rate may be increased. 

•	 Basophilic, NOS (Figure 96)
 – Foci that are not clearly tigroid or diffusely basophilic. 
 – Peliosis or spongiosis may occur within these foci. 

•	 Basophilic (no further classification in mice) (Figure 97)
 – Consist of cells larger or smaller than normal hepatocytes, in general they are  

smaller. 
 – Cytoplasm exhibits distinct basophilia due to free ribosomes or rough
 – endoplasmic reticulum.
 – Often cells contain obvious glycogen.
 – Intracytoplasmic basophilic clumps with relatively clear intervening cytoplasm or 

the cytoplasmic basophilia may be distributed homogeneously.
 – Vascular pseudo-invasion may be present.



60

 – Eosinophilic cytoplasmic inclusions may be found occasionally within hepatocytes.

Eosinophilic (Figures 98-100)

Synonyms
Acidophilic, ground glass.

•	 Composed of usually enlarged, polygonal hepatocytes with acidophilic staining 
cytoplasm. 

•	 Some clear cells may be present. 
•	 Cytoplasm is distinctly granular and pale pink, intensely eosinophilic, or shows  

ground-glass appearance. 
•	 Nuclei often enlarged; nucleoli may be prominent and centrally located. 
•	 Eosinophilia may result from an increase in smooth endoplasmic reticulum, peroxisome, 

or mitochondria (rats, mice). 
•	 Store glycogen in excess. 

Mixed Cell (Figures 101-104) 

Synonyms
Basophilic/eosinophilic mixed. 

Heterogeneous focus consisting of a combination of cell types (see Introduction above).  

Clear Cell (Figures 105-107) 

•	 Composed of normal-sized or enlarged cells with distinct cytoplasmic clear spaces. 
•	 Some eosinophilic or basophilic cells may be present. 
•	 Nuclei are often small and dense, prominent and centrally located, sometimes  

exhibiting increased volume. 
•	 Store glycogen in excess. 
•	 Cell membranes may appear prominent. 

Amphophilic (in Rats and Mice) (Figure 108) 

•	 Hepatocyte cytoplasm having an affinity both for acid and for basic dyes. 
•	 Large cells with homogeneous, granular intensely eosinophilic cytoplasm, and  

randomly scattered faint basophilia. 
•	 Nuclei slightly enlarged. 
•	 Poor in or free of glycogen. 
•	 Amphophilic (basophilic and eosinophilic) cytoplasm due to a proliferation of both  

mitochondria and rough endoplasmic reticulum (mitochondrial-RER complex). 
•	 Usually less frequently observed in rats and mice compared to other foci. 

Differential diagnosis
•	 Hyperplasia, hepatocellular, regenerative - evidence of prior or ongoing hepatocellular 

damage.
•	 Hyperplasia, hepatocellular, non-regenerative - usually seen as a single large nodule of 

hyperplasia without concomitant evidence of hepatocellular damage or phenotypical 
alteration. Rare in rats and mice. 

•	 Adenoma, hepatocellular - loss of normal lobular architecture with irregular growth 



61

pattern. Liver plates often impinge perpendicular or obliquely on the surrounding 
parenchyma. Distinct compression of adjacent normal hepatocytes is present. 

•	 Carcinoma, hepatocellular - distinct trabecular, adenoid or poorly differentiated growth 
is present. Lobular and plate architecture is not maintained. Cellular atypia and invasive 
growth may be present. 

Comments
Foci of cellular alteration represent a localized proliferation of hepatocytes that are phenotypi-
cally different from surrounding hepatocyte parenchyma. They are subclassified based upon 
phenotypic and tinctorial features. Foci of cellular alteration can occur spontaneously in aged 
rats and other rodents and can be induced by chemical treatment. The incidence, size, and/
or multiplicity of foci are usually increased and time to development usually decreased after 
administration of hepatocarcinogens (Hanigan, Winkler, and Drinkwater 1993; Frith, Ward, and 
Turusov 1994; Bannasch and Zerban 1990; Moore, Thamavit, and Bannasch 1996). Foci of 
cellular alteration are not necessarily preneoplastic. Foci of cellular alteration may have promi-
nent fat deposition and characteristic features of cystic degeneration and angiectasis (See 
B-focus with spongiosis; Figure 96).

Foci can be subclassified based on the predominant cell type. If no single cell type comprises 
at least 80% of a given focus, it should be classified as mixed. Mostly these mixed foci consist 
of both basophilic and eosinophilic/clear type cells. In these foci, it is not clear what is the 
predominant phenotype and are therefore indicated as “mixed”.
Species and strain differences occur in the prevalence of these foci. It is not uncommon for 
a focus predominantly of one cell type, however, to have a small number of a different type.

Mixture of eosinophilic and clear cells can be classified into either eosinophilic or clear 
cell focus in accordance with proportion of clear cells. Mixture of amphophilic and other 
phenotypes has never been observed in rodents. 

Usually, amphophilic foci are less frequently observed in rats and mice compared to other foci.  

A number of models have linked specific types of foci of cellular alteration with carcinogenesis 
(Mahon 1989). The nitrosomorpholine model is linked with eosinophilic and clear cell foci as 
precursors. Aflatoxin is linked with basophilic foci as a tumor precursor (Bannasch, Zerban, and 
Hacker 1985). It was also reported that hepatocarcinogenesis was associated with increase of 
basophilic or amphophilic foci (Goodman et al. 1994). Although age-related eosinophilic or 
tigroid basophilic foci were not associated with exposure to hepatocarcinogens, in hamsters, 
treatment with nitrosamines or other carcinogens caused a variety of foci including basophilic 
foci (Frith, Ward, and Turusov 1994; Moore, Thamavit, and Bannasch 1996). As some foci 
may be potential precursors of neoplastic formation, careful identification of altered foci is 
warranted (Maronpot et al. 1989). Although induced by carcinogens, foci of cellular alteration 
can be found as non-neoplastic end stage lesions and not all foci can be related to carcinogens 
(Peraino et al. 1984; Harada, Maronpot, Morris, Stitzel, et al. 1989; Harada, Maronpot, Morris, 
and Boorman, 1989; Squire 1989; Schulte-Hermann et al. 1989). Most importantly, types of 
foci in controls should be compared to those found in treated animals. Some pathologists 
regard vacuolated foci as focal fatty change and do not consider them a subtype of focus of 
cellular alteration. 
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Hyperplasia, Hepatocellular, Non-Regenerative (Figures 109 and 110)

Synonyms
Hyperplasia, hepatocellular, focal hepatocellular hyperplasia.

Pathogenesis
A spontaneous or treatment-associated proliferative collection of hepatocytes spanning 
several lobules and without evidence of prior hepatic damage.

Diagnostic features
•	 A relatively large lesion that is often greater than several adjacent lobules and is occasion-

ally accompanied by angiectasis and/or spongiosis hepatis (cystic degeneration). 
•	 Comprised of slightly enlarged hepatocytes. 
•	 Hepatocytes are tinctorially similar to surrounding parenchyma. 
•	 The liver plates in the lesion tend to merge with the adjacent hepatic parenchyma. 
•	 May be minimal to mild compression of adjacent hepatic parenchyma. 
•	 Lobular architecture is maintained. 
•	 Portal triads and central veins are present. 
•	 When accompanied by angiectasis/spongiosis hepatis, hepatic cords may be distorted.

Differential diagnosis
•	 Focus of cellular alteration - phenotypical or tinctorial variation is present. Generally 

not associated with chronic liver damage, though foci of cellular alteration may occur in 
damaged liver. 

•	 Adenoma, hepatocellular - loss of normal lobular architecture with irregular growth 
pattern. Liver plates often impinge perpendicular or obliquely on the surrounding paren-
chyma. Distinct compression is present. 

•	 Carcinoma, hepatocellular - distinct trabecular, adenoid, or poorly differentiated growth 
is present. Lobular and plate architecture is not maintained. Cellular atypia and invasive 
growth may be present.

•	 Hyperplasia, hepatocellular (regenerative) - evidence of ongoing or prior hepatocellular 
damage, fibrosis, or a history of exposure to a known hepatotoxicant Lobular architecture 
usually distorted. 

Comment
Non-regenerative hepatocellular hyperplasia is rare in rodents. It may occur spontaneously 
or be treatment-associated and consists of a proliferative collection of hepatocytes spanning 
several lobules and without evidence of prior hepatic damage. This lesion is not associated 
with any evidence of existing or prior hepatocellular injury. Diagnostic difficulties occur when 
preneoplastic foci and hepatocellular adenomas occur in the same liver sections of older 
rodents. This lesion may be similar to that of hepatic nodular hyperplasia in dogs. 
There are basically two variations of non-regenerative hepatocellular hyperplasia. One 
is relatively smaller and is accompanied by angiectasis and/or spongiosis hepatis and the 
other tends to be larger than several lobules. The former occurs in both sexes and the latter 
predominantly in untreated female control F344 rats but occasionally reported in treated rats 
(Tasaki et al. 2008; Hailey et al. 2005; Bach et al. 2010). When present near the capsular surface, 
this type of nodular hyperplasia may be evident grossly as a raised area. The proliferating 
cell nuclear antigen (PCNA) labeling index in these nodules is increased in comparison with 
surrounding parenchyma and the lesion is glutathione S-transferase placental form (GSTP) 
immunonegative. 
Very early non-regenerative hyperplasia may be the size of small foci of cellular alteration 
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and are identified by their altered growth pattern and tinctorial similarity to surrounding 
parenchyma (see Figure 109). 

Hyperplasia, Hepatocellular, Regenerative (Figures 111-113)

Synonyms
Hyperplasia, hepatocellular; hyperplasia, regenerative; hyperplasia, nodular; regeneration, 
nodular.

Pathogenesis
A nodular regenerative response to prior or continuous hepatocellular damage.

Diagnostic features
•	 Focal or multifocal (nodular) appearance. 
•	 Lesion may reach several millimeters in diameter. 
•	 Spherical proliferation may be accompanied by slight encapsulation. 
•	 Compression of surrounding liver parenchyma often occurs. 
•	 Normal lobular architecture usually present but may be distorted. 
•	 Portal triads and central veins may be present. 
•	 Bile duct and oval cell proliferation may be present. 
•	 Hepatocytes appear slightly altered, but may have slightly basophilic cytoplasm or 

prominent nucleoli. 
•	 Increased mitotic index may be observed. 
•	 Evidence of prior or ongoing hepatocellular damage, such as apoptosis/necrosis, chronic 

inflammation, chronic congestion, fibrosis, cirrhosis, or a known cause of toxicity
•	 Lesions in rats tend to be more nodular than in mice. 

Differential diagnosis
•	 Focus of cellular alteration - tinctorial variation is present. Generally not associated 

with chronic liver damage, though foci of cellular alteration may occur in damaged liver. 
•	 Adenoma, hepatocellular - loss of normal lobular architecture with irregular growth 

pattern. Liver plates often impinge perpendicular or obliquely on the surrounding paren-
chyma. Distinct compression is present. 

•	 Carcinoma, hepatocellular - distinct trabecular, adenoid, or poorly differentiated growth 
is present. Lobular and plate architecture is not maintained. Cellular atypia and invasive 
growth may be present. 

•	 Hyperplasia, hepatocellular (non-regenerative) - no history or evidence of hepatocellular 
damage. 

Comment
These lesions are considered to represent a regenerative response to prior or continuous 
hepatocellular damage. A history of exposure to a hepatotoxicant and the presence of 
multiple nodules of regeneration that maintain a lobular but usually distorted architecture 
makes diagnosis more convincing. Diagnostic difficulties occur when preneoplastic foci and 
hepatocellular adenomas occur in the same liver sections of older rodents or in livers with 
many induced foci and tumors. 

In livers with partial hepatectomy (PH), the pattern of hyperplasia at twenty-four to seventy- 
two hours post surgery is diffuse hepatocyte hyperplasia with many mitotic figures and 
no evidence of liver toxicity. Although this response is also hyperplasia (hepatocellular, 
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regenerative), it is not to be confused with the nodular hepatic response to toxic damage to 
hepatocytes. After ninety-six hours, the liver may be almost normal histologically. In mice 
however, chronic biliary lesions may be seen in the liver after PH. 

Hypertrophy/ Hyperplasia, Kupffer Cell (Figures 114-115)

Synonyms
Kupffer cell proliferation; histiocytosis, focal or diffuse.

Pathogenesis
Following phagocytosis of foreign material, estrogen treatment, inflammatory conditions, and 
response to cytokines. A rare spontaneous finding.

Diagnostic features
•	 Diffuse to multifocal proliferation of oval to spindeloid cells lining sinusoids. 
•	 Cells resemble histiocytes and often contain phagocytic material. 
•	 May form as sheets or nodules. 
•	 Hypertrophy can occur without hyperplasia and vice versa. 

Differential diagnosis 
•	 Infiltration, mononuclear - well demarcated; usually solitary; associated with cell necrosis.
•	 Histiocytic sarcoma - diffuse and irregular proliferation of histiocytic cells throughout 

the liver. Usually associated with destruction of hepatic parenchyma. Occasional 
multinucleated giant cells may be present.

•	 Hyperplasia, oval cell - consists of a single or double row of oval cells sometimes forming 
incomplete (pseudo-) duct-like structure. Cells are usually uniform in size and shape and 
have scant pale basophilic cytoplasm and round to oval nuclei.

Comment
Rare as a spontaneous finding, hyperplasia of Kupffer cells may be seen following phagocytosis 
of foreign material and as a consequence of estrogen treatment and in inflammatory 
conditions. It can be induced by cytokines. Hypertrophy and hyperplasia often accompany 
each other. The hypertrophy of normal Kupffer cells gives the impression of presence of more 
Kupffer cells since they are difficult to visualize in normal livers. 

Hyperplasia, Ito Cell (Figures 116-118) 

Synonyms
Stellate cell; perisinusoidal cell; fat-storing perisinusoidal cell.

Pathogenesis
Proliferation of fat-storing perisinusoidal cells. 

Diagnostic features
•	 Focal or diffuse proliferation of Ito cells. 
•	 May grow in sheets, clusters or along cords of hepatocytes. 
•	 Cells vary in size and shape and are vacuolated. 
•	 Multiple cytoplasmic fat droplets of different size occur. 
•	 The nuclei are ovoid or round and may be indented by cytoplasmic lipid droplets. 
•	 Modest amount of collagenous matrix may be present. 
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Differential diagnosis 
•	 Fatty change/Lipidosis - the cytoplasm of fat cells may be clearer than that of Ito cells. 
•	 Ito cell tumor - larger and more extensive than hyperplasia. Partially distinct compression 

of adjacent hepatic parenchyma. 

Comment
Ito cell hyperplasia is extremely rare and occurs predominantly in mice. It arises from fat-
storing perisinusoidal cells, better known as Ito cells (Dixon et al. 1994; Enzan 1985; Tillmann 
et al. 1997). The biological behavior of the lesion is not well established. There appears to be 
a continuum with Ito cell tumor (see the following), which may be just an exaggerated and 
sometimes more localized form of Ito cell hyperplasia. 

Bile Duct Hyperplasia (Figures 119-122)

Pathogenesis
A spontaneous change in portal areas of older animals; may be induced or exacerbated by 
treatment.

Diagnostic feature
•	 Increased number of small bile ducts arising in portal region. 
•	 May not involve all portal areas. 
•	 May be associated with periductular fibrosis and periductular cell infiltration. 
•	 Biliary epithelium is well differentiated, forming normal ducts. 
•	 Biliary epithelium may show degenerative or atrophic changes. 
•	 May be associated with oval cell hyperplasia. 
•	 May contain mucous metaplasia or hyalinosis in specific situations in mice. 
•	 Cystic form. 
•	 Focal bile duct proliferation with cystic dilation of ducts may occur. 
•	 Usually acini lined by flattened epithelium. 

Differential diagnosis
•	 Cholangioma - well demarcated; usually solitary; acini lined by cuboidal epithelium. 
•	 Cholangiofibrosis - central portions become atrophic, collagenized, and avascular whereas 

the active proliferating portion is at the periphery; mucus production is common. 
•	 Cholangiocarcinoma - invasive growth into surrounding hepatic tissue or vessels; cell 

are pleomorphic; mucus production. 
•	 Oval cell hyperplasia - consists of a single or double row of oval cells forming incomplete 

duct-like structures. Cells usually uniform with scant basophilic cytoplasm and round or 
oval nuclei. 

Comment
Often associated with evidence of hepatic injury and repair and obstruction of bile flow. 
Dilation of intrahepatic bile ducts is a spontaneous, age-associated lesion that is more 
common in rats than in mice. 

Cholangiofibrosis (Figures 123-126) 

Synonyms
Bile duct adenomatosis; intestinal cell metaplasia; adenofibrosis. 
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Pathogenesis
Originates from an initial oval cell hyperplasia in response to pronounced hepatic parenchymal 
necrosis. 

Diagnostic features
•	 Consists of dilated to cystic bile ducts filled with mucus and cellular debris and surrounded 

by inflammatory cell infiltrates and connective tissue. 
•	 Glandular epithelium is typically a single layer and varies from flattened to tall columnar 

hyperbasophilic and pleomorphic cells along with goblet cells and occasional Paneth 
cells. 

•	 Glandular epithelium, particularly in cystic glands, may be partially lost through degen-
eration resulting in crescent shaped structures. 

•	 Central portions of large lesions may become sclerotic with only remnants of biliary 
epithelium suggesting regression. 

•	 Lesions may be limited to small foci but may occupy large interconnecting areas of a lobe 
without markedly disturbing the lobe outline. 

•	 Lesion growth typically involves contraction with retraction of surrounding parenchyma. 
Markedly dilated or cystic mucus-filled glands along the liver capsule may protrude 
above the lobe outline. 

•	 Older lesions may be shrunken from the liver surface and appear as scars. 
•	 Regenerative hepatocellular hyperplasia may be present when there is extensive paren-

chymal involvement. 

Differential diagnosis
•	 Cholangiocarcinoma - solid sheets, trabeculae, or nests of closely packed biliary 

cells largely displacing hepatic parenchyma. Intestinal metaplasia is not a prominent  
feature. Glandular dilation is absent or minimal. 

•	 Hyperplasia, bile duct - multiple small bile ducts arising in portal region. Biliary epithelium 
is well differentiated, forming more normal appearing ducts, with minimal glandular dila-
tion in some cases. 

Comment
This lesion is an inflammatory, proliferative, and metaplastic reaction involving bile duct 
epithelium and is seen with hepatocellular toxicity caused by xenobiotics such as dioxins, 
furans, and related chemicals in rats (Bannasch and Zerban 1990; Deschl et al. 1997; Eustis 
et al. 1990; Kimbrough et al. 1973; Kimbrough and Linder 1974; Sirica 1992; Hailey et al. 
2005). The initial reaction following pronounced hepatic parenchymal necrosis is oval cell 
hyperplasia (Engelhardt 1997). 

Cholangiofibrosis is a controversial lesion that has been diagnosed as cholangiocarcinoma 
especially when there is extensive involvement of the liver. Cholangiofibrosis is not seen as 
a spontaneous lesion but occurs primarily in rats treated with a variety of xenobiotic agents 
that are hepatotoxic at high dose. The intestinal cell metaplasia in cholangiofibrosis includes 
goblet and Paneth cells and columnar cells similar to chief cells identified in H&E-stained 
paraffin sections and enterochromaffin cells identified by special staining. The metaplastic 
cells have been confirmed by electron microscopy in some cases. While cholangiofibrosis 
has been reported to progress to cholangiocarcinoma with malignant features (Bannasch and 
Zerban 1990; Sirica 1992), unequivocal metastases have not been confirmed in most cases. 
This lesion is not observed in humans. 
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Oval Cell Hyperplasia (Figures 127-129) 

Synonyms
Oval cell proliferation; bile ductule cell hyperplasia. 

Pathogenesis
Arises from terminal ductule epithelial cells (canal of Hering cells) spontaneously, following 
liver infections, and secondary to hepatotoxic injury. 

Diagnostic features
•	 Generally originates from portal areas and is often multifocal. 
•	 Consists of a single or double row of oval to round cells along sinusoids in linear arrays. 
•	 May form a few or many small ductules with streaming into the hepatic parenchyma. 
•	 Formation of incomplete duct-like structures may be present. 
•	 Cells are usually uniform in size and shape and may be fusiform. 
•	 Cells have scant pale basophilic cytoplasm and round or oval nuclei. 
•	 Oval cells express keratin. 

Differential diagnosis
•	 Hyperplasia, bile duct - several small bile ducts arising in portal region. Biliary epithelium 

is well differentiated, forming normal ducts. 
•	 Early or mild fibrosis - collagen matrix is evident. 
•	 Inflammation - presence of mononuclear, polymorphonuclear, or connective tissue cells 

will be present in inflammation. 

Comment
Oval cell proliferation is considered to arise from terminal ductule epithelial cells (canal of 
Hering cells). It is a rare spontaneous lesion in rats. Oval cell hyperplasia can be observed 
following severe hepatotoxic injury and treatment with hepatocarcinogens. There is often a 
close relation to the portal tract, although more scattered groups of proliferating oval cells can 
be seen diffusely throughout the liver following xenobiotic-induced hepatic injury (Engelhardt 
1997).

In mice oval cell hyperplasia is a feature of chronic active hepatitis caused by H. hepaticus and 
H. bilis and is seen following treatment with various hepatocarcinogens. Hyperplastic oval 
cells occur in association with a high incidence of hepatocellular neoplasms and may play 
an important role in hepatocarcinogenesis. Some authors support the concept that oval cells 
may participate in the lineage of hepatocellular and cholangiocellular carcinomas and may 
serve as hepatic stem cells. Oval cell hyperplasia diagnosis including grade is recommended, 
even when it is part of a complex set of hepatic changes.

5.7. Neoplasms 

Introduction 

The rodent liver is the most common target site of chemical carcinogens (Maronpot et al. 1986; 
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Evans and Lake 1998), perhaps due to its major function as a metabolizing and detoxifying 
organ for xenobiotics. Rodent hepatocarcinogens are usually hepatotoxins. The chronic toxicity 
of these toxins may contribute to hepatocarcinogenesis although genotoxic liver carcinogens 
are often also hepatotoxins. There is over a thirty-year history of experimental induction (Frith 
and Wiley 1982; Malarkey et al. 1995; Evans et al. 1992; Ward et al. 1983, 1986; Ward, Lynch, 
and Riggs 1988; Popp 1984) and classification of preneoplastic and neoplastic lesions of the 
rat and mouse liver in book chapters (Bannasch and Zerban 1990; Brooks and Roe 1985; 
Greaves and Faccini 1984; Jones and Butler 1978; Ward 1981; Harada et al. 1999; Eustis et 
al. 1990) and by committee (ILAR 1980) or toxicologic pathology societies (Standardized 
System of Nomenclature and Diagnostic Criteria [SSNDC] Guides, http://www.toxpath.org/
ssndc.asp). Terminology has evolved to the present nomenclature that is also based on many 
publications on liver carcinogenesis.

There is evidence from experimental studies documenting the regression of proliferative 
hepatocellular lesions including foci of cellular alteration, hepatocellular adenomas, and 
hepatocellular carcinomas following cessation of treatment (Maronpot 2009). A dramatic 
example was reported in mice following cessation of chronic chlordane exposure (Malarkey 
et al. 1995). Similar experience has been reported in rats and mice in other studies (Lipsky 
et al. 1984; Greaves, Irisarri, and Monro 1986; Marsman and Popp 1994) as well as in 
humans (Frémond et al. 1987; McCaughan, Bilous, and Gallagher 1985; Emerson et al. 
1980; Steinbrecher et al. 1981). Agents that require continual administration for the stable 
presence and growth of preneoplastic and neoplastic rodent liver lesions can be categorized 
as conditional hepatocarcinogens (Maronpot 2009).

Hepatocellular Adenoma (Figures 130-134)

Synonyms
Adenoma, hepatic; adenoma, liver parenchymal cell; hepatoma, benign; tumor, liver cell, 
benign; hepatoma, benign; type A nodule.

Pathogenesis
Spontaneous and following treatment with hepatotoxins that are carcinogenic xenobiotics; 
with gene alterations in genetically engineered mice.

Diagnostic features
•	 Are often but not always grossly visible as small (1 mm) to large uniformly round  

nodular lesions. 
•	 Histologically lesions are nodular and compressing of adjacent normal hepatocytes. 
•	 Sharply demarcated from surrounding liver parenchyma that is often compressed.  

The compression of adjacent normal hepatocytes should be at least on two quadrants of 
the adenoma. 

•	 Loss of the normal lobular architecture with irregular growth pattern. 
•	 Liver plates often impinge obliquely on surrounding liver parenchyma. 
•	 Hepatocytes with varying size and tinctorial staining pattern occur. 
•	 Adenomas may also be classified morphology by tinctorial and other cytoplasmic  

characteristics as described for foci of cellular alteration. 
•	 Staining of tumor cells may resemble that of the surrounding liver parenchyma and be 

classified as amphophilic. 
•	 Usually single nodules but multiple adenomas may be present. 
•	 Fibrous encapsulation may occur. 
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•	 An enveloped portal triad may occasionally be present. 
•	 Mitotic index may be increased. 
•	 Areas of cellular atypia may be present (pleomorphic nuclei, coarsely clumped chroma-

tin, large nucleoli, increased nucleus to cytoplasm ratio, cytoplasmic basophilia, focal at-
tempts at trabeculae formation as in carcinomas). 

•	 Cells within adenomas may reveal signs of degenerative processes such as intracytoplas-
mic inclusions, hyaline bodies, or vacuoles.

•	 Sinusoids may be compressed or ectatic. 
•	 Necrosis is usually absent. 
•	 Pseudoinvasion of blood vessels may be present. 
•	 Lesions may be grossly visible and/or bulge from natural surfaces. 
•	 May occur in livers with foci of cellular alteration and hepatocellular carcinomas. 

Differential diagnosis
•	 Focus of cellular alteration - liver plates merge imperceptibly with surrounding hepatic 

parenchyma; normal lobular architecture present. 
•	 Regenerative hyperplasia (in damaged liver) - evidence of prior or ongoing hepatocellular 

damage; normal lobular architecture is present, albeit distorted. 
•	 Non-regenerative hyperplasia - some evidence of lobular pattern and presence of central 

veins and portal triads. 
•	 Hepatocellular carcinoma - invasive growth; no clear demarcation; loss of lobular plates, 

architecture, and/or occurrence of cellular atypia; adenoid, trabecular, or poorly differen-
tiated growth.

Comment
Hepatocellular adenomas occur spontaneously with increased incidence in older rodents and 
following treatment with hepatotoxins that are carcinogenic xenobiotics (Harada et al. 1999; 
Eustis et al. 1990; Stinson, Hoover, and Ward 1981). In mice, hepatocellular carcinomas can 
be seen histologically arising within adenomas of both spontaneous and induced adenomas 
(Jang et al. 1992). This process is less common in rats.

Occasionally large proliferative hepatocellular lesions are observed that are difficult to 
diagnose. These lesions can compress adjacent parenchyma and/or bulge from the surface. 
They also have, at least in some areas, normal to slightly distorted lobular architecture with 
central veins and portal triads. The biologic nature of these lesions is unknown but because 
of their size and distinct compression, they are sometimes included in the category of 
hepatocellular adenoma. It is recommended that large lesions of this type with some evidence 
of lobular architecture and the presence of central veins and portal areas be diagnosed as non-
regenerative hepatocellular hyperplasia (described previously in this document).

Hepatocellular Carcinoma (Figures 135-140)

Synonyms
Adenocarcinoma, liver cell; carcinoma, hepatic cell; carcinoma, hepatocellular; carcinoma, 
liver cell; hepatoma, malignant; hepatocarcinoma; nodule, type B.

Pathogenesis
Spontaneous and following treatment with hepatotoxins that are carcinogenic xenobiotics; 
with gene alterations in genetically engineered mice.
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Diagnostic features
•	 Local infiltrating growth and/or lack of distinct demarcation.
•	 Marked cellular pleomorphism may occur.
•	 Alterations of tinctorial staining patterns may occur.
•	 Loss of normal lobular architecture.
•	 Vascular invasion or metastases may be observed.
•	 Increased mitotic index possible.
•	 Bile ducts may be present.
•	 Hemorrhage, necrosis, and extramedullary hematopoietic foci may be present.
•	 May occur as a single morphologic type or a combination of them as in the following.
•	 May metastasize to lung.

 Trabecular
•	 Composed of well differentiated hepatocytes forming trabeculae of multiple 

cell layers. 
•	 The plates alternate with sinusoids. 
•	 Sometimes the sinusoids may be dilated forming blood lakes. 

 Acinar (synonym: glandular)
•	 Neoplastic hepatocytes form a generally single layer around a central clear 

space. 
•	 The acinar structure may vary from tiny to huge cysts. 
•	 Glandular pattern rarely involves more than 50% of the neoplasm. 
•	 Acinar portion is interspersed with areas that have either trabecular or solid 

architecture. 

 Solid 
•	 Cells tend to be poorly differentiated, small, hyperchromatic, and pleomorphic. 
•	 Sometimes predominant cells are spindle shaped. 
•	 Single nuclei or multinucleated giant forms. 
•	 Mitotic figures may be numerous and bizarre. 
•	 The stroma is generally inconspicuous. 
•	 The vascular structures are immature and often thrombosed. 

 Adenoid (mouse) 
•	 A layer of neoplastic cells surrounds luminal structures. 
•	 Lining cells usually consist of strongly basophilic cuboidal cells. 

Differential diagnosis
•	 Focus of cellular alteration - liver plates merge imperceptibly with surrounding hepatic 

parenchyma; normal lobular architecture present. 
•	 Regenerative hyperplasia - evidence of prior or ongoing hepatocyte damage; normal 

lobular architecture present, albeit distorted; demarcated from surrounding liver tissue. 
•	 Non-regenerative hyperplasia - some evidence of lobular pattern and presence of central 

veins and portal triads. 
•	 Hepatocellular adenoma - no local invasiveness, less cellular atypia, sharply demarcated 

from surrounding liver parenchyma. No formation of a trabecular pattern. 
•	 Cholangiocarcinoma - mucus may be present within the adenoid structures. If there is loss 

of mucus it is difficult to distinguish. 
•	 Hemangiosarcoma - proliferation of atypical endothelial cells forming blood spaces. 
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Comment
Occur spontaneously with increased incidence in older rodents and following treatment with 
carcinogenic and hepatotoxic xenobiotics (Bannasch and Zerban 1990; Brooks and Roe 1985; 
Greaves and Faccini 1984; Jones and Butler 1978; Ward 1981; Harada et al. 1999; Eustis et 
al. 1990; Popp 1984, 1985; Vesselinovitch, Mihailovich, and Rao 1978). Diagnosis may be 
modified based on growth pattern (Frith and Wiley 1982).

The trabecular type of hepatocellular carcinoma is the most common form in rats and to a lesser 
extent in mice. Hepatocellular carcinomas may appear to arise within preexisting adenomas, 
especially in mice (Figures 139 and 140). While some authors refer to these lesions as focus 
of carcinoma in adenoma, such lesions should be diagnosed as hepatocellular carcinoma. 
These carcinomas exhibit the same morphological appearance as the carcinomas described 
earlier and hint toward a progression of adenoma into carcinoma. Attention should be paid to 
hemorrhagic areas, where proliferation of endothelial cells or formation of large sinusoidal-
like spaces may lead to the erroneous diagnosis of a vascular tumor.

Hepatoblastoma (Figures 141-144) 

Synonyms
Tumor, mixed, poorly differentiated. 

Pathogenesis
Unknown but origin from liver blastema cells, neoplastic hepatocytes, oval cells, and biliary 
epithelial cells proposed. 

Diagnostic features
•	 Well-circumscribed nodule.
•	 Distinct encapsulation with variable structure may be present.
•	 Organoid structures are lined by vascular cavities filled with blood
•	 The channels are surrounded by several layers of tumor cells.
•	 The cells are arranged either radially or concentrically forming rosettes, trabeculae, or 

pseudo-glandular structures.
•	 The center of the rosettes sometimes contains amphophilic material or small, endothelium-

lined vessel.
•	 Cells are small, strongly basophilic, and elongated. Sometimes they may be more or less 

eosinophilic and have smaller, rounder, and less hyperchromatic nuclei.
•	 Numerous mitotic figures are present.
•	 Areas of large hemorrhage, pigmentation, fibrosis, or necrosis are present.
•	 Osteoid, bone, squamous differentiation, and extramedullary hematopoietic foci may be 

present.

Differential diagnosis
•	 Cholangiocarcinoma (poorly differentiated) - glandular structures with mucus
•	 production are present. Often evidence is present of extensive fibrosis, but not of osteoid, 

or bone formation.
•	 Sarcoma, NOS - only mesenchymal structures are present.
•	 Carcinoma, hepatocellular - only sparse mesenchymal structures are present. Hepatic cell 

differentiation is obvious.
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Comment
Hepatoblastomas consist of organoid structures often oriented around vascular spaces 
(Harada et al. 1999; Nonoyama et al. 1986, 1988; Turusov, Day, et al. 1973; Turusov, Deringer, 
et al. 1973). The cells are primitive in appearance of scant, pale basophilic cytoplasm and 
ovoid hyperchromatic nuclei. They are usually seen with other types of hepatocellular 
tumors, especially within hepatocellular adenomas. Rare reports of this lesion in rats appear 
in literature. They are seen in certain strains of mice and have also been induced by certain 
hepatocarcinogens (Diwan, Ward, and Rice 1989).
Hepatoblastoma is generally seen within or adjacent to hepatocellular neoplasms. In these 
cases, some preference has been expressed for a single diagnosis of hepatoblastoma, rather 
than two diagnoses (the hepatoblastoma and the hepatocellular neoplasm). If this preferred 
convention of using the single diagnosis of hepatoblastoma is not used, then the alternative 
convention will need to be defined by the pathologist. Hepatoblastomas can have high rates 
of lung metastases in some experiments.

Cholangioma (Figures 145 and 146)

Synonyms
Adenoma, bile duct; adenoma, biliary; adenoma, cholangiocellular; cholangioma, benign.

Pathogenesis
Proliferation of biliary cells.

Diagnostic features
•	 Glandular acini may vary in size and shape.
•	 Expansively growing with compression.
•	 Nucleus is round or oval occasionally vesicular with one or two conspicuous nucleoli.
•	 Cytoplasm is somewhat basophilic.
•	 Two types can be distinguished:

Simple:
 – Generally uniform well-circumscribed neoplasm. 
 – Acini are lined by a single layer of cuboidal cells varying in size. 
 – Occasionally the cells are multilayered. 
 – Sparse vascular stroma may occur. 

Cystic: 
 – Characteristically composed of dilated glandular acini. 
 – The acini are lined by cuboidal epithelium. 
 – Papillary structures are occasionally observed, projecting into the lumen of the 

cysts. 
 – Clumps of liver cells may be seen between the cysts. 

Differential diagnosis
•	 Bile duct cyst - lined by flattened epithelium; no expansive growth; not forming acini or 

papillary structures. 
•	 Hyperplasia, bile duct - multifocal, usually widespread. 
•	 Cholangiofibrosis - central portions become atrophic, collagenized, and avascular whereas 

the actively proliferating portion is at the periphery; mucus production is common. 
•	 Cholangiocarcinoma - proliferation of atypical cells, invasive growth. 
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Comment
Cholangioma is rare in control and treated rodents (Bannasch and Zerban 1990; Brooks and 
Roe 1985; Frith and Ward 1979; Greaves and Faccini 1984; Harada et al. 1999; Jones and Butler 
1978; Lewis 1984; Maronpot et al. 1986). 

Cholangiocarcinoma (Figures 147 and 148) 

Synonyms
Adenocarcinoma, bile duct; adenocarcinoma, cholangiocellular; carcinoma, bile duct; 
carcinoma, cholangiocellular; cholangioma, malignant. 

Pathogenesis
Arise from proliferating cholangial cells. 

Diagnostic features 
•	 Biliary structures are usually glandular but may have solid or papillary areas, may be poor 

in or free of mucus, and mostly have a minimal connective tissue component.
•	 Glandular lining cells are hyperbasophilic and have large nuclei and nucleoli but 

occasionally have clear cytoplasm due to accumulated glycogen.
•	 Glands lined by single or multilayered cuboidal or cylindrical cells.
•	 Clear-cut invasion into vascular and lymphatic structures and surrounding parenchyma 

may be present.
•	 May appear as a large solid mass.
•	 Evidence of metastasis or likelihood of metastasis is expected.
 
Differential diagnosis
•	 Cholangiofibrosis - central portions become atrophic, collagenized, and avascular 

whereas the actively proliferating portion is at the periphery; dilated glands with mucus 
production and accompanying inflammation is common. Connective tissue response 
maybe pronounced.

•	 Cholangioma - no invasion, sparse stroma, more uniform cells, single layer of cuboidal 
cells, may have cystic glands.

•	 Carcinoma, hepatocellular (acinar) - no mucus production; contains obvious neoplastic 
hepatocytes.

Comment
Cholangiomas and cholangiocarcinomas are rarely seen as spontaneous neoplasms in rats 
and mice but may occur following exposure to hepatotoxic xenobiotics (Eustis et al. 1990; 
Frith and Ward 1979; Harada et al. 1999; Jones and Butler 1978; Lewis 1984; Narama et al. 
2003). A specific phenotype of cholangiocarcinoma with features of cholangiofibrosis 
consisting of dilated biliary glands, mucus production, intestinal metaplasia, inflammatory 
cell infiltrates, and fibrosis has been diagnosed in rats treated with a variety of hepatotoxic 
xenobiotics (Bannasch and Zerban 1990; Bannasch, Brenner, and Zerban 1985; Sirica 1992; 
Kimbrough and Linder 1974; Maronpot et al. 1986). The distinction between cholangiofibrosis 
and this phenotype of cholangiocarcinoma is difficult and controversial and is primarily based 
on extent of liver involvement since unequivocal metastasis is rare.
These rare lesions of cholangiocarcinoma can contain parameters of cholangiofibrosis but 
show less inflammation and less mucus cyst(s) but with atypical ductular structures and can 
metastasize. It has been proposed to diagnose this specific form of cholangiocarcinoma as 
“cholangiocarcinoma, intestinal type” (Greaves 2007), but that nomenclature as a separate 
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(sub-) diagnosis was not favorably encouraged at a recent scientific workshop (NTP Satellite 
Symposium 2010).

Adenoma, Hepatocholangiocellular (Figures 149 and 150)

Pathogenesis
Proliferation of admixture of hepatocytes and intrahepatic bile duct epithelium. Stem cell 
origin speculated.

Diagnostic features
•	 Features of hepatocellular adenoma and cholangioma are present. 
•	 Areas composed of cords of neoplastic hepatocellular cells merge with areas composed 

of ducts lined by neoplastic epithelium that resembles bile duct epithelium. Hepatocytes 
may be seen forming ductules or ducts. 

•	 The neoplastic biliary epithelium forms slightly dilated acini lined by cuboidal cells. 
•	 Stratification and atypia of the biliary epithelium is minimal or absent. 
•	 Stromal component may be absent. 
•	 Hepatocytes may have some alteration in staining (eosinophilic, basophilic, or clear cell) 

compared to surrounding parenchyma. 
•	 Mitotic figures are rare. 

Differential diagnosis 
•	 Adenoma, hepatocellular - composed of neoplastic hepatocytes. Loss of normal lobular 

architecture with irregular growth pattern. Liver plates often impinge perpendicular or 
obliquely on the surrounding parenchyma. Distinct compression is present.

•	 Cholangioma - composed of neoplastic duct epithelium. Well demarcated; usually soli-
tary. The acini are lined by cuboidal uniform and well-differentiated epithelium.

•	 Carcinoma, hepatocholangiocellular - features of hepatocellular carcinoma and cholan-
giocarcinoma are present. Hepatocytes arranged in nests, solid, trabecular, or glandular 
patterns. Stratification and atypia of biliary epithelial component is present.

Comment
Rare spontaneous lesion. A proliferative mixture of hepatocytes and intrahepatic bile duct 
epithelium with neither component being malignant comprise to this tumor type (Deschl et 
al. 2001; Frith and Ward 1979; Harada et al. 1999; Narama et al. 2003).

Carcinoma, Hepatocholangiocellular (Figures 151 and 152) 

Pathogenesis
Proliferation of admixture of hepatocytes and intrahepatic bile duct epithelium. Stem cell 
origin speculated. 

Diagnostic features 
•	 Features of hepatocellular carcinoma and cholangiocarcinoma are present. 
•	 The hepatocytic component may be arranged in trabecular, glandular, or solid patterns. 
•	 The biliary component may form acini or small nests without lumen. Stratification or 

cellular atypia may occur. 
•	 Occasionally ducts lined by both cell types, hepatocytic and biliary epithelial cells, may 

be present.
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•	 Areas of hemorrhage and necrosis may be present. Mitotic figures may be numerous.

Differential diagnosis
•	 Carcinoma, hepatocellular - composed of malignant hepatocytes. 
•	 Cholangiocarcinoma - composed of malignant duct epithelium. 
•	 Adenoma, hepatocholangiocellular - features of hepatocellular adenoma and cholan-

gioma are present. Hepatocytic component has typical cord-like arrangement of cells. 
Evidence of stratification and atypia of biliary epithelial component is minimal or absent. 

Comment
Rare spontaneous lesion. This neoplasm contains neoplastic elements of both hepatocytes 
and bile duct epithelium (Deschl et al. 2001; Frith and Ward 1979; Harada et al. 1999; Narama 
et al. 2003; Teredesai, Wohrmann, and Schlage 2002). A diagnosis of malignancy may be 
based on just one of the components being malignant.

Tumor, Ito Cell, Benign (Figures 153 and 154)

Synonyms
Fat-storing cell tumor; stellate cell tumor, lipoma.

Pathogenesis
Arises from fat-storing perisinusoidal cells, so-called Ito-cells.

Diagnostic features
•	 Unicentric or multicentric unencapsulated mass. 
•	 Focal or diffuse accumulation of tumor cells. 
•	 Partially distinct compression of adjacent hepatic parenchyma. 
•	 May grow in sheets, clusters, or along cords of hepatocytes. 
•	 Cells vary in size and shape and are vacuolated. 
•	 Multiple cytoplasmic fat droplets of different size occur. 
•	 The nuclei are ovoid or round and may be indented by cytoplasmic lipid droplets. 
•	 Frequently evidence of atrophy of adjacent liver tissue is present. 
•	 Modest amount of collagenous matrix may be present. 
•	 At the margin of the lesion, spindle-shaped cells are frequently observed.
•	 Unencapsulated.

Differential diagnosis 
•	 Ito cell hyperplasia - multicentric lipomatous lesion or a singular small lesion that 

does not show distinct compression of surrounding liver parenchyma. 
•	 Liposarcoma - various types of fat cells, foam cells, giant cells, myxoid cells, or fibroblast-

like cells may be present. 

Comment
Ito cell neoplasms are extremely rare. As a consequence, the histogenesis and the biological 
behavior of these tumors are not well established (Dixon et al. 1994; Enzan 1985; Tillmann et 
al. 1997).
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Histiocytic Sarcoma (Figure 155) 

Synonym
Kupffer cell sarcoma. 

Pathogenesis
May arise from fixed macrophages (Kupffer cells) attached to the sinusoidal endothelial cells 
or from circulating macrophages, unless metastasized from other organs (e.g., skin, uterus). 

Diagnostic features
•	 Characteristically form nodules within the liver that may contain a central area of  

necrosis surrounded by palisaded tumor cells (multicentric origin). 
•	 Uniform population of rounded or oval cells with foamy, eosinophilic cytoplasm,  

indistinct cell boundaries, and elongated or folded nuclei. 
•	 Sometimes are present multinucleated giant cells of foreign body scattered throughout 

the tumor. 
•	 Atypical cells are sparse, pleomorphism is usually absent, and mitotic figures may be 

numerous. 
•	 The tumors grow along sinusoids and vessels and frequently involve other organs  

such as the lung and spleen. 
•	 Metastases and spread on serosal surfaces and in the vascular spaces are common. 
•	 Minimal fibrosis may be present. 

Differential diagnosis 
•	 Malignant fibrous histiocytoma - the tumor has a mixed cell population of histiocyte-

like cells, bizarre tumor giant cell, fibroblasts, and undifferentiated cells. The fibrous 
component is always prominent.

•	 Malignant lymphoma - no giant cells are seen and lymph nodes and spleen are frequently 
involved. Histiocytic sarcoma and lymphoma may occur together in the liver.

Comment
Histiocytic sarcomas occur at a low frequency in rats and mice (Harada et al. 1999; Eustis et 
al. 1990). The tumor can be part of a systemic lesion involving various tissues (spleen, lung, 
and uterus); when involving only the liver it is sometimes referred to as Kupffer cell sarcoma 
(Deschl et al. 2001; Carlton et al. 1992). 

Hemangioma (Figures 156 and 157) 

Synonym
Hemangioendothelioma, benign. 

Pathogenesis
Arises from endothelial cells lining vascular spaces, most commonly of the hepatic sinusoids. 

Diagnostic features 
•	 A moderate compression of the surrounding tissues is usually seen. 
•	 The tumor is rarely encapsulated. 
•	 Blood-filled spaces lined with a single layer of prominent uniform endothelial cells  

without atypia. 
•	 Mitotic figures are rarely present. 
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•	 Solid cellular areas of uniform cells without atypia may occur. 
•	 Often multifocal in the liver or in livers with angiectasis of mice. 

Capillary type
•	 Closely packed capillary structures. 
•	 Minimal stroma between the vascular spaces. 

Cavernous type
•	 Large vascular channels. 
•	 Abundant connective tissue between the larger channels. 

Differential diagnosis 
•	 Angiectasis - dilated vessels or sinusoids are not increased in number and have normal 

structure and well-differentiated endothelial cells.
•	 Hyperplasia, angiomatous - the hyperplastic vessels are lined by a normal endothelium 

and cause no or only minimal compression of the surrounding tissues.
•	 Lymphangioma - the vascular spaces are devoid of erythrocytes.
•	 Hemangiosarcoma - cytological and histological features of malignancy are present, such 

as cellular pleomorphism, increased mitotic activity, tissue invasion, or metastases.
•	 Hemangiopericytoma, benign - the tumor consists of tightly packed spindle-shaped 

tumor cells encircling thin-walled vascular channels (“fingerprints”). In reticulin-stained 
sections, a dense reticulin meshwork surrounds individual tumor cells.

Comment
The occurrence of hemangiomas in rodents has been well documented (Booth and Sundberg 
1996; Carter 1973; Faccini, Abbott, and Paulus 1990; Frith and Ward 1988; Frith and Wiley 
1982; Heider and Eustis 1994; Jones and Butler 1975; Maita et al. 1988; Greaves and Barsoum 
1990; Greaves and Faccini 1984; Mitsumori 1990; Peckham and Heider 1999; Stewart 1979; 
Stewart et al. 1980; Squire and Levitt 1975; Ward et al. 1979; Yamate et al. 1988; Zwicker et al. 
1995). The cavernous type of hemangioma is considered by some authors to be a congenital 
malformation rather than a neoplasm.

Hemangiosarcoma (Figures 158-160)

Synonym
Hemangioendothelioma, malignant.

Pathogenesis
Arises from pluripotential mesenchymal stem cells; endothelial cells of blood vessels or 
hepatic sinusoids.

Diagnostic fxeatures
•	 The endothelial lining cells have a moderate pleomorphism. 
•	 Endothelial cells may be multilayered and/or clustered. 
•	 Various vascular patterns may be present, but vessels are not well formed. 
•	 Undifferentiated or fibrosarcomatous areas may also be seen. 
•	 Mitotic figures are often present. 
•	 Local invasion and metastases are often present. 
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Differential diagnosis
•	 Granulation tissue - the newly formed blood vessels are typically arranged perpendicular 

to fibroblasts, collagen bundles, and surfaces with no cytological and histological features 
of malignancy.

•	 Hemangioma - no cytological and histological features of malignancy such as cellular 
pleomorphism, increased mitotic activity, tissue invasion, or metastases are present.

•	 Hemangiopericytoma, malignant - the tumor consists of tightly packed spindle-shaped 
tumor cells that have cytological features of malignancy and encircle thin-walled vascular 
channels (“fingerprints”).

•	 Fibrosarcoma - the tumor lacks a distinct vascular pattern with prominent endothelial cells.

Comment
As in the case of hemangiomas, the occurrence of hemangiosarcomas in rodents has been well 
described in the published literature (Binhazim, Coghlan, and Walker 1994; Booth and Sundberg 
1996; Faccini, Abbott, and Paulus 1990; Frith and Ward 1988; Frith and Wiley 1982; Giddens 
and Renne 1985; Greaves and Barsoum 1990; Greaves and Faccini 1984; Heider and Eustis 
1994; Jones and Butler 1975; Maita et al. 1988; Mitsumori 1990; Morgan et al. 1984; Peckham 
and Heider 1999; Popper, Maltoni, and Selikoff 1981; Pozharisski and Turusov 1991; Sakamoto, 
Takayama, and Hosoda 1989; Solleveld et al. 1988; Stewart 1979; Yamate et al. 1988).

Endothelial cell-derived hemangiosarcomas can be induced in rats and mice by a wide 
range of industrial, natural, and pharmaceutical compounds. There are numerous examples 
documenting the progress that is being made in recent years in suggesting the genesis and 
potential relevance for human risk assessment of these tumors (Klaunig and Kamendulis 
2005; Laifenfeld et al. 2010; Ohnishi et al. 2007). 

5.8. Other liver lesions

Extramedullary Hematopoiesis (Figures 161 and 162)

Synonym
Hematopoietic cell proliferation; myelopoiesis; erythropoiesis.

Pathogenesis
In adult rodent, a response to increased hematopoietic demand.

Diagnostic features
•	 Small aggregates of hematopoietic cells are randomly distributed in the hepatic sinusoids 

as well as around central veins and in portal areas. 
•	 Both erythyroid and granulocytic cells may be present in the aggregates; rarely meg-

akaryocytes may be present. 
•	 Typically not associated with hepatocellular necrosis or degeneration. 

Differential diagnosis
•	 Mononuclear cell aggregates - lymphocytes and histiocytic cells present alone or in 

addition to mature myeloid cells. 
•	 Focal inflammation - mixed mature leukocytes, often associated with or a response 

to cellular necrosis. 
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Comment
Extramedullary hematopoiesis (EMH) can be observed in rodent liver occasionally in response 
to an increased hematopoietic demand. Hematopoiesis is normally found in the embryonic 
liver where embryonic hematopoiesis dramatically expands at mid-gestation but decreases 
after birth. Hepatic EMH is seen more common in rodents than in man, more common in mice 
than rats, and more often observed in females as compared to males as a general rule (Eustis et 
al. 1990; Harada et al. 1996, 1999). Precipitating factors for the occurrence are: anemia, stress, 
xenobiotic toxicity, infection, neoplasia (e.g., histiocytic sarcoma), and pregnancy. When the 
erythroid precursors predominate, often the term extramedullary erythropoiesis is used.

Intrahepatocellular Erythrocytes (Figure 163) 

Synonyms
Emperipolesis, cytoplasmic inclusions; hepatic erythrophagocytosis. 

Pathogenesis
Unknown. 

Diagnostic features
•	 Individual or small clusters of enlarged hepatocytes containing intact erythrocytes. 
•	 Affected hepatocytes are markedly enlarged. 
•	 Marginated hepatocyte nucleus. 

Differential diagnosis
•	 Angiectasis - dilated vascular spaces lined by endothelial cells; dilated vascular channels 

and spaces frequently contain erythrocytes. 
•	 Cystic degeneration - consists of enlarged stellate cells with flocculent eosinophilic 

cytoplasm. 

Comment
The intracytoplasmic inclusion of large numbers of erythrocytes in hepatocytes has been 
seen exclusively in mice (Harada et al. 1999). It has occurred in at least nine separate cancer 
bioassays and one fourteen-day study in B6C3F1 mice. In two of these studies it appears to 
have been exacerbated or possibly caused by treatment. 

Attempts to demonstrate active erythrophagocytosis by electron microscopy have been 
unsuccessful. A potential mechanism is emperiopolesis. Internalization of erythrocytes in 
hepatocytes has been reported in hibernating frogs (Barni and Bernocchi 1991).

Pancreatic Acinar Metaplasia (Figures 164 and 165)

Pathogenesis
Islands of pancreatic tissue localized within the hepatic parenchyma are rare spontaneous 
occurrences in rats but have been reported following prolonged exposures to polychlorinated 
biphenyls (Kimbrough 1973; Eustis et al. 1990; Greaves 2007).

Diagnostic features
•	 The islands of pancreatic tissue resemble normal acinar pancreas with zymogen granules. 
•	 An integrated component of the hepatic tissue. 
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Differential diagnosis
•	 Artifact during tissue processing - tissue “floater”. 
•	 Metastatic pancreatic acinar neoplasia - locally invasive with tissue destruction; presence 

of a primary pancreatic acinar neoplasm in the pancreas. 
•	 Ectopic pancreatic tissue - a collection of pancreatic tissue adjacent to but not integrated 

within hepatic parenchyma. 

Comment
In spontaneous cases, a distinction between metaplasia and ectopic pancreas may not be 
possible. Since both pancreas and liver are embryologically related, there is a definite potential 
for metaplasia. 

Hepatocytes, Glandular Metaplasia (Figures 166 and 167)

Pathogenesis
Proliferation of hepatocytes to form glandular structures. 

Diagnostic features
•	 A few to numerous glandular structures diffusely scattered in the hepatic parenchyma. 
•	 May also be present in hyperplastic nodules and hepatocellular adenomas. 
•	 Vary in size from one to ten times the diameter of a portal bile duct. 
•	 Lining cells resemble hepatocytes but smaller more cuboidal glandular cells resemble 

biliary epithelium. 
•	 Glandular lumen may contain granular eosinophilic material and sometime free blood  

cells. 

Differential diagnosis
•	 Cholangioma; glandular acini may vary in size and shape, expansively growing with 

compression. 
•	 Hepatocholangioma; features of hepatocellular adenoma and cholangioma are present. 

Comment
Partial replacement of hepatic parenchyma by glandular structures with features resembling 
hepatocytes has been observed in chronic studies of 3, 3’, 4, 4’, 5-pentachlorobiphenyl 
and 2, 3’, 4, 4’, 5-pentachlorobiphenyl (NTP Toxicology and Carcinogenesis Studies 2006). 
It is speculated that the glandular structures represent abnormal differentiation of hepatic 
precursor cells (NTP Toxicology and Carcinogenesis Studies 2006).

Intravascular Hepatocytes (Figure 168)

Synonyms
Vascular pseudoinvasion; vascular infiltration of hepatocytes.

Pathogenesis
Unknown. Sporadic occurrence.
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Diagnostic features
•	 Protrusion of normal appearing hepatocytes into hepatic veins and within the contour of 

the vessel. 
•	 Usually involves medium to large size hepatic veins. 
•	 Infiltrating hepatocytes are covered by an endothelial cell lining. 

Differential diagnosis
•	 Extension of perivascular focus of cellular alteration, usually basophilic. 
•	 Metastatic hepatocellular carcinoma. 

Comment
Intravascular infiltration of hepatocytes is rarely seen in control and treated mice. A similar 
change was reported in diethylnitrosamine treated mice as part of a basophilic focus of cellular 
alteration response (Goldfarb et al. 1983; Koen, Pugh, and Goldfarb 1983). The significance of 
this change is unknown. 

5.9. Gallbladder Lesions 

Congenital lesions

Heterotopic Hepatocytes 

Pathogenesis
Developmental anomaly; postnatal transdifferentiation. 

Diagnostic features
•	 Cells morphologically identical to mature hepatocytes are present in the submucosa of 

the gallbladder (Harada et al. 1999).

Differential diagnosis
•	 Metastatic hepatocellular neoplasm - locally invasive expansile mass of atypical 

hepatocytes. 
•	 Artifact - tissue “floater”. 

Heterotopic Acinar Pancreas (Figures 169 and 170) 

Pathogenesis
Developmental abnormality; postnatal transdifferentiation. 

Diagnostic features
•	 Mature pancreatic acinar tissue located in wall of the gallbladder (Harada et al.1999).

Differential diagnosis
•	 Metastatic pancreatic acinar carcinoma - locally invasive neoplasm with distortion and/or 

destruction of gallbaldder tissue. 
•	 Pancreatic metaplasia - smoothly integrated normal appearing pancreatic tissue within 

the gallbladder mucosa.
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Degenerative Lesions

Hyalinosis, Gallbladder (Figures 171-174)

Synonyms
Hyalinosis, cytoplasmic inclusions, crystals.

Pathogenesis
A change in the gallbladder epithelium that can be induced by inflammation and unknown 
factors.

Diagnostic features
•	 The gallbladder epithelial cells contain a hyaline cytoplasm, which is uniformly eosinophilic. 
•	 The protein is usually immunoreactive for Ym1/Ym2. 
•	 Epithelial cells may contain eosinophilic needle-like crystals and the same and larger 

crystals may be seen extracellularly. 
•	 Maybe associated with hyalinosis in other tissues, such as bile duct epithelium, stomach, 

and lung. 

Differential diagnosis 
•	 Other degenerative cellular changes without hyalinized eosinophilic cytoplasm. 
•	 Amyloidosis - pale eosinophilic extracellular deposits. 

Comment
The hyaline protein in the cells has been shown to be Ym1/Ym2 (now Chi313), a 
chitinase-like protein, with unknown functions. In sickle cell mice, it is associated with 
gallstones. Hyalinosis is rare in most lines of mice (Harada et al. 1999; Hsu et al. 2006; 
Yang and Campbell 1964) but may occur in high incidence in 129 and B6;129 mice (Ward  
et al. 2001) and in some genetically engineered mouse lines. Hyalinosis is reported to occur 
in increased incidence in B6C3F1 female mice exposed to penicillin. 

Glandular Metaplasia 

Synonym
Adenomatoid change. 

Pathogenesis
Spontaneous and associated with inflammatory and proliferative changes in gallbladder. 

Diagnostic features
•	 Thickened mucosa with diffuse or focal proliferation of tall columnar cells forming 

numerous glands in the lamina propria. 
•	 The gallbladder epithelial cells may show increased cell proliferation. 
•	 Hypertrophic columnar cells with uniform, homogeneous, bright eosinophilic cytoplasm 

forming glandular structures with lumen containing eosinophilic crystals. 
•	 Chronic inflammation of the gall bladder may be present. 
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Comment
Glandular metaplasia has been observed at low prevalence in the gallbladder and intra-
hepatic bile ducts (all associated with cholelithiasis), cholecystitis, cholangitis, papillomatous 
hyperplasia, papilloma, intra-mural cysts, and focal epithelial ulceration of aged mice from 
life span carcinogenicity studies. The lesions are found predominantly in female mice (Lewis 
1984) and can occur spontaneously in some strains of mice. Other metaplastic changes have 
also been described in the human gallbladder, including goblet cells, paneth cells, and/or 
enterochromaffin cells in the mucosa (Hruban, Argani, and Ali 2006).

Gallbladder, Calculi (Figures 175 and 176)

Synonyms
Stones, gallstones, choleliths.

Pathogenesis
Excess dietary factors and altered metabolism.

Diagnostic features
•	 Grossly visible concretion(s) in the gallbladder of mice.
•	 Grossly, may be solid or soft, single or multiple, and of various colors including white and 

pigmented (yellow, grey). 
•	 Depending on the etiology, the stone may be composed of a mixture of cholesterol, 

calcium salts, hemoglobin, and occasionally as a pure stone composed of just one of 
these substances. 

•	 Often associated with inflammatory lesions of the gallbladder. 

Differential diagnosis 
•	 Mineralization - associated with necrosis, necrotic benign or malignant tumor, and 

inflammatory conditions. 
•	 Neoplasia (Gross) - histologically, it is neoplastic. 
•	 Inflammation - inflammatory exudates may be seen without gallstone formation. 
•	 Parasites - can be seen histologically as parasites. 

Comment
Gallstones are rare spontaneously in mice but may be experimentally induced by various 
methods (Chang, Suh, and Kwon 1999; Hsu et al. 2006; Ichikawa et al. 2009; Lee and Scott 
1982; Lewis 1984; Rege and Prystowsky 1998; Tepperman, Caldwell, and Tepperman 1964; 
Trotman et al. 1983; Xie et al. 2009).

Inflammatory Lesions

 
Cholecystitis (Figures 177 and 178) 

Synonym
Inflammation, gallbladder.

Pathogenesis
Toxicant exposure and bacterial and viral infections (Greaves 2007; Harada et al. 1999). 
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Diagnostic features
•	 May be accompanied by ulcers or erosions of the mucosal lining cells. 
•	 Types of inflammation range from acute to chronic, including a granulomatous reaction. 
•	 Lumen may contain necrotic cellular debris. 
•	 Mucosal hyperplasia and mucinous metaplasia may be present in some cases of 

inflammation. 
•	 Initial change may be submucosal edema. 

Proliferative Lesions

Hyperplasia, Gallbladder (Figures 179 and 180)

Pathogenesis
Irritation of gallbladder mucosa and after xenobiotic exposure.

Diagnostic features
•	 Lesion is often small. 
•	 Lesion varies from a few cells on papillary folds to small papillary projections. 
•	 Epithelium is usually single layered. 
•	 Cells are well differentiated. 
•	 Minimal atypia may be present. 

Differential diagnosis 
•	 Adenoma - growth pattern is disordered. May exhibit some atypia. 
•	 Adenocarcinoma - increased cellular atypia. Disordered growth pattern. Invasive growth. 
•	 Adenomatoid change/glandular metaplasia - focal or diffuse proliferation of epithelial 

cells forming glandular structures. Cells are well differentiated, usually columnar, and 
eosinophilic, with little or no cellular atypia. Distinct eosinophilic crystals are present in 
cytoplasm, or in lumen of glands. 

Comment
Details related to gallbladder hyperplasia can be found in several references (Deschl et al. 
2001; Harada et al. 1996, 1999; Yoshitomi, Alison, and Boorman 1986; Yoshitomi and 
Boorman 1994).

Adenoma, Gallbladder (Figures 181-183) 

Synonym
Adenoma, papillary. 

Pathogenesis
Arises from epithelium of gallbladder. 

Diagnostic features
•	 In general well differentiated and solitary.
•	 Growth is disordered, predominantly papillary- or cauliflower-like.
•	 Epithelium is single layered, but occasionally may be multilayered.
•	 Amount of fibrovascular stroma is variable. 
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•	 Cells may exhibit some atypia, with enlarged nuclei or even giant nuclei with one or two 
nucleoli. 

•	 Mitotic figures may be present. 
•	 Often inflammatory cellular infiltration and focal mineralization of the stroma may be 

present. 

Differential diagnosis
•	 Hyperplasia (focal) - small lesion. Exhibits only little evidence of atypia.
•	 Adenocarcinoma - increased cellular atypia. Disordered growth pattern. Invasive growth.
•	 Adenomatoid change/glandular metaplasia - focal or diffuse proliferation of epithelial 

cells forming glandular structures. Cells are well differentiated, usually columnar, and 
eosinophilic, with little or no cellular atypia. Distinct eosinophilic crystals are present in 
cytoplasm, or in lumen of glands.

Comment
Benign and malignant epithelial neoplasms of the gallbladder are described in several 
published references (Deschl et al. 2001; Harada et al. 1996, 1999; Lewis 1984; Yoshitomi, 
Alison, and Boorman 1986; Yoshitomi and Boorman 1994).

Adenocarcinoma, Gallbladder

Pathogenesis
Arises from epithelium of the gallbladder.

Diagnostic features
•	 May be a sessile broad-based mass or characterized by diffusely thickening of mucosa. 
•	 Growth pattern is disordered. 
•	 Cellular atypia is present. 
•	 Cytoplasm is scant and basophilic. 
•	 Nuclei are enlarged. 
•	 Mitotic figures are common. 
•	 Invasion of the wall of the gallbladder or of adjacent tissue. 

Differential diagnosis
•	 Hyperplasia - lesion is small. Exhibits only little evidence of atypia.
•	 Adenoma - no evidence of invasive growth. Less cellular atypia.
•	 Adenomatoid change (glandular metaplasia) - focal or diffuse proliferation of epithelial 

cells forming glandular structures. Cells are well differentiated, usually columnar, and 
eosinophilic, with little or no cellular atypia. Distinct eosinophilic crystals are present in 
cytoplasm, or in lumen of glands.

Comment
Benign and malignant epithelial neoplasms of the gallbladder are described in several 
published references (Deschl et al. 2001; Harada et al. 1996, 1999; Lewis 1984; Yoshitomi, 
Alison, and Boorman 1986; Yoshitomi and Boorman 1994).



Figure 1 - Gross appearance and tissue trimming recommendations for a normal rodent liver (Ref. to http://reni.
item.fraunhofer.de/reni/trimming/index.php). Figure 2 - Two-dimensional microarchitecture of the liver. Figure 71: 
A descriptive approach for classifying inflammatory responses in the liver. Figure 3 - Rat liver. Hepatodiaphrag-
matic nodule. Figure 4 - Rat liver. Hepatodiaphragmatic nodule with intranuclear inclusions (chromatin). Higher 
magnification of Figure 3. Figure 5 - Rat liver. Macrovesicular fatty change. Figure 6 - Rat liver. Macrovesicular fatty 
change. Higher magnification of Figure 5. 



Figure 7 - Mouse liver. Fatty change, microvesicular. Figure 8 - Mouse liver. Mixture of fatty change and cytoplasmic 
glycogen. Figure 9 - Mouse liver. Mixture of fatty change and cytoplasmic glycogen. Higher magnification of 
Figure 8. Figure 10 - Mouse liver. Tension lipidosis. Figure 11 - Mouse liver. Tension lipidosis. Higher magnification 
of Figure 10. Figure 12 - Rat liver. Focal fatty change. 



Figure 13 - Rat liver. Focal fatty change. Higher magnification of Figure 12. Figure 14 - Rat liver. Phospholipidosis. Figure 
15 - Rat liver. Phospholipidosis. Higher magnification of Figure 14. Figure 16 - Rat liver. Phospholipidosis. EM 
concentric membrane bound lysosomal myeloid bodies/ lamellar bodies. Figure 17 - Rat liver. Phospholipidosis. 
Central microvesiculation; positive LAMP-2 staining. Figure 18 - Mouse liver. Amyloidosis. 



Figure 19 - Mouse liver. Amyloidosis. Higher magnification of Figure 18. Figure 20 - Mouse liver. Focal mineralization 
associated with centrilobular necrosis. Figure 21 - Mouse liver. Pigment deposition in a focus of histiocytes. Figure 
22 - Rat liver. Pigmentation. Figure 23 - Mouse liver. Centrilobular hypertrophy with cholestasis. Figure 24 - Mouse 
liver. Cholestasis. 



Figure 25 - Rat liver. Pigment in hypertrophic hepatocytes consistent with bile. Cholestasis. Figure 26 - Mouse 
liver. Hyalinosis of hyperplastic bile ducts with crystal formation and peribiliary inflammatory cell infiltrate. Figure 
27 - Mouse liver. Hyalinosis of hyperplastic bile ducts with crystal formation and peribiliary inflammatory cell 
infiltrate. Higher magnification of Figure 26. Figure 28 - Mouse liver. Hyalinosis of hyperplastic bile ducts with 
crystal formation. Figure 29 - Mouse liver. Numerous intracytoplasmic hyaline bodies in a hepatocellular adenoma. 
Figure 30 - Mouse liver. Intranuclear inclusion body, cytoplasmic invagination. 



Figure 31 - Mouse liver. Intranuclear inclusion bodies. Figure 32 - Mouse liver. Cytoplasmic inclusions in a 
hepatocellular adenoma. Figure 33 - Mouse liver. Plasma influx. Figure 34 - Mouse liver. Centrilobular hepatocellular 
hypertrophy. Figure 35 - Mouse liver. Higher magnification of centrilobular hepatocellular hypertrophy. Figure 36 - 
Mouse liver. Hepatocellular hypertrophy. 



Figure 37 - Mouse liver. Hepatocellular hypertrophy. Figure 38 - Mouse liver. Centrilobular hepatocellular 
hypertrophy. Figure 39 - Rat liver. Hepatocellular hypertrophy with eosinophilic granular cytoplasm following 
treatment with a peroxisome proliferating xenobiotic. Figure 40 - Rat liver. Hepatocellular hypertrophy following 
treatment with a peroxisome proliferating xenobiotic. Figure 41 - Rat liver. Hepatocyte enlargement confirmed as 
mitochodrial hypertrophy. Figure 42 - Rat liver. Atrophy.



Figure 43 - Mouse liver. Hepatic atrophy. Figure 44 - Mouse liver. Cytoplasmic alteration. Figure 45 - Mouse liver. 
Hydropic degeneration. Figure 46 - Rat liver. Cystic degeneration. Figure 47 - Rat liver. Cystic degeneration. Figure 
48 - Mouse liver. Apoptosis.



Figure 49 - Mouse liver. Apoptosis. Figure 50 - Mouse liver. Apoptosis. Figure 51 - Mouse liver. Necrosis, focal. 
Figure 52 - Mouse, liver. Necrosis, multifocal. Figure 53 - Mouse liver. Necrosis, focal. Figure 54 - Rat liver. Bridging 
centrilobular necrosis.



Figure 55 - Rat liver. Bridging centrilobular necrosis. Higher magnification of Figure 54. Figure 56 - Rat liver. 
Centrilobular necrosis with early bridging. Figure 57 - Rat liver. Centrilobular necrosis with early bridging. Higher 
magnification of Figure 56. Figure 58 - Rat liver. Centrilobular bridging necrosis with mineralization. Figure 59 - Rat 
liver. Centrilobular bridging necrosis with mineralization. Higher magnification of Figure 58. Figure 60 - Rat liver. 
Midzonal necrosis.



Figure 61 - Rat liver. Midzonal necrosis. Higher magnification of Figure 60. Figure 62 - Mouse liver. Periportal 
necrosis. Figure 63 - Mouse liver. Diffuse necrosis with inflammation and bile duct hyperplasia in lower left 
of figure. Figure 64 - Mouse liver. Diffuse necrosis. Higher magnification of Figure 63. Figure 65 - Mouse liver. 
Karyocytomegaly. Figure 66 - Mouse liver. Multinucleated hepatocytes. Karyocytomegaly.



Figure 67 - Rat liver. Biliary cysts. Figure 68 - Rat liver. Biliary cysts. Figure 69 - Rat liver. Biliary cysts. Higher 
magnification of Figure 68. Figure 70 - Mouse liver. Generalized inflammation, postnecrotic mild fibrosis. Mouse 
hepatitis virus infection. Figure 71 - A descriptive approach for classifying inflammatory responses in the liver. 
Infiltration, (see page 42). Figure 72 - Mouse liver. Focal neutrophil infiltrate associated with hepatocyte necrosis.



Figure 73 - Mouse liver. Multifocal mononuclear cell infiltrates. Norovirus infection. Figure 74 - Rat liver. Infitration, 
mononuclear. Granulomatous inflammation with pigment-laden histiocytes and multinucleated giant cells. Figure 
75 - Rat liver. Mixed inflammatory cell infiltrate and granulomatous inflammation. Figure 76 - Mouse liver. 
Infiltration, mononuclear (microgranulomas). Figure 77 - Rat liver. Infiltration, mononuclear. Figure 78 - Rat liver. 
Infiltration, mononuclear. Granulomatous inflammation (cholesterol granuloma). 



Figure 79 - Rat liver. Mixed cell inflammatory cell infiltration (cholesterol granuloma). Higher magnification of 
Figure 78. Figure 80 - Mouse liver. Focal neutrophil infiltrate. Figure 81 - Mouse liver. Periportal inflammatory 
cell infiltrate. Figure 82 - Rat liver. Fibrosis. Early bridging between lobules. Figure 83 - Rat liver. Fibrosis. Higher 
magnification of Figure 82. Figure 84 - Mouse liver. Silver stain demonstrating Helicobacter sp.



Figure 85 - Rat liver. Chronic passive congestion. Figure 86 - Rat liver. Angiectasis. Figure 87 - Rat liver. 
Angiectasis. Figure 88 - Rat liver. Thrombosis with associated area of necrosis. Figure 89 - Mouse liver. Infarcted 
lobe. Figure 90 - Mouse liver. Infarct. 



Figure 91 - Rat liver. Endothelial karyomegaly (sinusoidal cell karyomegaly). Figure 92 - Mouse liver. Increased 
mitoses. Figure 93 - Rat liver. Diffuse basophilic focus. Figure 94 - Rat liver. Diffuse basophilic focus. Higher 
magnification of Figure 93. Figure 95 - Rat liver. Basophilic (tigroid) focus of cellular alteration. Figure 96 - Rat liver. 
Basophilic focus of cellular alteration with cystic degeneration. 



Figure 97 - Rat liver. Basophilic focus of cellular alteration. Figure 98 - Rat liver. Eosinophilic focus of cellular 
alteration. Figure 99 - Rat liver. Eosinophilic focus of cellular alteration. Higher magnification of Figure 98. Figure 
100 - Rat liver. Eosinophilic focus of cellular alteration with pale pink cytoplasm. Figure 101 - Mouse liver. Large 
basophilic focus of cellular alteration with glycogen present in centrally located hepatocytes. Figure 102 - Mouse 
liver. Large basophilic focus of cellular alteration with glycogen present in centrally located hepatocytes. Higher 
magnification of the edge of Figure 102. 



Figure 103 - Rat liver. Mixed cell foci. Figure 104 - Rat liver. Mixed cell focus. Higher magnification of Figure 
103. Figure 105 - Mouse liver. Clear cell focus. Figure 106 - Mouse liver. Clear cell focus. Higher magnification of 
Figure 105. Figure 107 - Rat liver. Clear cell focus of cellular alteration. Figure 108 - Rat liver. Amphophilic focus. 



Figure 109 - Rat liver. Early non-regenerative hyperplasia. Figure 110 - Rat liver. Non-regenerative hyperplasia. Figure 
111 - Rat liver. Regenerative hyperplasia. Figure 112 - Rat liver. Regenerative hyperplasia. Higher magnification of 
Figure 111.  Figure 113 - Rat liver. Regenerative hyperplasia. Higher magnification of Figure 111. Figure 114 - Mouse 
liver. Kupffer cell hyperplasia.



Figure 115 - Mouse liver. Kupffer cell hyperplasia. Figure 116 - Mouse liver. Ito cell hyperplasia. Figure 117 - 
Mouse liver. Ito cell hyperplasia. Higher magnification of Figure 116. Figure 118 - Mouse liver. Ito cell hyperplasia, 
multifocal. Figure 119 - Rodent liver. Bile duct hyperplasia. Figure 120 - Rat liver. Bile duct hyperplasia with 
associated mononuclear inflammatory cell infiltrate.



Figure 121 - Rat liver. Bile duct hyperplasia with mononuclear inflammatory cell infiltration and early 
fibrosis. Figure 122 - Rat liver. Bile duct hyperplasia. Figure 123 - Rat liver. Cholangiofibrosis. Figure 124 - Rat liver. 
Cholangiofibrosis. Figure 125 - Rat liver. Cholangiofibrosis. Figure 126 - Rat liver. Cholangiofibrosis. 



Figure 127 - Rat liver. Oval cell hyperplasia. Figure 128 - Mouse liver. Oval cell hyperplasia. Figure 129 - Mouse 
liver. Oval cell hyperplasia. Figure 130 - Mouse liver. Large hepatocellular adenoma. Figure 131 - Mouse liver. 
Hepatocellular adenoma, eosinophilic. Figure 132 - Mouse liver. Hepatocellular adenoma, eosinophilic. Higher 
magnification of Figure 131. 



Figure 133 - Mouse liver. Hepatocellular adenoma. Figure 134 - Mouse liver. Hepatocellular adenoma. High 
magnification of Figure 133. Figure 135 - Mouse liver. Hepatocellular carcinoma. Figure 136 - Mouse liver. 
Hepatocellular carcinoma. Prominent glandular formation. Higher mignification of Figure 135. Figure 137 - Mouse 
liver. Hepatocellular carcinoma. Prominent glandular and trabecular formation. Higher mignification of Figure 
135. Figure 138 - Mouse liver. Hepatocellular carcinoma with trabecular and glandular formation. 



Figure 139 - Mouse liver. Hepatocellular carcinoma arising in a hepatocellular adenoma. Figure 140 - Mouse liver. 
Hepatocellular carcinoma arising in a hepatocellular adenoma. Higher magnification of figure 139. Figure 141 - 
Mouse liver. Hepatoblastoma. Figure 142 - Mouse liver. Hepatoblastoma. Higher magnification of Figure 141. Figure 
143 - Mouse liver. Hepatoblastoma. Osseous metaplasia is present. Figure 144 - Mouse liver. Hepatoblastoma. 
High magnification of Figure 143. 



Figure 145 - Mouse liver. Cholangioma. Figure 146 - Mouse liver. Cholangioma. Higher magnification of Figure 
145. Figure 147 - Mouse liver. Cholangiocarcinoma. Figure 148 - Mouse liver. Cholangiocarcinoma. Higher 
magnification of Figure 147. Figure 149 - Rat liver. Hepatocholangioma (adenoma, hepatocholangial). Figure 150 - 
Rat liver. Hepatocholangioma (adenoma, hepatocholangial). Higher magnification of Figure 149. 



Figure 151 - Rat liver. Hepatocholangiocarcinoma (Carcinoma, hepatocholangial). Figure 152 - Rat liver. 
Hepatocholangiocarcinoma (Carcinoma, hepatocholagial). High magnification of Figure 151. Figure 153 - Mouse 
liver. Ito cell tumor. Figure 154 - Mouse liver. Ito cell tumor. Higher magnification of Figure 153. Figure 155 - Mouse 
liver. Histiocytic sarcoma. Perivascular infiltration. Figure 156 - Mouse liver. Hemangioma. 



Figure 157 - Mouse liver. Hemangioma. High magnification of Figure 156. Figure 158 - Mouse liver. 
Hemangiosarcoma. Figure 159 - Mouse liver. Hemangiosarcoma. Higher magnification of Figure 158. Figure 160 
- Mouse liver. Hemangiosarcoma. Higher magnification of Figure 159. Figure 161 - Mouse liver. Extramedullary 
hematopoiesis. Figure 162 - Mouse liver. Extramedullary hematopoiesis. Myelopoiesis. 



Figure 163 - Mouse liver. Intrahepatic erythrocytes. Figure 164 - Rat liver. Pancreatic acinar metaplasia. Figure 165 
- Rat liver. Ectopic acinar pancreas. Figure 166 - Rat liver. Hepatocyte glandular metaplasia. Figure 167 - Rat liver. 
Hepatocyte glandular metaplasia. Figure 168 - Mouse liver. Subintimal intravascular hepatocyte proliferation. 



Figure 169 - Mouse gallbladder. Heterotopic acinar pancreas. Figure 170 - Mouse gallbladder. Heterotopic acinar 
pancreas. Higher magnification of Figure 169. Figure 171 - Mouse gallbladder. Hyalinosis. Part of a biliary calculus 
is present. Figure 172 - Mouse gallbladder. Hyalinosis with crystal formation. Figure 173 - Mouse gallbladder. 
Hyalinosis & mucosal hyperplasia. Higher magnification of Figure 172. Figure 174 - Mouse gallbladder. Hyalinosis 
with crystal formation. Higher magnification of Figure 172. 



Figure 175 - Mouse gallbladder. Biliary calculus (biliary stone). Figure 176 - Mouse gallbladder. Hyalinosis and biliary 
calculus. Figure 177 - Mouse gallbladder. Cholecystitis. Figure 178 - Mouse gallbladder. Submucosal edema. Figure 
179 - Mouse gallbladder. Mucosal hyperplasia. Figure 180 - Mouse gallbladder. Mucosal hyperplasia. Higher 
magnification of Figure 179. 



Figure 181 - Mouse gallbladder. Papillary adenoma. Figure 182 - Mouse gallbladder. Papillary adenoma. Figure 183 
- Mouse gallbladder. Papillary adenoma. Higher magnification of Figure 182.
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The diagnosis of a non-neoplastic lesion is usually based on subjective morphologic 
characteristics of the lesion which is published and/or based on the pathologist’s training and 
experiences. Naturally occurring lesions in most animal species typically follow an age- related 
progression of extent and severity in a specific tissue. Induced lesions often follow dose- and 
time-related progression. The changes in a lesion with time or dose is often reported according 
to general guidelines at the pathologist’s place of employment for reporting of the grading of 
lesions i.e. extent of the lesion in the tissue and severity of the lesion itself. The reporting usually 
depends on the computer system used and requirements for the study. Yet few publications 
have established guidelines for grading of natural or induced lesions (Shackelford et al, 2002), 
although many have reported graded lesions in animals and humans Grading of lesions are not 
required by any government regulatory agency. The STP best practices guideline: toxicologic 
histopathology (Crissman et al 2004) recommends “For common lesions in a species or strain 
of animal, it is important to know if the experimental treatment alters severity. The pathologist 
should use a severity grading system that allows for an appropriate severity classification, 
as treatment may affect incidence or severity. Toxicologic lesions are found in a continuous 
spectrum of severity and are often on a borderline in any classification system. Therefore, 
severity grading systems should be: 1) definable, 2) reproducible, and 3) meaningful.”

The lack of any requirement or guidelines on their use can often result in a difficulty in 
understanding of the pathology report, especially if read by non-pathologists. Are lesions in 
all tissues always graded in a report or are those only mentioned in specific tissues such as 
kidney and liver? Should grading only be used selectively and not always or for all tissues? Is 
the extra work involved of use and cost effective? How does grading contribute to the overall 
quality of the pathology report?

The grading of lesions should depend on the organ or tissue, anatomic structure, type of 
lesion, natural progression of the lesion and dose relatedness of the lesion. Some organs 
would require more than one type of grading system for natural or induced lesions. The kidney 
has various anatomical subunits such as glomeruli, tubules and blood vessels, each of which 
can require a different type of grading system. Pathologists can be lumpers or
splitters for diagnosing lesions in an organ. For example, aging nephropathy can be an average 
grading for the extent and severity of involvement of any portion of the nephron and kidney. 
Splitters can grade the glomerular lesion, tubular lesions and grades of inflammation, as 
examples. Our new InHand liver nomenclature gives an example for non- neoplastic liver 
lesions (Thoolen et al 2010). There are many examples of grading of spontaneous or induced 
lesions in kidney and others tissues of animals (Bruner et al. 2010; Grim et al 2009;Hard et 
al 2011; Hard and Khan 2004; NTP 2007) and humans (Caballero et al. 2001). Suggested 
methods for statistical analysis of subjectively graded lesions have been reported in these and 
many other papers. Holland and Holland (in this issue) review various methods for grading and 
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its statistical evaluation. They suggest that the best may be an “ordering method”, whereby 
the slides are all coded and placed in groups of grades, then decoded. The pathologist then 
makes a judgment on the lesions after a statistical test
is performed. It seems to be a valuable method but perhaps requires more work than the usual 
methods of grading.
Computerized image analysis may in some cases represent the ultimate method for reporting 
and grading lesions of any type (Boyce et al. 2010; Potts et al. 2010; Maximova et al. 2009) 
since it is not subjective based on the pathologist’s opinion of the diagnosis and grading of 
a lesion but based on the computerized appearance of the lesion, its cell components using 
immunohistochemistry and computer analysis.
Presently, regulatory agencies in many nations do not require grading of lesions and little is 
defined for this with regard to quality in pathology reporting (Isaacs 2007). When regulators 
read reports of the toxicologic pathology of a chemical in animals and then read about the 
grading of lesions, they often ask questions, as to the methods used and significance of grading 
results. They can be also confused by the various grading and evaluation methods used even 
for the same tissue. These concerns can also lead to independent pathology peer reviews 
(Bruner et al. 2010; Hard et al. 2011) using grading criteria established by the pathology peer 
review committee. Final criteria for proper grading and pathology reporting should ultimately 
be at the discretion of the study pathologist. Is it time for more guidelines by species and 
tissue? As long as each tox path report documents what grading criteria were used and 
grading is used consistently, one would think that is enough for regulators to appreciate and 
understand the report.
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Large cell change.
Large liver cell change.
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Introduction

Primary hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and 
the third most frequent cancer-related cause of death with increasing incidence worldwide 
(Aleem et al. 2011; Frau et al. 2010; Lee et al. 2006; Lu et al. 2011). In addition, HCC is the most 
common primary liver malignancy in the world (Badvie 2000; Lopez 2005; Stefaniuk et al. 
2010). In the majority of cases, it is associated with hepatitis B or C viral infections, aflatoxicosis, 
and/or liver cirrhosis (Ascha et al. 2010; Borbath et al. 2010; Bosman et al. 2010; Zender et 
al. 2010). Other risk factors for developing HCC include alcoholic liver disease, nonalcoholic 
steatohepatitis, diabetes, and obesity (Liu and Wu 2010; Sanyal et al. 2010). Most patients 
with HCC are diagnosed at a late stage; therefore, the prognosis of HCC patients is generally 
very poor, with a 5-year survival rate of less than 5% (Badvie 2000; Spangenberg et al. 2006).

Experimental rat and mouse hepatocarcinogenesis models have been used for decades to 
delineate the pathogenesis of hepatic neoplasia. The rodent experimental model is used to 
identify potential human carcinogenic risk from exposure to drugs, environmental agents, 
and other xenobiotics. Rat hepatocellular adenomas (HCAs) and carcinomas are commonly 
used in tumor response and carcinogenicity bioassays and share some common features with 
human adenomas and carcinomas (Tsuda et al. 2010).
In rat experimental models, presumptive preneoplastic foci of cellular alteration occur prior 
to the appearance of hepatocellular adenomas and HCC; however, there is experimental 
evidence that not all foci of cellular alteration progress to neoplasia and that some may 
actually regress (Bannasch et al. 2003; Williams 1989). Basophilic (BAS), eosinophilic (EOS), 
and clear cell (CLEAR) foci of cellular alteration in rats are the counterparts of human liver 
cell dysplasias classified as large cell change and small cell change. The detection of these 
presumptive preneoplastic lesions in humans may be indicative of progression towards HCC 
(Cogliati et al. 2010; Cohen and Berson 1986; Park 2011; Terada and Nakanuma 1995) although 
further investigation is warranted. The purpose of this overview is to compare and contrast the 
morphological features of representative examples of commonly occurring human and rat 
hepatoproliferative lesions and to report the biology of these lesions.

Method

Paraffin blocks of adult human cases were selected from the archives of the Departments of 
Pathology, University Medical Center Utrecht (UMCU) and Erasmus Medical Center Rotterdam, 
The Netherlands. These surgical specimens were reviewed and considered unequivocal 
examples of human focal nodular hyperplasias (FNHs), HCCs, HCAs, large cell change (LCC) 
and small cell change (SCC).
Paraffin blocks of rat cases obtained from the National Toxicology Program (NTP) archives 
were from studies of chemical-induced liver tumors and represent diagnoses peer reviewed 
by experienced rodent toxicologic pathologists. Rat cases include HCCs, HCAs and basophilic, 
eosinophilic and clear cell foci of cellular alteration (FCAs). FNH lesions were not identified as 
they are rare in rats. However, this lesion was included in humans since it is one of the most 
common human proliferative liver lesions.
Original slides from the human and rat cases were reviewed by a medical liver pathologist and 
two toxicologic pathologists and selected using published diagnostic criteria (Bannasch and 
Zerban 1990; Bosman et al. 2010; Ferrell and Kakar 2007; Goodman et al. 2006; Ishak et al. 
2001; Thoolen et al. 2010) to confirm original diagnoses. Once confirmed, additional sections 
for this study were prepared, and all hematoxylin and eosin (H&E) staining was performed 
simultaneously at the UMCU after collection of all unstained paraffin slides on coated glass 
slides (e.g., Superfrost Plus) (Table 1).
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Table 1. H&E-stained human (UMCU) / Rat (NTP) liver lesions

HUMAN RAT

Gender % Gender %

Lesion       n M F n M F

FNH 12 8 92 - - -

HCC 16 88 12  15         20 80

HCA 15 - 100  10         40 60

Dysplastic Lesions       n M F Foci of cellular alteration

LCC 191 100 - FCA/EOS      11 91 9

SCC 172 78 22 FCA/BAS  9 89 11

FCA/CLEAR    9 100 -

Abbreviations: FNH, Focal Nodular Hyperplasia; HCA, Hepatocellular Adenoma,; LCC, Large Cell Change; SCC, Small Cell Change; FCA, 
Focus of Cellular Alteration; EOS, Eosinophilic; BAS, Basophilic; CLEAR, Clear cell.

1 From 10 different patients; gender % is based on 10 people with at least one lesion.
2 From 9 different patients; gender % is based on 9 people with at least one lesion.

Results

Human cases

Focal nodular hyperplasia (FNH)

Liver samples were derived from surgical excision (hemihepatectomy, partial liver resection 
or biopsy) of female patients (11/12; 92%) and one male patient (1/12; 8%) at the UMCU. 
The corresponding resection specimens included in the study for comparison, were grossly 
nodular and ranged in diameter from 2 to 17 cm. Microscopically, they had classical diagnostic 
features of FNH consisting of nodules composed of plates of hyperplasic hepatocytes that 
were two-cell layers thick and subdivided by fibrous septa (Figure 1). Thick-walled arteries 
were present in the stellate scars and septa, and there were bile ductules typically located 
between the scars and the liver parenchyma (Figure 2). Near the fibrous septa there were 
occasionally small immature cells with oval to fusiform leptochromatic nuclei and scant 
cytoplasm that resembled rat oval cells. In addition, transitional cells displaying characteristics 
of both hepatocytes and bile duct cells were also present in some samples. These results 
suggest the presence of “undifferentiated progenitor cells” within FNH and further suggests 
that the ductular reaction, at least partly, can be explained by activation of these cells (Roskams 
et al. 1996).

Hepatocellular carcinoma (HCC)

For the human samples, 14/16 HCC (88%) were from male patients. The morphological 
features consisted of a broad trabecular growth pattern of hepatocytes with occasional mixed 
growth patterns of trabecular/compact (Figure 3), trabecular/acinar (Figure 5) and sometimes 
a mixture of the three growth patterns. Hemorrhage, ischemic necrosis, neovascularization, 
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angiectasis or peliosis hepatis and cystic changes were more commonly observed in these 
malignant tumors as compared to the other lesions evaluated.

Hepatocellular adenoma (HCA)

HCAs from female patients (n=15) had a maximum diameter of 16 cm. Histologically, 
they matched the common diagnostic criteria (Table 2) for this benign liver neoplasm and 
sometimes showed focal to more diffuse steatosis, which can be observed in these tumors 
(Figure 7) (Bioulac-Sage et al. 2007; Rebouissou et al. 2006; van Aalten et al. 2011).

Table 2. Major diagnostic criteria for proliferative liver lesions

Lesion n Definition

FNH 12 - Nodules of hyperplastic hepatocytes with two–cell layer hepatic plates divided by fibrous septa
- Ductular reaction
- Stellate scars  with thick-walled arteries
- Arising in a normal liver

HCC 16 - Trabecular or mixed growth patterns of atypical hepatocytes
- Alteration of tinctorial staining patterns and marked cellular pleomorphism may occur
- No portal tracts (unless entrapped by the normal liver)
- Vascular/stromal invasion
- Hemorrhage, necrosis, neovascularization, angiectasis and cystic changes more common than in HCA
- Loss of normal reticulin framework
- Isolated arteries
- Mitotic index increased

HCA 15 - Proliferation of benign hepatocytes without acinar structures
- Loss of normal lobular architecture
- Compression of the surrounding parenchyma
- Focal or diffuse steatosis
- No more than 3 nodules/liver
- Isolated arteries and arterioles
- Mitotic index may be increased

Dysplastic lesions (human)

LCC 19 - (Foci of) enlargement of hepatocytes 2- to3-fold (both cytoplasmic and nuclear)
- Nuclear pleomorphism with hyperchromasia
- Prominent nucleoli
- Multinucleation
- Normal cytoplasm with less or more glycogen

SCC 17 - (Foci of) small hepatocytes with a high N:C-ratio
- Nuclear atypia and different cytoplasmic staining
- Fat or glycogen may differ from surrounding liver cells

Foci of cellular alteration (rat)

FCA/
EOS

11 - Normal or minimal compression of the surrounding parenchyma
- (Foci of) enlarged, polygonal hepatocytes with (increased) acidophilic staining
- Granular and pale intense eosinophilic cytoplasm of hepatocytes sometimes with a ground-glass appearance
- Glycogen and/or some clear cells may be present

FCA/
BAS

9 - Normal or minimal compression of the surrounding parenchyma
- (Foci with) basophilic staining of hepatocytes of normal/smaller size
- Cells sometimes arranged in tortuous cords and dissociation of cells may occur
- Liver plates merge imperceptively with the surrounding parenchyma
- Cells may be pleomorphic with enlarged (vesiculated) nuclei and prominent nucleoli

FCA/
CLEAR 

9 - Normal or minimal compression of the surrounding parenchyma
- Normal/enlarged hepatocytes with acidophilic staining
- Small nuclei, dense, centrally located
- Excess storage of glycogen
- Prominent cell membranes

Abbreviations: FNH, focal nodular hyperplasia, HCA, hepatocellular adenoma, LCC, large cell change, SCC: small cell change, FCA: focus 
of cellular alteration; EOS, eosinophilic; BAS, basophilic; CLEAR, clear cell.
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Liver cell dysplasia - large cell change (LCC) and small cell change (SCC) (human)

Large cell change
LCC (synonyms: large liver cell change (LLCC) or large liver cell dysplasia (LLCD)) has been 
described in detail by Anthony et al. (Anthony et al. 1973) and others (An et al. 1997; 
Ferrell and Kakar 2007; Ganne-Carrie et al. 1996; Ikeda et al. 2009; Le Bail et al. 1997; Lee 
et al. 1997). Morphological features of hepatocytes with large cell change included cellular 
enlargement, nuclear pleomorphism with hyperchromasia, prominent nucleoli and occasional 
multinucleation. Enlargement was usually two- to three-fold and both nuclear and cytoplasmic 
with a normal nucleus to cytoplasmic ratio. Cytoplasmic staining was normal with occasionally 
more or less glycogen than that present in the surrounding liver parenchyma (Anthony et al. 
1973). A classical example of such lesions is illustrated in Figure 9. The selected cases of LCC 
(n=19) were all from 10 male patients.

Small cell change
SCC (synonyms: small liver cell change (SLCC) or small liver cell dysplasia (SLCD)) was 
characterized by small hepatocytes with a high nuclear:cytoplasmic (N:C) ratio. Cells were 
uniform and differed from cells of the surrounding parenchyma in terms of nuclear atypia and 
cytoplasmic staining. Fat or glycogen content sometimes differed from that in the adjacent liver 
parenchyma. These collections of cells with small cell change tended to produce more small 
round distinct foci with irregular margins similar to foci that are more closely associated with 
the HCCs (Figure 11) as reported by others (Adachi et al. 1993; Ahmad et al. 2009; Watanabe 
et al. 1983). The selected SCC cases (n=17) were from 9 patients (7/9, 78% males and 2/9, 
22% females). In the cases evaluated, combined areas of LCC and SCC could sometimes be 
observed within the same slide.

Rat cases

Hepatocellular carcinoma (HCC)

The HCCs reviewed, were from dosed males (3/15 HCC, 20%) and females (12/15, 80%). The 
morphological features were consistent with published HCC criteria (Thoolen et al. 2010) and 
exhibited largely trabecular growth patterns, although mixed growth patterns (trabecular/
acinar/solid) and occasionally basophilic and eosinophilic areas were present. In one case, 
the HCC arose within a hepatocellular adenoma and had an infiltrative growth pattern. A 
trabecular growth pattern with focal steatosis and mitoses is illustrated in Figure 4. As was 
seen in human HCCs, sometimes areas with acinar growth patterns were observed (Figure 6). 
Most lesions evaluated also had hemorrhage, necrosis, pigment deposition (hemosiderin), 
angiectasis and/or focal fatty change.

Hepatocellular adenoma (HCA)

The selected hepatocellular adenomas (n=10) were from animals of both sexes (6/10, 60% 
females and 4/10, 40% in males). The histological features were compatible with the common 
diagnostic criteria (see Table 2). Sometimes, these adenomas also contained diffuse fatty 
change (steatosis) and angiectasis (Figure 8).
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Focus of cellular alteration (FCA)

Eosinophilic foci
Eosinophilic foci of cellular alteration consisted of polygonal enlarged hepatocytes with 
increased acidophilic staining compared with the surrounding normal liver. Clear cells 
(glycogen storage) were occasionally present. The cytoplasm was distinctly smooth to 
sometimes granular and pale pink, with a “ground-glass” appearance. Nuclei were enlarged, 
and nucleoli were prominent and centrally located. A classical example is illustrated in Figure 
10. For the eosinophilic foci evaluated (n=11), 10/11 (91%) were observed in male rats.

Basophilic foci
Basophilic foci may show some resemblance with small cell change as observed in humans. 
Different subtypes have been described (Thoolen et al. 2010). The tigroid subtype consists of 
a focus of (small) basophilic cells distinct from the surrounding liver parenchyma and arranged 
in tortuous cords. Cells display large abundant basophilic bodies often arranged in clumps 
or long bands with a striped (“tigroid”) pattern in the paranuclear or peripheral regions of 
the cytoplasm (due to increased rough endoplasmic reticulum). In the samples we evaluated, 
the diffuse subtype was most common and consisted of small, discrete, clearly demarcated, 
strongly basophilic foci with irregular borders. These foci were randomly distributed within 
the hepatic lobule. Although different subtypes have been recognized in rodents, a typical 
example is shown in Figure 12. Of the basophilic foci evaluated (n=9), 8/9 (89%) were 
observed in male rats.

Clear cell foci
Clear cell areas of groups of hepatocytes can be observed in HCCs in both human and rodents 
(Bannasch et al. 1989; Bannasch 2010; Enzmann et al. 1992a; Maronpot et al. 1986). Clear 
cell foci consisted of normal or enlarged groups of cells with prominent cell membranes and 
distinct cytoplasmic clear spaces surrounding a densely stained centrally located nucleus. 
Some eosinophilic or basophilic cells were occasionally present within clear cell foci. A 
classical example of a clear cell focus is presented in Figure 13.
The role of clear cell foci in hepatocarcinogenesis is elusive and poorly described, although 
metabolic changes in carbohydrate metabolism have been associated with HCCs in both 
humans and rodents (Bannasch et al. 1989; Bannasch 2010; Enzmann et al. 1992b; Libbrecht 
et al. 2005), and therefore these foci, as observed in the rat liver, could play a role in liver 
tumor formation. The selected clear cell foci (n=9) were only found in the livers of male rats.

Discussion and conclusion

The liver is a major target organ in preclinical toxicity and oncogenicity safety assessment 
studies with rodents. The significance of hepatic neoplastic findings in animal models has 
been questioned with regard to their predictive value, as humans appear resistant to many 
agents that readily produce liver tumors in rodents (Anthony 1988). As toxicity to the liver 
is reported to be the second most frequent cause of drug failure due to adverse effects in 
clinical trials of potential drugs (Foster 2005; Lee et al. 2003; Tsuda et al. 2010), the early 
detection and interpretation of proliferative lesions as well as nonproliferative hepatic lesions 
is of vital importance. One of the safety issues after long-term administration of a xenobiotic 
is carcinogenicity assessment, and both early and late proliferative liver lesions might be 
indicative of potential hepatocarcinogenesis or carcinogenesis at other sites in humans 
(Adachi et al. 1993; Aleem et al. 2011; Andersen et al. 2010; Bannasch et al. 2003; Cheah et 
al. 2003; Cohen 2010; Hoenerhoff et al. 2011; Marquardt and Thorgeirsson 2010; Samson 
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2011). The human and rat cases selected for this review were all morphologically consistent 
with descriptive features in texts and the peer reviewed literature using the most common and 
contemporary diagnostic criteria for both human and rat hepatic lesions (Bosman et al. 2010; 
Ferrell and Kakar 2007; Goodman et al. 2006; Ishak et al. 2001; Thoolen et al. 2010).
We have reviewed FCAs (eosinophilic, basophilic and clear cell foci) and compared them 
with the human counterparts of LCC and SCC. LCC and SCC in humans and eosinophilic and 
basophilic FCA in the rat showed common histomorphological characteristics (Figs. 9 to 12), 
which might be indicative of a mutual presumptive role in the process of hepatocarcinogenesis. 
FNH is the second most common benign lesion of the liver in humans and occurs more often 
in young females but can occur in both sexes of adults(Bellamy 2010; Bioulac-Sage et al. 2009; 
Blanc et al. 2004; Kayhan et al. 2010; Lefkowitch 2010; Paradis 2010). Cases in children have 
been reported (Farruggia et al. 2010; Sugito et al. 2011; Towbin et al. 2011). FNH is a benign 
lesion, and in contrast to HCA, the risk of complications such as hemorrhage and malignant 
transformation is virtually absent. The more common occurrence of FNH among young 
women is in line with our results that show that nearly all FNHs selected for this study were 
obtained from women (91.7%). FNH is a rare lesion in animals (Fujishima et al. 2011; Sumiyoshi 
M. et al. 2010). Immunohistochemistry showed characteristic mild and focal cytokeratin 7 
staining of hepatocytes, whereas cytokeratin 7 and cytokeratin 19 show a strong staining of 
bile ductules in the fibrous septa (Ahmad et al. 2009). The majority of patients with FNH have 
normal liver test results and alpha-fetoprotein is mostly in the normal range (Wadad et al. 2011). 
Diagnosis of FNH may be difficult in humans if one or more major features are not prominent 
(central scar, ductular reaction) or if the FNH is steatotic, or has small nodules (Bioulac-Sage 
et al. 2009). A clear overview of the clinical and morphological features of FNH is presented 
by Ferrell and Kakar (Ferrell and Kakar 2007) for distinction between FNH, hepatocellular 
adenoma and HCC. Immunohistochemistry has also been extensively investigated and can 
be supportive for the differential diagnosis (Borbath et al. 2010; van Aalten et al. 2011; Ahmad 
et al. 2009; Zhu et al. 2001). The current opinion regarding the etiology of this lesion is that 
it represents a hyperplastic and altered growth of hepatocytes surrounding a pre-existing 
arterial malformation in response to changes in blood flow in the parenchyma (Bosman et 
al. 2010; Ishak et al. 2001; Wanless et al. 1985). Treatment of symptomatic FNH in humans 
consists first of embolization and then resection (Arts et al. 2010).

Following hepatic angioma and FNH, HCA is the third most common benign proliferative 
lesion in humans and is known to occur in 85% of young female patients taking oral 
contraceptives (Bioulac-Sage et al. 2008; Maillette De Buy et al. 2010). There is considerable 
overlap in morphologic features of well-differentiated hepatocellular lesions, necessitating 
the use of immunohistochemistry and other techniques for diagnosis (Ahmad et al. 2009; 
Bioulac-Sage et al. 2010a; Bioulac-Sage et al. 2011; Di et al. 2010; Shafizadeh and Kakar 2011). 
More current diagnostic criteria distinguish four different subtypes of human HCAs based 
on their histological and molecular characteristics (Bioulac- Sage et al. 2007). The human 
HCAs examined were all from female patients, in line with the epidemiology and common 
occurrence of these tumors. HCA histological features observed in the rat were similar to 
those in humans. The tumors showed focal fatty change/ steatosis and increased numbers 
of mitoses and there was also normal pre-existing liver present at the periphery. In one case, 
multiple adenomas were observed in a rat that resembled adenomatosis as seen in humans 
(Bioulac-Sage et al. 2010b; Maillette De Buy et al. 2010; Rebouissou et al. 2006; Reznik et 
al. 2004). A number of human examples showed variable amounts of steatosis as was also 
observed in the rat HCAs as well, occasionally accompanied by clear cell foci present in the 
surrounding liver in the rat. In one rat, an HCC with an infiltrative growth pattern arose within 
an HCA. It is known that HCA may transform into HCC in humans. Some argue that hepatocyte 
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dysplasia probably is an essential intermediate step between HCA and HCC (Farges and 
Dokmak 2010). HCA is monoclonal in contrast to FNH (polyclonal) and consequently has 
an inherent risk for progression to HCC (Farges and Dokmak 2010). Moreover, beta-catenin-
mutated HCA has an increased risk of undergoing malignant change (Zucman-Rossi et al. 
2006). Both the human and rat hepatocellular carcinomas reviewed in this study had malignant 
growths pattern that are typical for these tumors. Microscopically, the WHO distinguishes 
trabecular, acinar (pseudoglandular), scirrhous and solid forms (Bosman et al. 2010). Special 
histological subtypes, not included in this review, are the clear cell, fibrolamellar and mixed 
hepatocholangiocellular variants. Trabecular growth patterns were the most common in both 
human and rat HCCs evaluated (Figures 3 and 4); sometimes mixtures of trabecular, solid 
and acinar/pseudoglandular patterns were also present in our collection (Figures 5 and 6). 
Both human and rat HCCs showed common histopathological characteristics that are typical 
for these malignant liver lesions. Liver cell dysplasia (LCD) is described in liver transplants 
containing underlying liver disease. These dysplastic hepatocytes can frequently be observed 
in the cirrhotic liver (Cohen and Berson 1986; Kobayashi et al. 2006; Lefkowitch and 
Apfelbaum 1987) and have been proposed to contain precancerous properties (Anthony et 
al. 1973; Libbrecht et al. 2001; Watanabe et al. 1983). The cytological criteria for the diagnosis 
of LCD include cytoplasmic and nuclear changes, nuclear crowding or pleomorphism together 
with prominent nucleoli, hyperchromasia and sometimes multinucleation. The cytological 
features of liver cell dysplasia can strikingly mimic HCC (Tao 1991) suggesting it is a putative 
preneoplastic lesion that can precede HCC in various species (Aleem et al. 2011; Bannasch 
et al. 1989; Borbath et al. 2010; Enzmann et al. 1995; Koo et al. 2008; Libbrecht et al. 2005; 
Maronpot et al. 1989; Podda et al. 1992). The precancerous nature of both LCC and SCC with 
regard to progression to HCC is somewhat controversial, but some claim that either one or 
both of them have been associated with development of HCC (Anthony et al. 1973; Borzio et 
al. 1995; Cheah et al. 2003; Koo et al. 2008; Le Bail et al. 1997; Libbrecht et al. 2001; Park and 
Roncalli 2006; Rubin et al. 1994; Watanabe et al. 1983).

In rats, FCAs have likewise been designated to play a precursor role in the process of 
hepatocarcinogenesis as they represent a localized proliferation of hepatocytes that are 
phenotypically different from the surrounding liver. These FCAs occur spontaneously in 
aged rats and other rodents and can be induced by chemical treatment. The incidence of 
spontaneous foci is highest in rats and can reach nearly 100% in F344 rats by the age of 2 
years (Narama et al. 2003). After administration of hepatocarcinogens, their incidence, size 
and/or multiplicity are usually increased, and latency usually decreased (Bannasch et al. 
1989; Bannasch and Zerban 1990; Maronpot et al. 1989). These foci have been described 
in a number of animal models and are considered as precursor lesions of HCC (Libbrecht et 
al. 2005), but controversy still remains. Some of these foci may have autonomous growth 
potential and may show enzyme profiles different from the normal hepatocytes (e.g., positive 
for g-glutamyl transpeptidase, α-fetoprotein, glutathione S-transferase placental form, and 
negative for glucose-6-phosphatase and glycogen phosphorylase). However, it has been 
shown that certain conditions are required for promotion and progression of initiated cells. In 
addition, different mechanisms of promotion by different chemicals have been demonstrated 
in the multistep process of carcinogenesis, and it is stated that not all foci become neoplasms 
(Harada et al. 1989; Narama et al. 2003; Pitot et al. 1989; Popp and Goldsworthy 1989). Some 
foci of cellular alteration can even regress, and different types of foci have different potentials 
for developing into neoplasms (Enzmann and Bannasch 1988; Williams 1989).
Since controversy with regard to the significance of presumptive preneoplastic liver lesions still 
exists, comparative research of these proliferative lesions in both rats and humans is needed.
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Based on comparison of the histomorphological features of common nonneoplastic 
and neoplastic hepatocyte lesions of rats and humans, it is apparent that there are major 
similarities in diagnostic features, growth patterns, and behavior of these lesions in both 
species. Further study of presumptive preneoplastic lesions should help to further define their 
role in progression to malignancy and to provide a basis for using liver responses in rodents 
exposed to xenobiotics in safety assessment studies to predict potential risks to humans. 
Morphological similarities as illustrated in this review will be a first step to understanding their 
significance and relevance in human and animal liver tumor formation.



Figure 1 - Human liver. Low magnification of FNH. The upper border of the FNH is indicated by arrows with relatively 
normal hepatic parenchyma at the top of the figure. H&E. Figure 2 - Human liver. Higher magnification of Figure 1. 
The FNH consists of nodules composed of two-cell layers of hepatocytes subdivided by fibrous septa. Proliferative 
ductules are present in stellate septal scars. H&E. Figure 3 - Human liver. Hepatocellular carcinoma composed of 
atypical hepatocytes arranged in a solid or trabecular growth pattern with normal hepatic parenchyma present at 
the top of the figure. H&E. Figure 4 - Rat liver. Hepatocellular carcinoma with a trabecular growth pattern at the top 
and right of the figure. There is angiectasis in the carcinoma on the right. Normal hepatic parenchyma is present 
on the lower left of the figure. H&E. Figure 5 - Human liver. High magnification of a hepatocellular carcinoma with 
a mixed acinar and trabecular growth pattern. H&E. Figure 6 - Rat liver. High magnification of a hepatocellular 
carcinoma with a mixed acinar and trabecular growth pattern. H&E.



Figure 7 - Human liver. Hepatocellular adenoma with multifocal steatosis and thick-wall blood vessel (arrow). 
Prominent fibrosis is present on right edge of the figure. H&E. Figure 8 - Rat liver. Hepatocellular adenoma. The 
adenoma is sharply demarcated with slight compression of the adjacent normal parenchyma. H&E. Figure 9 
- Human liver. A classic example of large cell change. H&E. Figure 10 - Rat liver. Eosinophilic focus of cellular 
alteration consisting of enlarged hepatocytes with increased acidophilic staining compared to the surrounding 
hepatic parenchyma. H&E. Figure 11 - Human liver. Small cell change comprised of a focus of small cells with 
an irregular margin within a cirrhotic liver. H&E. Figure 12 - Rat liver. A basophilic focus of cellular alteration with 
irregular but discrete margins surrounded by more eosinophilic normal parenchymal hepatocytes. H&E. Figure 13 
- Rat liver. Clear cell focus of cellular alteration with an irregular border and comprised of hepatocytes with clear 
cytoplasm and a centrally located nucleus. H&E.
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Abbreviations

ABC =
AFP = 
BAMS =  
Beta-catenin =

CD34  =

C-myc = 
DAB = 
EDTA = 
GS = 

HCA = 
HCC = 
H&E = 
HGF receptor 
IHC = 
Ki-67 = 
NTP = 
RT = 
TGF-α =
UMCU =

Avidin-Biotin Complex (ABC) method.
Alpha-fetoprotein.
Bond automated staining machine. 
Cell surface glycoprotein subunit of the cadherin
protein complex/component of Wnt- signaling pathway.
Type I transmembrane glycoprotein that belongs to the CD34/
podocalyxin family of sialomucins.
Regulator gene /proto-oncogene. 
3,3’ diaminobenzidine tetrahydrochloride.
Ethylenediaminetetraacetic acid.
Glutamine synthetase, enzyme that catalyzes the synthesis
of glutamine from glutamate and ammonia.
Hepatocellular adenoma.
Hepatocellular carcinoma.
Hematoxylin and Eosin.
Hepatocyte growth factor receptor.
Immunohistochemical or immunohistochemistry. 
Nuclear protein associated with proliferation.
National Toxicology Program.
Room temperature.
Transforming/tumor growth factor alpha.
University Medical Center Utrecht.
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Introduction

The liver is a major target organ in safety assessment of pre-clinical toxicity and oncogenicity 
rodent studies and a primary target for drug-induced toxicity (Lee 2003; Tsuda et al. 2010). 
Identification and appropriate interpretation of hepatoproliferative lesions in rodent models 
is critical for identifying xenobiotics and environmental factors that could potentially lead to 
hepatocellular carcinoma (HCC) in exposed humans. The relevance of rodent models can 
be further clarified by identification of similarities and differences in proteins expressed in 
rodent versus human proliferative hepatocellular changes. In this study we have applied 6 
immunohistochemical markers used in diagnostic human hepatopathology for comparison of 
relative expression in human and rat hepatocellular carcinomas. 

Immunohistochemical markers for beta-catenin, glutamine synthetase, Ki-67 and CD34, 
commonly used in human hepatopathology, have been shown to be of diagnostic value and/
or changed in human or animal liver tumors, particularly in HCCs (Austinat et al. 2008; Calvisi 
et al. 2001; Coste et al. 1998; Coston et al. 2008; Dal et al. 2010; Jorge and Hashem 2011; 
Karabork et al. 2010; Kimura et al. 1998; Liu et al. 2010; Long et al. 2010b; Pozharisskii et al. 
2008; Prange et al. 2003; Roskams and Kojiro 2010; Shafizadeh and Kakar 2011). Although less 
commonly used, IHC markers for c-myc (Al-Qahtani et al. 2010; bou-Elella et al. 1996; Cavin 
et al. 2005; Chandar et al. 1989; Feitelson 2004; Peng et al. 1993) and TGF-α (transforming 
growth factor alpha) (Baek et al. 2010; Cavin et al. 2005; Lee et al. 1992; Masui et al. 1997; 
Moser et al. 1997) have also shown positive expression in human and/or animal HCCs. 

While human and rat HCCs are morphologically similar, this IHC study is an attempt to 
determine if commonly used IHC markers for characterizing human HCCs might also be useful 
in identifying similarities and differences between rat and human HCCs. Similar IHC responses 
might then be applied to further investigate the pathogenesis of rat HCC and help determine 
the relevance of rat hepatocarcinogenesis in safety assessment studies as predictive of human 
liver cancer risk. 
 

Method

HCC Samples
Formalin fixed, paraffin embedded tissues of human hepatocellular carcinomas obtained 
from surgical liver specimen (UMCU; Department of Pathology, Division of Laboratories and 
Pharmacy University Medical Center Utrecht) were used for this study. Paraffin blocks of rat 
hepatocellular carcinomas were obtained from National Toxicology Program (NTP) studies of 
chemically induced hepatocellular neoplasms. The rat HCCs were selected as representatives 
of well-defined classical HCCs and were from rats exposed to tetrachloroethylene (1 male 
F344 rat), o-nitrotoluene (2 male F344 rats), tetrachloroazobenzene (1 female Sprague-
Dawley rat) and polychlorinated biphenyl 126/153 (1 female Sprague-Dawley rat) in two-year 
carcinogenicity studies. A treatment-related induction of hepatic neoplasia was identified 
in these four two-year carcinogenicity studies. Human samples of HCCs were derived from 
patients with liver cirrhosis caused by Hepatitis C (1 male and 1 female), liver hemochromatosis 
with severe fibrosis (1 male), (non-alcoholic) steatohepatitis (1 male) and one female with 
HCC of unknown aetiology.

All neoplasms were first reviewed by a medical pathologist and two toxicologic pathologists 
and were confirmed as hepatocellular carcinomas based upon contemporary diagnostic 
criteria (Bannasch and Zerban 1990; Ishak et al. 2001; Thoolen et al. 2010). The first and last 
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slide of each tumor specimen was stained with H&E to confirm the diagnosis and presence of 
adequate tumor tissue in the intervening serial sections to be used for IHC. In this pilot study 
5 human and 5 rat prototypical hepatocellular carcinomas were selected for IHC staining. 

Immunohistochemical staining
Formalin-fixed, paraffin embedded sections were deparaffinized with xylene, rehydrated, 
and subjected to antigen retrieval. Following non-specific blocking steps, polyclonal and 
monoclonal primary antibodies were applied according to the following method and at the 
following dilutions: Ki-67; clone MIB-1, mouse monoclonal anti-human MIB-1 (Dako M7240) 
at 1:200, and clone SP6; rabbit monoclonal anti-rat (Neomarkers RM 9106-S) at 1:100, CD34; 
mouse monoclonal anti-human CD-34 (Immunotech 0786) at 1:800 and polyclonal goat anti-
rat CD34 (R&D Systems AF4117) at 1:100, beta-catenin; monoclonal mouse anti-human/ anti-
rat-beta-catenin (Novocastra NCL-B-Cat) at 1:20, glutamine synthetase; monoclonal mouse 
anti-rat/anti-human glutamine synthetase (BD Transduction Laboratories) at 1:1600), c-myc; 
rabbit monoclonal anti-human/anti-mouse/anti-rat c-myc (Abcam, ab 32072) at 1:100 and 
TGF-α; sheep polyclonal anti-rat (Lifespan Biosciences LS-C42194/32940) at 1:200. EDTA pre-
treatment was performed for beta-catenin, glutamine synthetase, CD34 (anti-rat), Ki-67 (SP6 
clone), c-myc and TGF-α staining. For Ki-67(MIB-1) and CD34 (anti-human), a citrate buffer 
was used for antigen retrieval instead. For all immunostains, except CD-34 (anti-rat) and TGF-α 
(anti-rat) which were stained manually, staining was performed using the Bond automated 
staining machine (Leica, Germany) with the Bond polymer refined detection kit (Leica , cat. no 
DS9800). In brief, the protocol sequence on the Bond stainer is antigen retrieval with epitope 
retrieval 1 and 2, primary antibody 15 min RT, and Bond polymer (second antibody) 8 min RT 
(room temperature), DAB (3,3’ diaminobenzidine tetrahydrochloride ) 10 min RT. All staining 
for a given protein was performed as a single batch at the UMCU using positively charged 
coated glass slides (MicroSystems Leica, Bretton UK) (for details see Table 1). Normal liver was 
present in the stained slides for comparison with HCC staining. Positive controls, except for 
TGF-α, with tissue known to exhibit positive expression of proteins of interest, were used for 
visualization. Sections were then dehydrated in graded alcohols and cover slipped.

Background relevance of immunohistochemical markers used in this study 
The Ki-67 antigen is a nuclear protein which is defined by reactivity with the monoclonal 
antibodies from the Ki-67 clone. The Ki-67-antigen is expressed during all active phases 
of the cell cycle (G1-, S-, G2- and M-phases), but is absent in quiescent cells (G0-phase) 
(Gerdes et al. 1984). Immunostaining with monoclonal antibody to Ki-67 provides a reliable 
means of rapidly evaluating the growth fraction of normal and neoplastic cell populations. 
It is commonly used in diagnostic tumor pathology e.g. in soft tissue sarcomas, prostate 
cancer and breast cancer (Borre et al. 1998; Huuhtanen et al. 1999; Seshadri et al. 1996). 
Change in the balance between proliferation and apoptosis in the course of hepatocellular 
carcinoma development and progression is also known to reflect a change in the Ki-67 index. 
Immunohistochemical study of Ki-67, as a marker for hepatocellular proliferation, is increased 
in the tumor tissue as compared to normal liver tissue (Daveau et al. 2003; Dutta et al. 1998; 
Pozharisskii et al. 2008). Some investigators have correlated the Ki-67 labeling index with 
clinical stage, histological grade and as an independent prognostic indicator for patients with 
HCC after resection (Kimura et al. 1998; King et al. 1998).

Beta-catenin, a protein that functions in cadherin-mediated cell-cell adhesion as well as in signal 
transduction, has received increasing attention in recent years due to its role as an oncogene 
in various human cancers. Beta-catenin forms a complex with c-Met (HGF receptor) and 
beta-catenin- and HGF-mediated signaling pathways cooperate in hepatocyte proliferation, 
which may be crucial in liver development, regeneration following partial hepatectomy, 
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and pathogenesis of hepatocellular carcinoma (Apte et al. 2006). Mutations affecting 
phosphorylation sites in the beta-catenin gene have been implicated in the development of 
human and rodent HCCs. The Wnt/beta-catenin signaling pathway can be activated in human 
hepatocellular carcinomas (HCCs) (Apte et al. 2006; Calvisi et al. 2011; Coste et al. 1998). 
Studies suggest that nuclear translocation of beta-catenin and activation of Wingless/Wnt 
signaling may represent an early event in liver carcinogenesis, providing a growth advantage 
in a subset of hepatic tumors with a more differentiated phenotype (Coste et al. 1998; Monga 
2011; Nault and Zucman-Rossi 2011). Mutations affecting phosphorylation sites in the beta-
catenin gene have been implicated in the development of human and rodent HCCs (Calvisi 
et al. 2011; Cavard et al. 2006; Coste et al. 1998; Harada et al. 2004; Hechtman et al. 2011; 
Loeppen et al. 2002; Sekine et al. 2006; Yamada et al. 1999; Yamaoka et al. 2006; Zenali 
et al. 2010). Beta-catenin activation in hepatocellular adenomas (HCAs) is observed in men 
and women, and specific risk factors, such as male hormone administration or glycogenosis, 
are associated with their development. Immunohistochemistry studies show that these HCAs 
over express both beta-catenin (nuclear and cytoplasmic) and glutamine synthetase. This 
group of tumors has a higher risk of malignant transformation into hepatocellular carcinoma 
(Bioulac-Sage et al. 2007; Bioulac-Sage et al. 2008).

CD34 is an 80-100kDa type I transmembrane glycoprotein that belongs to the CD34/
podocalyxin family of sialomucins. It is a widely used marker of activated hematopoietic 
stem/progenitor cells and endothelium and may function as an adhesion molecule (Fina et al. 
1990). It stains endothelium of blood vessels (including alveolar wall capillaries and glomeruli, 
but not hepatic or splenic sinusoids) (Pusztaszeri et al. 2006). Sinusoidal capillarization may 
occur in relation to increased blood flow. These newly formed arteries and capillarized 
sinusoids can be stained for CD34 in contrast to normal sinusoidal endothelial cells that do 
not express CD34 (Park and Yeh 2011). Angiogenesis plays an important role in tumor growth 
and metastasis during hepatocarcinogenesis and CD34 positivity is increased, especially in 
moderate to poorly differentiated HCCs. CD34 labeling index is considered an independent 
risk factor for development of HCC and may have diagnostic value in the progression and 
in distinguishing HCC from non-HCC (Coston et al. 2008; Karabork et al. 2010; Kimura et al. 
1998; Maeda et al. 1995; Ohmori et al. 2004).

Glutamine synthetase (GS) catalyzes the synthesis of glutamine from glutamate and ammonia. 
The expression in normal liver of mice and humans is restricted to a small population (<8%) 
of hepatocytes that surround the terminal hepatic venules (Haussinger and Schliess 2007; 
Jeannot et al. 2011). It is upregulated in many human HCCs and shown to be positive in mouse 
liver adenomas and carcinomas (Jeannot et al. 2011; Osada et al. 2000). GS immunopositivity 
in combination with beta-catenin mutations is an important feature of HCC in both in humans 
and mice (Harada et al. 2004; Loeppen et al. 2002; Nault and Zucman-Rossi 2011; Sekine et 
al. 2006; Yamada et al. 1999; Yamaoka et al. 2006; Zenali et al. 2010). In addition, some have 
claimed that GS may be a novel serum marker for early HCC, especially for those patients with 
low AFP levels (<or=200 ng/ml) (Long et al. 2010b).

C-myc amplification has been implicated in the pathogenesis and progression of several human 
neoplastic diseases and c-myc amplification in HCC has been indicated as an unfavorable 
prognostic indicator (bou-Elella et al. 1996). The c-myc proto-oncogene is frequently 
deregulated in liver tumors. Furthermore, enforced expression of c-myc in the liver promotes 
the development of hepatocellular carcinomas, a process that is accelerated by co-expression 
with transforming growth factor-alpha (TGF-α) (Cavin et al. 2005). Because c-myc is a known 
inducer of wild type p53, decreased c-myc expression may lead to uncontrolled cell growth 
because of the lack of p53 expression that normally induces apoptosis (Yuen et al. 2001). The 
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c-myc gene has also been shown to be expressed in the adjacent liver tissue and in some of 
the human cirrhotic livers. However, considerable evidence exist that the expression of c-myc 
gene (proto-oncogene) is involved in the process of human hepatocarcinogenesis (Zhang et 
al. 1990). C-myc gene amplification and the consequent over expression of the amplified 
oncogene have been detected frequently in various types of solid tumors, including HCC, and 
may play an important role in tumor pathogenesis, probably because the over expression of 
the oncogene confers a growth advantage.
Transforming growth factor alpha (TGF-α) is a mitogenic growth factor that plays a role in 
the development of liver cancer in humans and rodents and increased expression of TGF-α) 
along with epidermal growth factor receptor (EGFR) occur frequently in human hepatocellular 
carcinoma and may be events of the early stages of human hepatocarcinogenesis (Daveau 
et al. 2003; Moser et al. 1997; Schiffer et al. 2005). TGF-α and EGFR are not detected by 
immunohistochemical staining in normal livers(Morimitsu et al. 1995). Immunohistochemical 
studies in rats and mice have demonstrated TGF-α nuclear staining of HCCs, and TGF-α may 
favor tumor progression in transgenic mice (Kobayashi et al. 2000; Lee et al. 1992; Sandgren 
et al. 1993; Vail et al. 2001).

Scoring of the immunohistochemical results 
The semiquantative scoring method per slide was based on the following: Marginal = 1 (0-5 
%), slight = 2 (6-20 %), moderate = 3 (21-40%), marked = 4 (41-80%), severe = 5 (81-100%), as 
described for grading of liver lesions (Thoolen et al. 2010), with the exception that, when focal 
or patchy distribution of markers-staining occurred instead of diffuse, the highest grading 
score was considered leading. Localization was characterized as either membranous (CD34), 
cytoplasmic (GS, TGF-α), and/or nuclear (beta-catenin, c-myc, Ki-67). Immunohistochemical 
assessment of the proportion of cells for the staining for the nuclear antigen Ki-67 (both 
mib-1 and SP6 clone) was based on the counts in three randomly selected high-power (x40 
objective) fields (HPFs). In order to analyze this, slides were examined using a Zeiss AxioPlan 
imaging microscope coupled to a digital camera system (AxioVision) at a magnification of 
x400. Cells with questionable nuclear staining or other than hepatocytes (e.g. inflammatory 
cells) were discarded. Necrotic, thick and inflamed areas as well as overlapping tumor cells 
were avoided during evaluation. Ki-67 labelling (fraction of proliferating cells) was calculated 
as a mean fraction of Ki-67 positive cells devided by the total cell count for 3 HPFs. 

Table 1. Antibody, company, dilution, incubation, antigen retrieval and detection for IHC- staining HCCs

 Antibody Species Company Dilution Incubation Antigen 
retrieval

Detection method 

Ki-67; 
a) clone MIB-1
b) clone SP6

Mouse MAb
Rabbit MAb

DAKO
Neomarkers

1:200
1:100

15 min, RT
15 min, RT

Citrate
EDTA

BASM - ABC - DAB chromogen 
BASM - ABC - DAB chromogen

CD34 
a) anti-human
b) anti-rat

Mouse MAb
Goat poly

Immunotech
R&D Systems

1:800
1:100

15 min, RT
60 min, RT

Citrate 
EDTA

BASM - ABC - DAB chromogen
Manual

Beta-catenin Mouse MAb Novocastra 1:20 15 min, RT EDTA BASM - ABC - DAB chromogen

Glutamine 
synthetase

Mouse MAb BD 
Transduction 
Laboratories

1:1600 15 min, RT EDTA BASM - ABC - DAB chromogen

C-myc Rabbit MAb Abcam 1:100 15 min, RT EDTA BASM - ABC - DAB chromogen

TGF-alpha Sheep poly LifeSpan 
BioSciences

1:200 60 min, RT EDTA Manual

Abbreviation/antibody: IHC - immunohistochemistry; HCCs - hepatocellular carcinomas; Ki-67 - nuclear protein associated with proliferation; 
CD34 - cell surface glycoprotein and functions as a cell-cell adhesion factor; Beta-catenin - cell surface glycoprotein subunit of the cadherin 
protein complex/component of Wnt- signaling pathway; GS - enzyme that catalyzes the synthesis of glutamine from glutamate and ammonia; 
C-myc - regulator gene /proto-oncogene; TGF-α - transforming/tumor growth factor alpha; RT - Room temperature; BASM - Bond automated 
staining machine; ABC - Avidin-Biotin Complex (ABC) Method; DAB - 3,3’ diaminobenzidine tetrahydrochloride; EDTA - Ethylene diamine-
tetraacetic acid.
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Results

Immunohistochemical results
Histomorphological features of the rat and human HCC selected for IHC staining are presented 
in Table 2 (a, b). The rat HCCs selected for this study were expansile and infiltrative lesions 
consisting of eosinophilic to amphophilic moderately well differentiated hepatocytes. These 
HCCs were multinodular with trabecular and solid growth patterns. One rat HCC had areas of 
necrosis and hemorrhage. Normal pre-existing liver parenchyma was present at the periphery 
of all rat HCCs. The human HCCs consisted of nodular proliferation of hepatocytes arranged in 
solid sheets and irregular trabeculae with compression of adjacent cirrhotic liver parenchyma. 
The human HCCs ranged from poorly differentiated to highly differentiated.

In Table 2 a-b, the localization, number of staining features, and IHC staining scores are 
presented for both human and rat HCCs. All 5 human HCCs were immunopositive with three 
of the 6 markers (Ki-67, CD34 and glutamine synthetase) and 2/5 human HCCs were strongly 
positive for c-myc. The most pronounced immunopositivity in rat HCCs was with glutamine 
synthetase (4/5), Ki-67 (3/5), and CD34 (2/5) markers, but with the exception of glutamine 
synthetase, the staining intensity was less in the rat HCCs. Five human HCCs were negative for 
beta-catenin and TGF-α, whereas 1/5 and 2/5 rat HCCs were immunopositive for beta-catenin 
and TGF-α, respectively. Normal human and rat tissues stained negative for the markers used, 
with the exception of glutamine synthetase which stained peri-venular hepatocytes in normal 
liver of both human and rat tissues examined.

The proliferative marker Ki-67 tested in this study consisted of two clones. The MIB-1 clone 
was used for human HCCs whereas the rat-specific SP6 clone was used on the rat HCCs (Fig. 
1b). Both Ki-67 markers showed increased expression in the HCCs with prominent staining of 
the mitoses in human and rat tumors.
CD34 immunostaining was consistently stronger in the human HCCs (Fig. 2b) as compared 
to the rat that only showed weak staining for this marker in 2/5 HCC. Unpaired (non-triadal) 
arteries and capillarized sinusoids were immunopositive for CD34 in 5/5 human and 2/5 rat 
HCCs. Non-triadal arteries are known to be easily detected with CD34 in HCCs, in contrast to 
normal sinusoidal endothelial cells that do not express CD34b (Park and Yeh 2011; Roncalli et 
al. 1999). 

Membranous beta-catenin stain was observed in two human HCCs, however, no nuclear stain 
could be observed as is sometimes observed in hepatocarcinogenesis. In contrast, in the rat 
HCCs, one animal showed slight nuclear beta-catenin stain (Fig. 3b) in addition to membranous 
stain of the malignant hepatocytes.
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Table 2a. IHC-staining of Human (UMCU) hepatocellular carcinomas

HEPATOCELLULAR 
CARINOMA - 
HUMAN; N=5

Morphological Features 
of Selected HCCs

Block no. Ki-67 
(mib-1) LI

Beta-catenin 
(nuclear)

CD34 
(anti-hu)

Glut. Synth. C-Myc TGF-α

T04-14070 Poorly differentiated solid 
growth pattern

26% 0 2 Normal parenchyma 
positive. HCC has 
focal area of positivity.
Overall Score = 2

5 0

T07-18582 Highly differentiated with 
trabecular growth pattern

5% 0 3 Normal parenchyma 
positive. HCC has  
area(s) of positivity.
Overall score = 3

0 0

T07-22795 Moderately differentiated with 
trabecular growth pattern

36% 0 3 Normal parenchyma 
positive. HCC has  
area(s) of positivity.
Overall score = 2

0 0

T09-04439 Highly differentiated with 
trabecular growth pattern.

15% 0 4 Normal parenchyma 
positive. HCC has  
area(s ) of positivity.
Overall score = 3

5 0

T97-13426 Poorly to moderately differen-
tiated multilobular HCC with 
trabecular growth pattern and 
presence of vascular inva-
sion.

9% 0 3 Normal parenchyma 
positive. HCC has  
area(s) of positivity.
Overall score = 2

0 0

IHC-scoring = 1: marginal (0-5 %), 2: slight (6-20 %), 3: moderate: (21-40%), 4: marked (41-80%) and 5: severe (81-100%). 
For Ki-67, LI: percentage of mean labelling index of positive cells at 3 HPFs (at magnification x400). IHC-scoring = marginal: < 5 %, slight 
(6-10 %), moderate: (11-20%), marked (21-30%) and severe: > 30%.

Table 2 b. IHC-staining of RAT (NTP) hepatocellular carcinomas

HEPATOCELLULAR 
CARINOMA – RAT; 
N=5

Morphological Features 
of Selected HCCs

Animal- Bock no. Ki-67 
(SP6) LI

Beta-catenin 
(nuclear)

CD34 
(anti-rat)

Glut. Synth. C-Myc TGF-α

426M – 12 Male F344 treated with tetra-
chloroethylene. Well differen-
tiated HCC with predominant 
trabecular growth pattern

15% 0 0 Normal parenchyma 
positive. HCC has few 
areas of positivity.
Overall Score = 1

5 0

MM246 – 26 Male F344 rat treated with 
o-nitrotoluene. Well differenti-
ated multinodular HCC with 
trabecular growth pattern and 
some hemorrhage and 
necrosis within the carcinoma

11% 2 1 Normal parenchyma 
positive. HCC has 
area(s) of positive 
staining.
Overall score = 3

0 0

HM623 – 26 Male F344 rat treated with 
o-nitrotoluene. Well differenti-
ated HCC with solid and 
trabecular growth patterns.

5% 0 1 Normal parenchyma 
positive. HCC with 
area(s) of positive 
staining of HCC.
Overall score = 3

0 0

LF255 -15 Female Sprague-Dawley rat 
treated with tetrachloroazo-
benzene. A large well diffe-
rentiated HCC with a trabe-
cular growth pattern and 
presence of angiectasis 
within the carcinoma

0% 0 0 Normal parenchyma 
positive. One area of 
HCC; slight positive 
staining.
Overall score = 2

5 0

HF691 – 11 Female Sprague-Dawley rat 
treated with polychlorinated 
biphenyl 126/153. Well diffe-
rentiated HCC with trabe-
cular, solid, and acinar growth 
patterns.

0% 0 0 Normal parenchyma 
positive. No staining 
of HCC.
Overall score = 0

0 0

IHC-scoring = 1: marginal (0-5 %), 2: slight (6-20 %), 3: moderate: (21-40%), 4: marked (41-80%) and 5: severe (81-100%). 
For Ki-67, LI: percentage of mean labelling index of positive cells at 3 HPFs (at magnification x400). IHC-scoring = marginal: < 5 %, slight 
(6-10 %), moderate: (11-20%), marked (21-30%) and severe: > 30%. 
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Discussion and conclusion

In preclinical testing of drugs and environmental agents, identification of carcinogens and 
limiting their exposure is one approach to reducing the human risk of hepatocarcinogenicity. 
Epidemiology and rodent bioassays are the predominant means by which potential human 
carcinogens are identified. Two classical rodent oncogenicity bioassays (rat and mouse) have 
been used for many years to assess the carcinogenic potential of drugs and environmental 
agents. In addition, it has been shown that more than half of all known human carcinogens 
are hepatocarcinogens in rodents (Tsuda et al. 2010). The use of a genetically modified mouse 
model in addition to a rat two-year carcinogenicity study is currently acceptable to some 
regulatory agencies in the conduct of preclinical safety toxicity studies (Long et al. 2010a; 
Storer et al. 2010). Therefore, conventional rat carcinogenicity studies continue to be a primary 
model for safety evaluation of new chemicals and pharmaceuticals. In these rat studies, the 
occurrence of spontaneous and/or xenobiotic-induced liver neoplasia such as hepatocellular 
carcinomas will continue to play a major role in safety assessment. 

In human hepatopathology, the use of immunohistochemical markers is common practice to 
assist in determination of intervention strategies and prognosis. To determine the value of these 
markers in rat toxicologic pathology studies, investigation of the similarities and differences 
between human and rat hepatocellular carcinomas based on their immunohistochemical 
staining patterns was performed. The 6 selected IHC markers were chosen based on prior 
publications showing their use in rodent and human hepatic neoplasia. While Ki-67, beta-
catenin, CD34 and glutamine synthetase have been more commonly used in past studies, 

increased expression in human and/or rodent HCC has also been documented for c-myc (Cai 
et al. 1994; Fang 2009; Feitelson 2004; Hoenerhoff et al. 2011; Pascale et al. 1996; Peng et al. 
1993; Tabor 1994) and TGF-α (Baek et al. 2010; Lee et al. 1992; Masui et al. 1997; Moser et al. 
1997; Tamano et al. 1994).

Beta-catenin has two distinct roles: One in E-cadherin mediated cell adhesions as can be 
observed in normal hepatocytes and the other in carcinogenesis by activating the wnt/
beta-catenin signaling pathway. One occurs at the cell-adhesions site, where cadherins are 
linked to the actin-based cytoskeleton. The other takes place in the cytoplasm and nucleus 
and is thought to regulate cell transformation (Wang et al. 2006). Only the nuclear staining 
was scored for beta-catenin because of the known role of nuclear staining in carcinogenesis. 
Consequently, beta-catenin staining is involved in cadherin-mediated cell-cell adhesion as 
well as in signal transduction and functions as an oncogene in various human cancers (Calvisi 
et al. 2001; Cavard et al. 2006; Sekine et al. 2006; Yamada et al. 1999; Yamaoka et al. 2006).
As as part of the signaling of the Wnt/catenin pathway, glutamine synthetase immunostaining 
is a relevant criterion for the identification of HCC that have beta-catenin mutations and 
associated beta-catenin nuclear staining (Austinat et al. 2008; Loeppen et al. 2002; Long et 
al. 2010b; Rignall et al. 2011; Roskams and Kojiro 2010). However, in this study no nuclear 
beta-catenin staining was observed in the five human and rat HCCs selected, while slight to 
moderate glutamine synthetase staining was observed in all 5 human liver tumors and in 
4/5 rat HCCs. It has been reported that undifferentiated HCCs frequently have cytoplasmic/
membranous beta-catenin accumulation without nuclear staining and glutamine synthetase 
expression (Nault and Zucman-Rossi 2011). The absence of nuclear beta-catenin stain may 
be due to inter-individual variation in these HCCs, their degree of differentiation, and the 
sometimes low incidence of approximately 14-34% beta-catenin positivity occurring in 
human HCC (Nault and Zucman-Rossi 2011). 
Increased glutamine synthetase staining was observed in all human and rat HCCs, except for 
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one rat HCC (animal HF691), which did not show positivity for any other immunohistochemical 
marker tested. The scoring for the glutamine synthetase staining was comparable between 
human and rat HCCs (Table 2; Figs. 4b and 5b).

Amplifications of the c-myc gene has been implicated in the pathogenesis and progression of 
several human neoplastic diseases. In addition, c-myc amplification in HCC is considered to 
have an unfavorable prognosis (bou-Elella et al. 1996). In our study, c-myc staining was only 
observed in 2/5 human HCCs, however, both had strong staining (Fig. 6b). The HCCs from 
these two patients also showed strong Ki-67 staining indicating the high proliferative index of 
these malignant tumors. None of the rat HCCs had c-myc immunopositivity.

TGF-α, as a growth factor that plays a role in development in liver cancer in humans and rodents, 
only showed marginal “patchy” cytoplasmic staining within the tumor of two rat HCCs. 

The IHC staining protocol used in this study were standardized and uniformly and 
simultaneously applied to all human and rat HCCs to allow for appropriate comparison 
between species and among different HCCs. For those HCCs that had variability in positive 
staining or no staining, as for c-myc in rat HCCs or nuclear beta-catenin and TGF-α in human 
HCCs, further adjustment of antigen retrieval, antibody concentration and/or incubation times 
could possibly yield different results. However, in routine studies, use of standardized staining 
protocols is accepted practice. Consequently, at this time we are not able to explain the 
reason(s) for the observed variability in IHC staining results among different HCCs.

A previous comparative study documented similar morphological features of hepato-
proliferative lesions, including HCCs, in humans and rats (Thoolen et al. 2012). In the present 
investigation, immunohistochemical markers tested on human and rat HCCs revealed positive 
staining of some HCCs in both species. The most prominent correlation of cross-species 
immunopositivity was present for glutamine synthetase, CD34 and Ki-67. Beta-catenin and 
TGF-α immunopositivity was present for one or two rat HCCs, respectively, and both were 
negative for the 5 human HCCs. Our findings suggest that glutamine synthetase, CD34 and 
Ki-67 are most likely to be useful in studying precursor lesions involved in the pathogenesis 
of HCC in rats and humans.



Figure 1 A-B: Rat hepatocellular carcinoma (HCC). Highly differentiated trabecular tumor (H & E; Fig A) shows 
strong staining of the nuclei of tumor cells with proliferation marker Ki-67 (SP6 clone) staining (Fig B). Prominent 
staining of mitoses (insert). Figure 2 A-B: Human HCC (Fig A; H & E) with diffusely positive CD34-staining of 
vascular associated tissue within the tumor with largely negative staining of the sinusoids of normal compressed 
liver parenchyma (Fig B; CD34). Figure 3 A-B: Rat HCC (Fig A; H & E). Betacatenin positive membranes and slight 
nuclear betacatenin positive staining of tumor cells were observed (insert). The tumor is surrounded by pre-
existing liver parenchyma (lower left corner) (Fig B; Betacatenin).



Figure 4 A-B: Human HCC (Fig A; H & E) with strong diffuse glutamine synthetase positivity of tumor (right) 
with normal tissue (left) showing partly staining of hepatocytes near terminal hepatic venules (Fig B; Glutamine 
synthetase). Figure 5 A-B: Rat HCC (Fig A; H & E) with moderate glutamine synthetase staining of tumor, showing 
normal pattern of surrounding normal liver tissue at the right half of the picture. (Fig B; Glutamine synthetase). 
Figure 6 A-B: Human HCC (Fig A; H & E). Tumor with strong C-myc positivity 80-90% of cells in focal area (middle) 
surrounded by negatively stained normal tissue including bile duct at the left upper part. (Fig B; C-myc).
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Abreviations

ABC = Avidin-Biotin Complex (ABC) method.
AF-P = Alpha-fetoprotein.
BAMS = Bond automated staining machine. 
Beta-catenin = Cell surface glycoprotein subunit of the cadherin
  protein complex/component of Wnt- signaling pathway.
BF = Basophilic focus.
BMU = BenchMark Ultra (Ventana).
CF = Clear cell focus.
C-myc = Regulator gene /proto-oncogene. 
DAB = 3,3’ diaminobenzidine tetrahydrochloride.
EDTA = Ethylenediaminetetraacetic acid.
EF = Eosinophilic focus.
Erasmus MC = Erasmus University Medical Centre Rotterdam.
f = Female.
FCA(s) = Foc(us)i of cellular alteration.
FNH = Focal nodular hyperplasia.
GPC-3 = Glypican-3.
GS = Glutamine synthetase, enzyme that catalyzes the synthesis
  of glutamine from glutamate and ammonia.
HCA = Hepatocellular adenoma.
HCC = Hepatocellular carcinoma.
H&E = Hematoxylin and Eosin.
hu = Human.
IHC = Immunohistochemical or immunohistochemistry. 
Ki-67 = Nuclear protein associated with proliferation.
LCC = Large cell change.
m = Male.
MAb = Monoclonal antibody.
NIH = National Institutes of Health, U.S.A.
NIEHS = National Institute of Environmental Health Science, U.S.A.
NTP = National Toxicology Program.
PolyAb = Polyclonal antibody.
r = Rat.
RT = Room temperature.
SCC = Small cell change.
UMCU = University Medical Center Utrecht.
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Introduction

As the liver is a major target organ in safety assessment of pre-clinical toxicity and oncogenicity 
studies with rodents and a primary target for xenobiotic-induced toxicity (Greaves 2007; Lee 
et al. 2003), the early detection and interpretation of hepatoproliferative lesions, as well as 
non-proliferative lesions, are of vital importance. One of the safety issues after long-term 
administration of a xenobiotic is cancer hazard assessment, as both early and late proliferative 
liver lesions that may progress towards hepatocellular carcinomas that are found in animals 
might be indicative for hepatocarcinogenesis in humans as well. During toxicity screens 
in preclinical drug assesment, animal livers are therefore meticulously scrutinized for such 
lesions.
In this study, apart from neoplastic lesions (hepatocellular carcinoma (HCCs) and hepatocellular 
adenoma (HCA), examples of human large and small cell change (liver cell dysplasia) are 
presented and compared with rat foci of cellular alteration (basophilic, eosinophilic and clear 
cell foci) using immunohistochemical markers commonly used in the clinic. Comparative 
staining of immunohistochemical markers proven to be relevant for both human and 
rat HCC was performed for beta-catenin, glutamine synthetase and c-myc. These three 
immunohistochemical markers were selected based on a pilot study comparing human and 
rat HCC (Thoolen et al. 2012). The purpose of the present study is to identify differences and/
or similarities in immunohistochemistry staining characteristics of both pre-neoplastic and 
neoplastic liver lesions in humans and rats. Based on these comparative findings, we hope to 
define the clinical and preclinical relevance of the selected immunohistochemical markers in 
humans and rats, respectively. 

Method

Formalin fixed, paraffin embedded slides of human hepatocellular carcinomas (HCCs), 
hepatocellular adenomas (HCAs), focal nodular hyperplasia (FNHs), small cell shange (SCC), 
and large cell change (LCC) (obtained from surgical liver specimen (UMCU; Department of 
Pathology, Division of Laboratories and Pharmacy, University Medical Center Utrecht and 
Erasmus University Medical Centre Rotterdam (Erasmus UMC) in The Netherlands) were used 
for investigation. In the livers investigated from Erasmus MC there was extensive replacement 
of liver parenchyma by connective tisue characteristic of these cirrhotic liver specimen. 
Within the cirrhotic nodules, dyplastic foci of LCC, SCC or their combination were present and 
selected for investigation.

Paraffin slides of rat hepatocellular carcinomas, hepatocellular adenomas, basophilic foci, 
eosinophilic foci and clear cell foci (foci of cellular alteration) were obtained from the National 
Toxicology Progam (NTP) studies of chemical-induced hepatocarcinogenesis in rats (NTP 
Pathology group, National Institute of Environmental Health Science, U.S.A). 
All slides were first reviewed by a clinical liver pathologist and two toxicologic pathologists 
using classical and currently used standardized diagnostic criteria for these tumors in both 
human and rat (Bannasch and Zerban 1990; Ferrell and Kakar 2007; Goodman 2007; Ishak et 
al. 2001; Thoolen et al. 2010).

Serial sections of each paraffin block were obtained. Before comparative evaluation, the first 
and last slides of each paraffin block for each specimen containing tumor or dysplastic tissue 
were examined by H&E to confirm the presence of tumor/dysplastic tissue in the intervening 
slides used for subsequent investigation. Slides from rat liver lesions were prepared by NTP.
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All H&E. and immunohistochemical staining was done at the UMCU (Rat slides, human 
FNHs, HCCs and HCAs) or Erasmus UMC (SCCs and LCCs) after collection of all unstained 
paraffin sections on coated glass slides (e.g. Superfrost plus, Thermo Scientific). There were 10 
representative liver samples for each specific lesion type (Table 1). Three immunohistochemical 
markers (beta-catenin, glutamine synthetase, and c-myc) were applied to one of the serial 
sections for each lesion type. These markers were selected based upon a prior pilot study of 
human and rat HCCs (Thoolen et al. 2012 - Accepted). In the evaluation of beta-catenin stained 
slides, scoring was based on nuclear-cytoplasmic staining and not on membrane staining 
since this can also be observed in normal liver tissue. For the human LCCs and SCCs, additional 
Glypican-3 (GPC-3) and Alpha-fetoprotein (A-FP) staining was performed. The method used 
for immunohistochemical staining of FNH, HCC and HCA was similar to that described in the 
earlier pilot study in rat and human (Thoolen et al, 2012 - Accepted).

Table 1. HUMAN (UMCU) / RAT (NTP) liver lesions

Species Lesions

HUMAN FNH HCC HCA LCC SCC Slides

n=10 n=10 n=10 n=10 n=10 290

Patients no.
m/f

8
0/8

8
0/8

8
0/8

10
10/0

9
7/2

RAT HCC HCA EF BF CF

n=10 n=10 n=10 n=10 n=10 250

Animal no.
m/f

10
3/7

10
5/5

10
9/1

10
5/5

10
9/1

540

Abbreviations: FNH - Focal nodular hyperplasia, HCC - Hepatocellular adenoma, HCA - Hepatocellular adenoma, LCC - Large Cell 
Change, SCC - Small Cell Change, H&E - Hematoxylin and eosin, m - Male, f - Female, EF - Eosinophilic focus, BF: Basophilic focus & 
CF - Clear cell focus.

Immunohistochemical staining

Formalin-fixed, paraffin embedded sections were deparaffinized with xylene, rehydrated, 
and subjected to antigen retrieval. Following non-specific blocking steps, polyclonal and 
monoclonal primary antibodies were applied according to the following method and at 
the following dilutions: Betacatenin; monoclonal mouse anti-human/ anti-rat-betacatenin 
(Novocastra NCL-B-Cat) at 1:20, Glutamine synthetase; monoclonal mouse anti-rat/anti-
human glutamine synthetase (BD Transduction Laboratories) at 1:1600), c-myc; rabbit 
monoclonal anti-human/anti-mouse/anti-rat c-myc (Abcam, ab 32072) at 1:100, Glypican-3; 
mouse monoclonal antibody, clone Ig12, Santa Cruz, Biotechnology, CC1-Mild), at 1:200 
and Alpha-fetoprotein (AF-P); AFP (rabbit polyclonal antibody, Dako) at 1:3200. EDTA pre-
treatment was performed for beta-catenin, glutamine synthetase, c-myc, GPC-3 and AF-P 
staining. 
For immunostains beta-catenin, glutamine synthetase and c-myc at UMCU, staining was 
performed using the Bond automated staining machine (Leica, Germany) with the Bond 
polymer refined detection kit (Leica, cat. no DS9800). The BenchMark Ultra (Ventana) was 
used at Erasmus MC for the LCCs and SCCs for beta-catenin, glutamine synthetase, GPC-3 
and AF-P stains. 
In brief, the protocol sequence on the Bond stainer is antigen retrieval with epitope retrieval 
1 and 2, primary antibody 15 min RT, and Bond polymer (second antibody) 8 min RT (room 
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temperature), 3,3’ diaminobenzidine tetrahydrochloride 10 min RT.  
For the BenchMark Ultra (GPC-3, AF-P) the protocol sequence is antigen retrieval with Bench-
Mark Tris/EDTA, primary antibody 32 min at 36˚C, DAB (3,3’ diaminobenzidine tetrahydro-
chloride ) 8 min RT.
Positive controls, with tissue known to exhibit positive expression of proteins of interest were 
used for visualization. Sections were then dehydrated in graded alcohols and cover slipped. 
A summary of the methods used is described in Table 2.

Table 2. Antibody, company, dilution, incubation, antigen retrieval and detection for IHC-staining for human and 
rat samples

Antibody
(UMCU)

Species Company Dilution Incubation Antigen 
retrieval

Detection method 

Beta-catenin Mouse MAb Novocastra 1:20 15 min, RT EDTA BASM - ABC - DAB

Glutamine 
synthetase

Mouse MAb BD 
Transduction 
Laboratories

1:1600 15 min, RT EDTA BASM - ABC - DAB

C-myc Rabbit MAb Abcam 1:100 15 min, RT EDTA BASM - ABC - DAB

Antibody
(Erasmus MC)

Species Company Dilution Incubation Antigen 
retrieval

Detection method 

Beta-catenin Mouse MAb BD  
BioScience

1:200 32 min, 36˚C Tris/EDTA
64 miunten

BMU - Multimer- DAB

Glutamine 
synthetase

Mouse MAb Neomarkers 1:200 32 min, 36˚C Tris/EDTA
64 minuten

BMU -Multimer - DAB

*Glypican-3 Mouse MAb Santa Cruz 
Biotechnology

1:200 32 min, 36˚C Tris/EDTA BMU -Multimer - DAB

*Alpha-
fetoprotein

Rabbit 
PolyAb

Dako 1:3200 32 min, 36˚C Tris/EDTA
64 minuten

BMU - Multimer - DAB

Abbreviation/antibody: RT - Room temperature; BASM - Bond automated staining machine; ABC - Avidin-Biotin Complex (ABC) Method;
DAB - 3,3’ diaminobenzidine tetrahydrochloride; EDTA - Ethylenediaminetetraacetic acid.
*   These antibodies were only used for staining of liver cell dysplasias (LCC and SCC).

Scoring of the immunohistochemical results and statistical analysis

The semi-quantative scoring grading was based on the following scoring: Marginal: 1, slight: 
2, moderate: 3, marked; severe; 5. as described for grading of liver lesions (Thoolen et al., 
2010), with the exception that, when focal or patchy distribution of markers-staining occurred 
instead of diffuse, the highest grading score was considered leading. Both distribution and 
intensity of the DAB reaction were taken into account in total score setting.

Statistical analyses
Results of the marker scores for both human rat lesions, and between the lesions on these 
ordinal variables was performed using the Mann-Whitney U Test (2-sided test) with HCC as 
reference. In addition, pair-wise comparisons between similar liver lesions in rat and human 
(HCChuman/rat, HCAs human/rat, LCC human versus EF rat and SCC human versus BF rat) 
were performed using the non-parametric Mann-Whitney U test (2-sided).
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Results

Histopathology evaluation and immunohistochemistry

Histopathological review of the lesions under investigation was first performed on H. & E.-
staint slides to confirm the diagnosis of the liver lesions and to assure the presence of the 
lesions among the unstained sections to be used for immunostaining. Subsequently, after 
immunostaining slides were reviewed and results recorded (Table 3).

Table 3. Immunohistochemical results for all slides examined in both human and rat proliferative liver lesions

UMCU-slides

FNH (N=10)

No. T-numbers/patient Block number b-Caten GlutS C-myc

1 T02-09063  B 0 4 0

2 T03-00442  K 0 5 0

3 T03-12451  E 0 5 0

4 T06-07402  II C 0 4 0

5 T06-07932  A 0 4 0

6 T06-16754  IV-C 0 4 0

7 T06-16754  I-B 0 4 0

8 T07-20935  D1 0 4 0

9 T07-21281  C 0 3 0

10 T94-4994  A 0 4 0

Average IHC-score: 0 4.1 0

HCC (N=10)

No. T-numbers/patient Block number b-Caten GlutS C-myc

1 T01-04854  A 1 4 2

2 T04-14070  II H 0 5 5

3 T06-00752  II A 0 2 1

4 T07-18582  B I 2 5 0

5 T07-22795  II B 1 0 5 0

6 T09-04439  I-5 0 3 4

7 T02-19872  I 0 5 3

8 T98-09718  I-V 0 3 0

9 T93-07691  I 0 2 0

10 T97-13426  E 0 3 0

Average IHC-score: 0.3 3.7 1.5
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HCA (N=10)

No. T-numbers/patient Block number b-Caten GlutS C-myc

1 T00-02635  IID 1 2 0

2 T00-02635  IIA 2 2 0

3 T00-07580  C 0 2 0

4 T00-07580  K 0 3 0

5 T02-15992  IIB 0 2 0

6 T02-15992  III H 0 0 0

7 T08-00529  C 0 1 0

8 T09-17547  I-7 0 1 0

9 T10-05028  I-2 0 0 2

10 T10-07653  II-4 4 3 0

Average IHC-score: 0.7 1.6 0.2

Erasmus MC slides

LCC (N=10)

No. H-numbers Block number b-Caten GlutS C-myc GPC-3 A-FP

1 H2010-18366  1 A 0 3 0 0 0

2 H2009-27863  H 0 4 0 0 0

3 H2009-24647  B 0 4 0 0 0

4 H2010-9354  I 0 4 0 0 0

5 H2009-6031  G 0 4 0 0 0

6 H2010-13587  J 0 4 0 0 0

7 H2009-7592  C 0 4 0 0 0

8 H2009-96  E 0 4 0 0 0

9 H2009-19723  H 0 5 0 0 0

10 H2010-1224  G 0 4 0 0 0

Average IHC-score: 0 4 0 0 0

SCC (N=10)

No. H-numbers Block number b-Caten GlutS C-myc GPC-3 A-FP

1 H2009-27863  C 0 4 0 0 0

2 H2009-24647  G 0 2 0 0 0

3 H2010-6551  G 0 5 0 0 0

4 H2010-1224  K 0 4 0 0 0

5 H2010-13587  I 0 3 0 0 0

6 H2009-7592  E 0 2 0 0 0

7 H2009-7592  C 0 3 0 0 0

8 H2009-24110  K 0 4 0 2 1

9 H2009-15813  F 0 5 0 0 3

10 H2009-96  E 0 3 0 0 0

Average IHC-score: 0 3.5 0 0.2 0.4
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Rat NTP slides

HCC (N=10)

No. Animal nos. Block number b-Caten GlutS C-myc

1 425M 14 1 2 1

2 426M 12 0 2 0

3 467F 13 0 5 0

4 420M 4 0 1 0

5 LF255 15 0 1 0

6 473F 11 1 0 5

7 287 3 0 4 0

8 282 3 0 4 0

9 281A 3 0 4 0

10 230B 3 0 5 0

Average IHC-score: 0.2 2.8 0.6

HCA (N=10)

No. Animal nos. Block number b-Caten GlutS C-myc

1 467 12 0 0 3

2 UM50 22 0 0 0

3 LM82 23 0 3 0

4 MM216 23 0 0 0

5 515 15 0 0 0

6 602 16 0 0 0

7 603 17 0 1 0

8 431M 14 0 1 0

9 MF449 15 0 5 0

10 LM85 13 0 1 1

Average IHC-score: 0 1.1 0.4

FCA/EOS (N=10)

No. Animal nos. Block number b-Caten GlutS C-myc

1 HM170 6 0 1 0

2 HM173 6 0 1 0

3 MM106 6 0 2 0

4 MM107 6 0 1 0

5 MM117 6 0 1 0

6 HF389 6 0 1 0

7 LH319 6 0 1 0

8 IM168 6 0 1 0

9 IM160 6 0 0 0

10 IM149 6 0 1 0

Average IHC-score: 0 1 0
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FCA/BAS (N=10)

No. Animal nos. Block number b-Caten GlutS C-myc

1 LF288 6 0 0 0

2 LF291 6 0 0 0

3 LF294 6 0 0 0

4 MF304 6 0 0 0

5 MF303 6 0 1 0

6 LF326 6 0 0 0

7 LF324 6 0 0 0

8 LF320 6 0 2 0

9 LF319 6 0 0 0

10 UM13 6 0 0 0

Average IHC-score: 0 0.3 0

FCA/CLEAR (N=10)

No. Animal nos. Block number b-Caten GlutS C-myc

1 UM16 6 0 3 0

2 UM15 6 0 2 0

3 UM14 6 0 2 0

4 UM4 6 0 2 0

5 IM147 6 0 1 0

6 IM155 6 0 4 0

7 IM157 6 0 3 0

8 MF548 6 0 1 0

9 UM6 6 0 1 0

10 431M 12 0 1 0

Average IHC-score: 0 2 0

Abbreviation/antibody: UMCU - University Medical University Center; IHC - Immunohistochemistry; FNH - Focal nodular hyperplasia; 
b-Caten - Betacatenin: cell surface glycoprotein subunit of the cadherin protein complex/component of Wnt- signaling pathway; GlutS - 
Glutamine synthetase: enzyme that catalyzes the synthesis of glutamine from glutamate and ammonia; C-myc - regulator gene /proto-
oncogene; HCC - Hepatocellular carcinoma; HCA - Hepatocellular adenoma; LCC - Large cell change; SCC - Small cell change; NTP - 
National Toxicology Program; FCA/BAS - Focus of cellular alteration, basophilc focus; FCA/EOS - Focus of cellular alteration, eosinophilic 
focus; FCA/CLEAR - Focus of cellular alteration, clear cell focus.
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Immunohistochemistry

Human

Staining with three immunohistochemical markers (beta-catenin, glutamine synthetase and 
c-myc) expressed nuclear and/or cytoplasmic beta-catenin staining for HCC and HCA and 
not for FNH, LCC and SCC. Glutamine synthetase, however, stained in all lesions with highest 
score grading in HCC, LCC, SCC and FNH (Figures 1-2 and 4-5) with relatively lower scores for 
HCA compared to the other groups. C-myc postivivity was only seen in HCC (Figures 3 a-b) 
and HCA with a higher mean score in the HCC group. 
Staining for Glypican-3, which was performed only for transplated livers of patients with either 
SCC and/or LCC present, could be observed in one case with SCC (Figure 7). Likewise, in livers 
stained for alpha-fetoprotein, focal AF-P-staining was seen in the livers of two patients (Figure 
8). These two patients were not diagnosed for HCC.

Rat

Beta-catenin (nuclear-cytoplasmic) stain was observed in HCC in the rat comparable to human 
HCC. As in human livers, glutamine synthetase stained some cases for all types of lesions with 
highest scores for HCC (Figures 2 c-d). Glutamine synthetase immunopositivity was present 
in all rat FCA/CF as well (Figure 6). C-myc nuclear positive staining was only observed in the 
neoplastic lesions (2/10 HCCs and 2/10 HCAs) as in human. Comparable to human results, 
c-myc positive nuclear staining was only seen in HCC (Figures 3 c-d) and HCA (Figures 10 a-b) 
with higher score in the HCC group.

Statistical analyses

Comparison of the proliferative lesions in human (huFNH, huHCC, huHCA, huLCC and huSCC) 
using immunohistochemical markers: beta-catenin, glutamine synthetase and c-myc, with HCC 
as a reference, revealed that there was a significant difference in GS-staining between HCC 
and HCA (p < 0.05) with HCC showing remarkably higher score for this immunohistochemical 
marker.
In the rat lesions (rHCC, rHCA, rEF, rBF and rCF) comparison of the same imnunohistochemical 
markers was significantly different when HCC was compared with rBF and rEF for glutamine 
synthetase (p < 0.05). 
Pair-wise comparison of huHCC/rHCC, huHCA/rHCA, huLCC/rtEF and huSCC/rBF showed that 
huSCC was significantly different from rBF, and that huLCC differed significantly from rLCC for 
glutamine synthetase.

Discussion and conclusion

In preclinical development, the rodent bioassay is used for hazard identification as an 
intial approach to the problem of reducing the risk of hepatocarcinogenicity. Nowadays, 
epidemiology and rodent bioassays are the predominant means by which putative human 
carcinogens are identified. Both methods have intrinsic limitations: they are slow and 
expensive processes with many uncertainties (Tennant et al. 1995). Some non-proliferative 
lesions have been investigated in combination (e.g. hepatocellular necrosis, hypertrophy, 
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and cytomegaly) to provide supplementary information and thus to enhance the predictivity 
of identifying chemicals with carcinogenic potential (Allen et al. 2004; Grasso and Hinton 
1991). It also has been shown that the dose is an important issue in provoking a carcinogenic 
response above a threshold level for non-genotox xenobiotics (Bergman et al. 1996). Two 
classical rodent oncogenicity bioassays (rat and mouse or hamster) have been used for many 
years to assess the carcinogenic potential of drugs. Even current regulatory guidelines and 
REACH agreement, may require rodent carcinogenicity bioassays (REACH EC 1907/2006).
For carcinogenicity assessment, alternative models for carcinogenicity testing have been 
suggested in the past (Cohen 2010; Fujii 1991; Pietra et al. 1959), since these models are 
generally less time consuming and reduce the number of animals and costs involved. In 
addition, the use of a transgenic or other genetically modified mouse models as replacement 
for the conventional mouse carcinogenicity study in addition to the rat carcinogenicity study, 
has been acceptable to some regulatory agencies in the conduct of preclinical safety toxicity 
studies, primarily for drugs (Long et al. 2010; Storer et al. 2010). However, these have not 
been widely accepted as better alternatives to the conventional mouse bioassays for other 
xenobiotics (Greaves 2007; Maronpot et al. 2004). For overall carcinogenicity assessment, 
these alternative assays have not found general usefulness with the possible exception of 
alternative transgenic mouse models which have been claimed to contribute to the overall 
evaluation of carcinogenic potential and weight of evidence approach for human risk 
assessment. As this will be ongoing debate, alternative packages for carcinogenic assessment 
are revisited (Downes 2010).
Therefore, the conventional rat carcinogenicity studies will have major implications on the 
safety evaluation of chemical/pharmaceuticals to be developed. Of the experimental animals 
most frequently used for studies of liver cancer, the rat is best understood and mimics closely 
many of the lesions in humans. It is of interest to consider that the identification and elucidation 
of the mechanisms underlying the hepatocarcinogenic processes in the rat may offer testable 
hypotheses to similar steps in man. In these preclinical studies, the occurrence of spontaneous 
and/or drug-induced liver neoplasia like hepatocellular carinomas will also play a major role 
in safety assessment. The occurrence of foci of cellular alteration in the livers of rats has been 
a matter of controversy with regard to their role in hepatocarcinogenesis for many years. 
Likewise in human, precursor lesions described as dysplastic lesions (LCC and SCC) have 
been assigned to play a major role in the process of hepatocarcinogenesis (Hunecke et al. 
2012; Libbrecht et al. 2005; Park 2011). Therefore, more research on the significance of these 
presumptive preneoplastic changes associated with xenobiotic-induced HCCs is warranted.

HCC is the most common primary malignancy of the liver, frequently a lethal disease in 
humans and one of the few malignancies that is still increasing in incidence around the world 
(Borbath et al. 2010; Vandelli and Renzo 2000; Zender et al. 2010). Besides viral hepatitis, 
other chronic liver diseases due to excessive alcohol consumption, non-alcohol fatty liver 
disease (NAFLD) and other metabolic disorders are the main risk factors for the development 
development of HCC which is increasing in the Western world (Marquardt et al. 2012). 
In line with the rat liver lesions, preneoplastic dysplastic lesions (large cell change and small cell 
change) have been identified by some (Borzio et al. 1995; El-Sayed et al. 2004; Kobayashi et 
al. 2006; Lefkowitch and Apfelbaum 1987; Podda et al. 1992), whereas others have disputed 
this “pre-neoplastic” concept (Henmi et al. 1985; Natarajan et al. 1997; Park and Roncalli 
2006). Extensive research was done on the “stem cells” of HCC (Cogliati et al. 2010; Deng 
et al. 2011; Fujiyoshi and Ozaki 2011; Knight et al. 2005; Libbrecht et al. 2005; Marquardt 
and Thorgeirsson 2010; Roskams et al. 1996) with different concepts proposed as to which 
cell or cells were considered the origin of HCC. The most current and plausible concept is 
probably two-sided: the (oval) stem cell giving rise to either hepatocellular, cholangiocellular 
or mixed form of liver tumors, the other being the de-differentiation of hepatocyte-like cells to 
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become HCC. However, we know that in the sequence of ‘hyperplasia-adenoma-carcinoma” 
development as can be seen in other tumors, liver adenoma can also differentiate towards 
HCC in 4-5% of the cases (Farges and Dokmak 2010) .
Earlier investigations have shown both morphological and immunohistochemical similarities 
of the so called preneoplastic lesions in livers of both man and rat with HCC (Thoolen et al. 
2012, Thoolen 2012 accepted). The purpose of the research presented here was to show 
the differences and/or similarities in immunohistochemistry staining characteristics of both 
pre-neoplastic and neoplastic liver lesions in both human and rat. In addition, to determine 
the predictive/prognostic value of markers, proven to be relevant for both human and rat 
HCC. This was done by comparing similar proliferative liver lesions in rat and man with regard 
to their IHC-staining characteristics, in order to better understand the pathogenesis of both 
human and rat liver tumor formation. 
The comparative analysis of immunohistochemical staining of three markers (betacatenin, 
glutamine synthetase and c-myc) revealed similarities and differences within and between 
human and rat propliferative liver lesions. In addition, staining for GPC-3, as as marker 
commonly used in diagnosis of HCC but not stained for normal hepatocytes and benign liver 
lesions (Ho and Kim 2011; Roskams and Kojiro, 2010) was performed only for transplanted 
livers of patients. The livers of these patients showed either SCC and/or LCC with or without 
HCC. Of 20 liver cases stained for GPC-3, in one out of ten cases with SCC (Figure 7) staining 
was observed. Likewise, in livers stained for AFP, focal AFP staining was observed in SCC in the 
livers of two patients without diagnosis of HCC (Figure 8). The relevance of this is uncertain, 
but it may illustrate the possible pre-neoplastic nature of these cells. GPC-3 staining has also 
been reported before in a subset of small cirrhotic nodules that may harbor these dysplastic 
cells (Shafizadeh et al. 2008; Wang et al. 2008).

Beta-catenin showed a slightly increased expression (nuclear and/or cytoplasmic) for both 
human HCC and HCA tumor tissue compared to normal tissue. This was also seen in rat 
HCC to a similar degree. Different animal models and clinical studies have demonstrated the 
spectra of Wnt/beta-catenin signaling in liver health and disease with increased expression of 
beta-catenin in liver tumors and that activation of Wingless/Wnt signaling may represent an 
early event in liver carcinogenesis, providing a growth advantage in a subset of hepatic tumors 
with an altered phenotype (Calvisi et al. 2001; Coste et al. 1998; Hechtman et al. 2011; Monga 
2011; Yamada et al. 1999). Although we found beta-catenin in both human HCC and HCA, it 
should be noted that transformation of adenomas to HCC without evidence of beta-catenin 
mutations has also been reported (Lefkowitch 2009).
Glutamine synthetase stained all human lesions investigated, however, with lowest score in 
the human adenomas compared to the other proliferative lesions. FNH showed its characteric 
“map-like” pattern (see Fig. 1 b) as described by others (Bioulac-Sage et al. 2009; van Aalten 
et al. 2011). In addition, comparable expression of GS was found in the human LCC and SCCs 
with HCC and FNH. The significance of this is uncertain, however, it might be indicative of a 
change of metabolism in these pre-neoplastic cells.
Increased c-myc staining in human HCCs and HCAs is in line with the increased c-myc 
overexpression in human HCCs (bou-Elella et al. 1996; Cai et al. 1994; Feitelson 2004). We 
found no activation of c-myc expression in the non-tumorous liver lesions (FNH, SCC and 
LCC) among the human liver specimens. Amplification of the c-myc proto-oncogene has been 
implicated in the pathogenesis and progression of several human neoplastic diseases and 
c-myc amplification in HCC has been described as an unfavourable prognostic indicator (Al-
Qahtani et al. 2010; bou-Elella et al. 1996). 
Beta-catenin (nuclear-cytoplasmic)-stain was observed in HCC in the rat comparable to human 
HCC. Glutamine synthetase stained in all liver lesions with highest scores in HCC compared to 
the other lesions. This result is consistent with the human staining results for GS in the human 
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HCCs. In addition, the rat clear cell foci also stained relatively positive for this enzyme. HCA 
and eosinophilic foci stained much lower, whereas basophilic foci only showed very minor 
GS-staining. As was seen in the human liver samples, nuclear c-myc positive staining was only 
observed in the neoplastic lesions (HCC and HCA), also with higher score for the HCCs.
Pair-wise comparison within the human lesions and for the markers tested with HCC as 
reference, showed a significant difference in GS-staining between HCC and HCA (significance 
p < 0.05) with HCC showing a higher score for this immunohistochemical marker. This illustrates 
the increased expressions of this enzyme in the more poorly differentiated HCC. This was also 
occasionally observed by us during review within the HCC, with more poorly differentiated 
areas occasionally having higher GS-staining than the surrounding tumour tissue. Within the 
rat proliferative liver lesions, significant differences were seen for basophilic and eosinophilic 
foci for glutamine synthetase (p < 0.05), when compared to HCC. Clear cell foci were most 
closely associated with HCC for GS-staining and no significant difference was found for this 
staining between these lesions. This suggests that clear cell foci have a more closer association 
with rat HCC than both basophilic and eosinophilic foci with regard to glutamine synthetase 
staining. This in contrast to human LCC and SCC which seem to be more closely related for the 
GS staining with human HCC.
Nevertheless, pair-wise comparison of huHCC/ratHCC, huHCA/ratHCA, huLCC/ratEF and 
huSCC/ratBF did not show significant differences for the three markers investigated for HCCs 
and HCAs. Significant difference, however, were noted for glutamine synthetase staining 
between huSCC and rBF as well as between huLCC and rEF (significance; p < 0.05). Despite there 
morphological similarities, they express different ezyme profiles for glutamine synthetase. At 
the same time, similar staining characteristics were seen between human and rat neoplastic 
lesions (HCC and HCA) for both glutamine synthetase and c-myc with only slightly higher 
expression for both glutamine synthetase and c-myc for human HCC compared to rat HCCs.

Understanding the molecular signaling pathways in hepatocarcinogenesis would be useful 
not only in understanding the mechanism involved, but also for discovering more effective 
therapeuric options for HCC patients (Tatsuo et al. 2012). As pathology encompasses the 
end-point of many molecular pathways as expressed by changes in cellular metabolism in 
(preneoplastic) cells, many molecular pathways involved are merely a reflection of these 
events as detected by changes in the morphology of these cells. Metabolic changes have 
been studied and described in hepatic precursor cells of hepatocellular carcinomas in both 
human and rodents (Bannasch et al. 1985; Bannasch et al. 1989; Carrasco-Legleu et al. 2004; 
Czeczot et al. 2006; Dang 2010; Fofana et al. 2010). Aberrations in carbohydrate metabolism 
are particularly prominent and might be causally related to the neoplastic transformation 
of the hepatocytes. Glucose exerts powerful effects on hepatocyte gene transcription by 
mechanisms that are incompletely understood (Collier et al. 2003). In addition, metabolic 
changes could be associated with changes of glutathione level and activities of GSH-
dependent enzymes in liver tissue. Accordingly, GSH and enzymes cooperating with it are 
important factors in the process of liver diseases development. 
It is known that cancer cells comprising largely of carbon, hydrogen, oxygen, phosphorus, 
nitrogen and sulfur requires not only glucose, which is transported and converted to lactate 
by aerobic glycolysis or the Warburg effect, but also glutamine as a major substrate. Glutamine 
and essential amino acids, such as methionine, provide energy as well as nitrogen, sulfur and 
carbon skeletons for growing and proliferating cancer cells. The interplay between utilization 
of glutamine and glucose is likely to depend on the genetic make-up of a cancer cell. Cancer 
cells that have elevated glutamine synthetase can use glutamate and ammonia to synthesize 
glutamine and are hence not addicted to glutamine (Dang 2010; Haussinger and Schliess 2007). 
As such, cancer cells have many degrees of freedom for re-programming cell metabolism, 
which with better understanding will result in novel therapeutic approaches. This would also 
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favor overall survival of hepatic cancer cells showing higher glutamine synthetase activity 
which can be observed in both human and rat hepatocellular carcinomas and adenomas. 
C-myc, which stained positive for HCC and HCA of the liver in both species, can influence 
glucose metabolism of cells by increasing glycolytic enzyme gene transcription while 
concomitantly decreasing gluconeogenic and ketogenic enzyme gene expression (Collier et 
al. 2003). This also illustrates the change in metabolism on the carbohydrate metabolism of 
cells which gained carcinogenic potential.
In the beginning of the 19th century the pathologist Virchow, apart from his famous “omnis 
cellula e cellula”, stated already that diseases in man can be explained by diseases of cells, 
from “organ-based disease” to “cell-based disease” (van den Tweel and Taylor 2010). Current 
knowledge also refer to aberrant metabolic changes in man such as obesity, metabolic 
syndrome and genetic metabolic disorders and their association with different types of 
cancer. Moreover, obesity hase been associated increased risk of cancer of the breast, 
colon, endometrium, esophagus, protate and liver (Pitot 2002) or changes in carbohydrate 
metabolism such as diabetis mellitus type II and glycogenosis with associated increased 
prevalence of HCC (Aleem et al. 2011; Bannasch 2010; Resnick et al. 1995). 
 
The changes observed in pre-neoplastic cells in this investigation might be a reflection of their 
metabolic changes due to changes in their microenvironment with, in human, impairment 
of sufficient blood flow as is apparent in the cirrhotic liver where blood flow is impaired and 
the ability of the liver to detoxify exogenous carcinogens or endogenous metabolites is 
compromised, thus increasing the chance of carcinogenesis (Yuan-W Chen and Jian-G Fan 
2012). Aberrations in metabolic changes with reference to the pre-neoplastic nature has been 
described by others and indicated to be causally related to neoplastic formation (Aleem et al. 
2011; Bannasch et al. 1989; Bannasch 2010; Enzmann et al. 1992; Qin and Bannasch 2003).
The results on the human liver lesions investigated here, illustrate this change in metabolism 
by the association of these group of dysplastic cells by increased GS-staining with HCCs 
compared to normal liver. This increased GS-staining was also observed in rat HCCs and HCAs. 
However, in the rat, the eosinophilic and basophilic foci did not show relevant GS-staining as 
compared to HCC and there was significantly different staining for this enzyme with HCC 
showing more prominent GS-staining. So, despite the morphological similarities of rEFs and 
rBFs with huLCC and huSCC, respectively (Thoolen et al. 2012), they were clearly different 
from HCC with regard to GS-staining. However, clear cell foci were more closely related to 
HCCs in the rat for GS-staining. The association between these clear cell foci with HCC has 
been stated by others in the past and these presumptive preneoplastic foci of these altered 
hepatocytes regularly precede HCC in various species and glycogen storage focus or clear cell 
focus, shows an excess of glycogen in the cytoplasm. During progression from clear cell focus 
to HCC, the stored glycogen is gradually reduced (Bannasch 2010; Qin and Bannasch 2003).

In summary, for the IHC-markers tested, there was a good correlation between the staining 
pattern of HCC and HCA in both rat and human for c-myc, GS and beta-catenin, except for 
rat HCA that did not show muclear/cytoplasmic beta-catenin staining. None of the non-
neoplastic lesions (FNH, LCC, SCC, EF, BF and CF) showed c-myc or beta-catenin positivity. 
Similarity in GS staining between human/rat HCC and human/rat HCA was evident for both 
species. However, within the human liver lesions studied, human HCC showed comparative 
GS-staining both with hLCC and hSCCs illustrating the possible pre-neoplastic nature of these 
dysplastic foci. In rat, HCC did not show such correlation with rEF and rBF for GS-staining as 
the GS-staining was significantly different. In contrast, the clear cell foci did show comparable 
scoring for GS compared to HCC. None of the non-neoplastic lesions (FNH, LCC,SCC, EF,BF 
and CF) showed c-myc or beta-catenin positivity, as expected for these non-neoplastic lesions.
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Comparative investigations of proliferative (precancerous) liver lesions of both man and 
animals may contribute to the insight of the overall common characteristics and pathogenic 
pathways of tumour formation in both species irrespective of whether this is elicited by 
chemicals, hormones, viruses or radiation. The detection of phenotypically similar foci 
of cellular alteration in various animal models and in humans prone to develop or bearing 
hepatocellular carcinomas favors the extrapolation from data obtained in animals to humans 
(Bannasch 2003). This provides new insights into the early events in liver tumour formation 
and highlights the importance of understanding the pathogenesis and molecular pathways 
that can lead to improvement in treatment of unresectable HCC. Detection of precursor lesions 
of HCC is important in recognizing patients with higher risk of developing HCC, and diagnosis 
of early HCC can improve patient survival by allowing for early and adequate treatment. For 
the toxicologic pathologist involved in safety evaluation, changes in the appearance of pre-
neoplastic hepatocytes might be a warning sign in the precancerous evaluation of either 
spontaneous or drug-induced pathological liver changes.



Figure 1 A-B: Human FNH (Fig A; H & E) with classical “map-like” staining of glutamine synthetase (GS). (Fig B; GS). 
Scale bar = 235 μm. Figure 2 A-B: Human HCC (Fig A; H & E). Sample also showed strong diffuse positive CD34-
staining of vascular associated tissue within the tumor and focal betacatenin staining (not shown here). Highly 
differentiated tumor with trabecular growth pattern. Diffuse GS-staining of tumor (Fig B; GS). Scale bar = 500 μm. 
Figure 2 C-D: Rat HCC (Fig A; H & E). Trabecular tumor with infiltrative growth pattern and poor margin between 
tumor and normal pre-existing liver tissue. Diffuse GS-staining of the tumor cells. Positive GS-staining tumor cells 
at the top infiltrating into the normal tissue (Fig B; GS). Scale bar = 200 μm. 



Figure 3 A-B: Human HCC (Fig A; H & E). Tumor with cells showing high nuclear staining for C-myc (insert) (Fig B; 
C-myc). Scale bar = 100 μm. Figure 3 C-D: Rat HCC (Fig A; H & E). Trabecular tumor with diffuse C-myc staining 
(right upper quadrant) with unstained pre-existing liver parenchyma (lower left quadrant) (Fig B; C-myc). Scale bar 
= 333 μm. Figure 4 A-B: Human LCC (Fig A; H & E) with strong diffuse glutamine synthetase positivity of cell with 
the focus of large cell change (Fig B; GS). Scale bar = 90 μm.



Figure 5 A-B: Human SCC (Fig A; H & E). Liver with combined dysplastic nodules with SCCs and LCCs with more 
prominent GS staining of LCCs. Also prominent staining at periphery of some dysplastic nodules for GS with few 
large clear cell hepatocytes (clear cell change). Areas of SCC with positive GS-staining (Fig B; GS). Scale bar = 83 
μm. Figure 6 A-B: Rat CF (Fig A; H & E). Clear cell focus. Glutamine synthetase postive staining of cells within the 
focus (Fig B; GS). Scale bar = 50 μm. Figure 7: Human SCC (Fig A; GpC-3). Glypican-3 stain of focus with small cell 
change. In this liver sample, few Glypican-3 positive areas were present within noduli with small cell change. Scale 
bar = 50 μm. Figure 8:  Human SCC (Fig A; A-FP). Focal alpha-fetoprotein stain of focus with small cell change. Scale 
bar = 56 μm.



Figure 9 A-B: Rat HCA (Fig A; H & E). Hepatocellular adenoma of female rat. Multiple adenomas were present 
within the liver.  Glutamine synthetase positive staining of tumor demarcating from the normal liver tissue with 
normal background multifocal positive perivenular GS-staining (Fig B; GS). Scale bar = 400 μm. Figure 10 A-B: Rat 
HCA (Fig A; H & E). Small rounded tumor (right) with pre-existing liver present (left half). Only tumor with C-myc 
positive staining (Fig B; C-myc). Scale bar = 166 μm.
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Summary and future perspectives

The liver is a major target tissue in safety assessment of prechronic and oncogenicity rodent 
studies. Well-defined and standardized diagnostic criteria and nomenclature are essential to 
clearly describe potential effects of xenobiotics on the liver.
This dissertation is build up of two main parts: firstly, the creation of the harmonization of liver 
nomenclature including the discussion of other aspects of the liver (anatomy, topography, 
species differences in anatomy, physiology, grading and others) and, secondly comparative 
investigations of rat and human preneoplastic and neoplastic hepatocellular lesions. 

Part I 
For harmonization of liver diagnostic nomenclature, the establishment of an international 
nomenclature is essential. In Chapters 2 to 5, such system is presented in the first part of 
this thesis which was created with the feedback of toxicologic pathologists world-wide and 
monitored by the INHAND committee. The INHAND is a joint initiative between Societies from 
United States (STP), Great Britain (BSTP), Japan (JSTP) and Europe (ESTP). In this document, all 
pathological aspects of the rodent liver were investigated with regard to terminology and the 
establishment of differential diagnoses in both non-proliferative as well as proliferative lesions 
of rodents. Some classical examples are presented in the form of microphotographs at the end 
of Part I of this thesis. This system forms the basic framework to be used for the description of 
both non-neoplastic and neoplastic lesions in both rat and mice on a global basis.
In Chapter 6, various aspects of grading of pathological lesions are discussed. The lack of any 
requirement or guidelines on the use of grading in toxicologic pathology can result in difficulty 
in a clear understanding of the pathology reports, especially if read by non-pathologists. It 
is recommended that grading systems used should be 1) definable, 2) reproducible and 3) 
meaningful. The final criteria for proper grading and pathology reporting should ultimately 
be at the discretion of the study pathologist. As long as documentation of which criteria 
were used is established, and that grading is used consistently, one would think that this 
documentation might be sufficient to enable regulators to appreciate and clearly understand 
the main findings in the report.

Part II
The significance of hepatic neoplastic findings in animal models has been questioned with 
regard to their predictive value, as humans appear resistant to many agents that readily 
produce liver tumours in rodents. As toxicity of the liver is reported to be the second most 
frequent cause of drug failure due to adverse effects in clinical trials of potential drugs, the 
early detection and interpretation of proliferative lesions as well as non-proliferative hepatic 
lesions is of vital importance. One of the safety issues after long-term administration of a 
xenobiotic is carcinogenicity assessment, and both early and late proliferative liver lesions 
might be indicative of potential hepatocarcinogenesis or carcinogenesis at other sites in 
humans. The human and rat cases selected for this comparative review and investigations 
were all morphologically consistent with descriptive features in texts and the peer reviewed 
literature using the most common and contemporary diagnostic criteria for both human and 
rat hepatic lesions.
Cytological features of liver cell dysplasia can strikingly mimic hepatocellular carcinoma 
(HCC) suggesting it is a putative preneoplastic lesion that can precede HCC in various species. 
The precancerous nature of these dysplastic lesions (large cell change (LCC) and small cell 
change (SCC)), with regard to progression to HCC is somewhat controversial, but some claim 
that either one or both of them have been associated with development of HCC. In rats, foci 
of cellular alteration (FCAs: eosinophilic, basophilic and clear cell foci) have likewise been 
designated to play a precursor role in the process of hepatocarcinogenesis as they represent 
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a localized proliferation of hepatocytes that are phenotypically different from the surrounding 
liver. These FCAs occur spontaneously in aged rats and other rodents and can be induced by 
chemical treatment. These foci have been described in a number of animal models and are 
considered as precursor lesions of HCC, but controversy still remains.
In this second part, comparative proliferative neoplastic (hepatocellular carcinomas/ hepa-
tocellular adenomas) and presumptive pre-neoplastic lesions in both rat (foci of cellular  
alteration) and humans (small cell change and large cell change) are initially compared using 
H. & E. slides and later with additional immunohistochemical markers that are most diag-
nostically useful in diagnosis of human hepatocellular carcinomas. In addition, focal nodular 
hyperplasia a benign tumour in human liver was included as proliferative lesion for compara-
tive reasons.

In the comparative review of Chapter 7, histomorphological features of common non-neoplastic 
and neoplastic hepatocyte lesions of rats and humans are examined using H&E-stained slides. 
The morphological similarities and differences of both neoplastic (hepatocellular carcinoma 
and hepatocellular adenoma) and presumptive preneoplastic lesions (large and small cell 
change in humans and foci of cellular alteration in rats) are presented and discussed. There 
are major similarities in the diagnostic features, growth patterns and behaviour of both rat and 
human hepatocellular proliferative lesions and in the process of hepatocarcinogenesis. Further 
study of presumptive preneoplastic lesions in humans and rats should help to further define 
their role in progression to hepatocellular neoplasia in both species.
In Chapter 7, we identified comparable morphological features of human and rat hepato-
proliferative lesions, including hepatocellular carcinomas (HCC). The purpose of the pilot study 
as presented in Chapter 8 was to identify homologies and differences in immunohistochemical 
(IHC) protein expression between human and rat HCC. We investigated the comparative 
features of 6 immunohistochemical markers (beta-catenin, glutamine synthetase, Ki-67 and 
CD34, C-myc and TGF-α) previously shown to be positive or altered in rodent and human 
HCC. Glutamine synthetase was strongly positive in 5 human and 4 rats HCCs. CD34 and 
Ki-67 were consistently positive in 5 human HCCs but weakly positive in only 2 or 3 rat 
HCCs, respectively. In this pilot investigation, immunohistochemical markers tested on 
human and rat HCCs revealed immunopositive staining of some HCCs in both species. The 
most prominent correlation of cross-species immunopositivity was present for glutamine 
synthetase, CD34 and Ki-67. Beta-catenin and TGF-α immunopositivity was present for one 
or two rat HCCs, respectively, and both were negative for the 5 human HCCs. Our findings 
suggest that glutamine synthetase, CD34 and Ki-67 are most likely to be useful in studying 
precursor lesions involved in the pathogenesis of HCC in rats and humans.

In Chapter 9, comparative immunohistochemical (beta-catenin, glutamine synthetase and 
c-myc) results are presented of both rat and human hepatocellular proliferative lesions 
and their significance in hepatocarcinogenesis is discussed. Apart from the morphological 
similarities and differences of both neoplastic (hepatocellular carcinomas and adenomas) 
and presumptive pre-neoplastic lesions (foci of cellular alteration in rat and large and small 
cell change (liver cell dysplasia) respectively in humans, differences for the expression of GS-
staining between human versus rat pre-neoplastic lesions exist. There are great similarities 
in the glutamine synthetase staining patterns of both rat human hepatocellular neoplastic 
lesions (hepatocellular carcinoma and hepatocellular adenoma) and their role in the process 
of hepatocarcinogenesis as revealed by their staining patterns for the immunohistochemical 
markers. Moreover, human dysplastic lesions (large cell change and small cell change) as well 
as clear cell foci in the rat also show increased expression of glutamine synthetase suggesting 
metabolic changes of these hepatocytes predisposing them to gain carcinogenic potential in 
the process of hepatocarcinogenesis.
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Future perspectives

The result of our INHAND document provides a comprehensive standardized system that can 
be used world-wide by certified pathologists for consistent reporting of pathology findings in 
research or regulatory preclinical toxicity studies of chemicals and pharmaceuticals. 
In addition, comparative investigations of proliferative (precancerous) liver lesions of both 
man and animals may contribute to the insight of the overall common characteristics and 
pathogenic pathways of tumour formation with change in metabolism of tumour precursor 
cells in both species irrespective of whether elicited by chemicals, hormones, viruses or 
radiation. The detection of phenotypically similar foci of cellular alteration in various animal 
models and dysplastic lesions in humans prone to develop or bearing hepatocellular 
carcinomas favours the extrapolation from data obtained in animals to humans. Hepatocellular 
carcinoma is an aggressive tumour with high mortality rate and steadily increasing, especially 
in the developing countries. Research on presumptive precursor lesions of this tumour 
and comparative investigations on animal models by using immunohistochemistry (e.g. by 
using proliferation markers, growth factor (-receptors) markers), provides new insights into 
the early events in liver tumour formation and highlights the importance of understanding 
the pathogenesis and molecular pathways that can lead to improvement in treatment of 
unresectable HCC. Detection of precursor lesions of HCC is important in recognizing patients 
with higher risk of developing HCC, and diagnosis of early HCC can improve patient survival 
by allowing for early and adequate treatment.
For the toxicologic pathologist involved in the safety evaluation, changes in the appearance 
of pre-neoplastic hepatocytes might be a warning sign in the precancerous evaluation 
and describing either spontaneous or drug-induced pathological liver changes, using a 
standardized system for nomenclature, differential diagnosis and grading as presented in this 
thesis in Part I.
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Samenvatting
 
De lever is een belangrijk doelwit weefsel in de beoordeling van de veiligheid bij subchronische 
en carcinogeniteits studies in knaagdieren. Goed gedefinieerde en gestandaardiseerde 
diagnostische criteria en nomenclatuur zijn essentieel voor de beschrijving van potentiële 
effecten van xenobiotica op de lever.
Dit proefschrift is opgebouwd uit twee hoofdonderdelen: ten eerste, de samenstelling en 
harmonisatie van de lever nomenclatuur van knaagdieren, met inbegrip van een kort overzicht 
van andere aspecten van de lever (vergelijkende anatomie, topografie, fysiologie, gradering 
etc.) en, ten tweede vergelijkende onderzoeken bij rat en menselijke preneoplastische 
hepatocellulaire (voorstadia van leverkanker) en neoplastische hepatocellulaire (lever kanker) 
laesies (afwijkingen). 

Deel I 
Voor harmonisatie van diagnostische nomenclatuur van leverafwijkingen is de totstandkoming 
van een internationale nomenclatuur essentieel. In de Hoofdstukken 2 tot en met 5, wordt in 
het eerste deel van dit proefschrift, een dergelijk systeem gepresenteerd, welke tot stand 
is gekomen met behulp van de feedback van toxicologische pathologen wereldwijd en 
gecontroleerd door de Commissie INHAND. De INHAND is een gezamenlijk initiatief tussen 
organisaties uit Verenigde Staten (STP), Groot-Brittannië (BSTP), Japan (JSTP) en Europa 
(ESTP). In dit document, worden alle pathologische aspecten van de lever van knaagdieren 
onderzocht met betrekking tot terminologie en de beschrijving van differentiële diagnoses 
van zowel niet-proliferatieve als proliferatieve lever laesies in knaagdieren. Enkele klassieke 
voorbeelden worden gepresenteerd in de vorm van foto’s aan het einde van deel I van dit 
proefschrift. Dit systeem vormt het fundamentele kader welke kan worden gebruikt voor de 
omschrijving van zowel niet-neoplastische als neoplastische leverlaesies, in zowel rat als muis 
en op mondiaal niveau.
In Hoofdstuk 6, worden diverse aspecten van gradering van pathologische laesies besproken. 
Het ontbreken van elke eis of richtlijnen voor het gebruik van gradering met betrekking tot 
de ernst van afwijkingen binnen de toxicologische pathologie, kan een duidelijk begrip 
van pathologie verslagen bemoeilijken, vooral wanneer deze worden gelezen door niet 
pathologen. Het is aanbevolen dat gradering systemen voldoen aan: 1) Een duidelijke 
omschrijving en definitie 2) Reproduceerbaarheid en 3) Zinvol moeten zijn. De definitieve 
criteria voor de juiste indeling en pathologie rapportage ligt uiteindelijk bij de beoordeling en 
discretie van de studie patholoog. Zolang documentatie van die criteria worden beschreven, 
en die consequent wordt gebruikt, zou men denken dat deze documentatie mogelijk 
voldoende is om regelgevers te overtuigen en de belangrijkste bevindingen uit de pathologie 
verslagen duidelijk te communiceren op een consistente manier. 

Deel II
De betekenis van hepatische neoplastische bevindingen in diermodellen heeft men bedis-
cussieerd met betrekking tot hun voorspellende waarde, daar mensen resistent worden geacht 
tegen de werking van xenobiotica die gemakkelijk levertumoren in knaagdieren produceren. 
Daar toxiciteit van de lever gemeld wordt als tweede meest voorkomende oorzaak van het 
falen van medicijnontwikkeling als gevolg van ongunstige effecten in klinische proeven van 
potentiële drugs, is de vroegtijdige opsporing en de interpretatie van proliferatieve laesies, 
evenals niet-proliferatieve leverafwijkingen van vitaal belang. Een van de veiligheidsproble-
men na chronische toediening van een xenobioticum op carcinogeniteit beoordeling is, dat 
zowel vroege als late proliferatieve leverlaesies indicatief kunnen zijn voor mogelijke hepa-
tocarcinogenese of carcinogenese op andere organen bij de mens. De voor mens en rat  
geselecteerde gevallen voor deze vergelijkende beoordeling en onderzoeken, voldoen allen 
aan de meest voorkomende en hedendaagse diagnostische criteria. Cytologische kenmerken 
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van levercel dysplasie vertonen opvallende gelijkenis met die van het hepatocellulaire car-
cinoom (HCC), welke suggereren dat deze mogelijke preneoplastische laesies voorafgaan 
aan de ontwikkeling van het HCC in verschillende diersoorten. De pre-neoplastische aard van 
deze dysplastische laesies (Large Cell Change (grootcellige dysplastische foci) en Small Cell 
Change (kleincellige dysplastische foci), met betrekking tot de progressie naar HCC is enig-
szins controversieel, maar sommigen beweren dat één of beiden van hen geassocieerd zijn 
met de ontwikkeling van HCC. Bij ratten blijken foci van cellulaire wijziging (Foci of Cellular 
Alteration (FCAs): eosinofiele, basofiele en heldercellige foci) ook een rol te kunnen spelen als 
voorloper in het proces van hepatocarcinogenese aangezien zij ook een groep van hepato-
cyten (levercellen/leverparenchym) vertegenwoordigen met een gelokaliseerde verspreiding, 
die fenotypische afwijken van het omliggend leverweefsel. Deze FCAs treden spontaan op 
in oudere ratten en andere knaagdieren en kunnen worden veroorzaakt door chemische be-
handeling. Deze foci zijn beschreven in een aantal diermodellen en worden beschouwd als 
voorloper laesies van HCC, maar controverse blijft.
In dit tweede deel van het voorliggend werk, concentreerden we ons op vergelijkende pro-
liferatieve neoplastische (hepatocellulaire carcinomen/hepatocellulaire adenomas) en ver-
moedelijke pre-neoplastic laesies in zowel rat (foci van cellulaire wijziging) als mens (kleincel-
lige en grootcellige dysplastische foci). Deze zijn in eerste instantie vergeleken met behulp 
van H. & E. -coupes en immunohistochemische markeringen welke meest diagnostisch nuttig 
zijn bij de diagnose van menselijke hepatocellulaire carcinomen. Tevens werd focale nodulaire 
hyperplasie, een goedaardige tumor en als proliferatieve laesie van de lever, opgenomen in 
het vergelijkend onderzoek.
 
In de vergelijkende evaluatie van Hoofdstuk 7, werden histomorphologische kenmerken van 
gemeenschappelijke niet-neoplastische en neoplastische hepatocyten laesies van ratten en 
mensen onderzocht met behulp van standaard H & E gekleurde coupes. De morfologische 
overeenkomsten en verschillen van beide neoplastische (hepatocellulaire carcinoom en 
hepatocellulaire adenoom) en vermoedelijke preneoplastic laesies (grootcellige en kleincellige 
dysplastische foci bij de mens en foci van cellulaire wijziging in ratten) worden gepresenteerd 
en besproken. Er zijn grote gelijkenissen in de diagnostische kenmerken, groeipatronen en het 
gedrag van zowel ratten als menselijke hepatocellulaire proliferatieve laesies en in het proces 
van hepatocarcinogenese. Verdere studie van vermoedelijk preneoplastische laesies in mens 
en rat kunnen helpen om hun rol in de progressie naar hepatocellulaire neoplasie in beide 
soorten nader te definiëren.
In hoofdstuk 7 hebben we vergelijkbare morfologische kenmerken hepatoproliferative 
laesies vastgesteld bij mens en rat, met inbegrip van hepatocellulaire carcinomen. Het doel 
van de pilotstudie zoals gepresenteerd in Hoofdstuk 8, was om homologieën en verschillen 
in immunohistochemische eiwit expressie tussen mens en rat HCC te identificeren. We 
onderzochten de vergelijkende kenmerken van 6 immunohistochemische markeringen (beta- 
catenine, glutamine synthetase, Ki-67 en CD34, c-myc en TGF-α) eerder aangetoond als 
positieve of gewijzigde markers in hepatocellulaire carcinomas van mens en knaagdieren. 
Glutamine synthetase was sterk positief in 5 menselijke en 4 ratten HCCs. CD34 en Ki-67 waren 
consequent positief in 5 menselijke HCCs maar zwak positief in respectievelijk slechts 2 of 3 
ratten HCCs. In dit pilot onderzoek, werden immunohistochemische markers getest op mensen 
en ratten HCCs en vertoonden immunopositieve kleuringen van HCCs in beide soorten. De 
meest prominente correlatie van kruis-reactiviteit in de immunohistochemie was aanwezig 
voor glutamine synthetase, CD34 en Ki-67. Beta-catenine en TGF-α immunopositiviteit was 
aanwezig voor respectievelijk één of twee ratten HCCs, en waren allebei negatief voor de 
5 menselijke HCCs. Onze bevindingen geven aan dat glutamine synthetase, CD34 en Ki-67 
waarschijnlijk nuttig zijn bij het bestuderen van voorloper laesies die betrokken zijn bij de 
pathogenese van HCC bij ratten en mensen.
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In Hoofdstuk 9, worden vergelijkende immunohistochemische (betacatenin, glutamine 
synthetase en c-myc) resultaten gepresenteerd van hepatocellulaire proliferatieve laesies bij 
zowel mens als rat, en hun betekenis in hepatocarcinogenese wordt besproken. Afgezien van 
de morfologische overeenkomsten en verschillen van beide neoplastische (hepatocellulaire 
carcinomen en adenomas) en vermoedelijke pre-neoplastische laesies -foci van cellulaire 
wijziging in rat en grootcellige en kleincellige dysplastische foci respectievelijk bij de mens-, zijn 
er verschillen aangetoond tussen mens en rat bij deze pre-neoplastische laesies in de expressie 
van de GS-kleuringen. Echter, er zijn grote gelijkenissen in de glutamine synthetase patronen 
voor zowel menselijke als ratten hepatocellulaire neoplastische laesies (hepatocellulaire 
carcinoom en hepatocellulair adenoom) en hun rol in het proces van hepatocarcinogenese, 
zoals geopenbaard door hun aankleuringen met de geteste immunohistochemische markers 
(beta-catenin, glutamine synthetase en c-myc). Bovendien, menselijke dysplastische laesies 
(grootcellig en kleincellig), evenals heldercellige foci in de rat, tonen tevens een verhoogde 
expressie van glutamine synthetase zoals bij HCC het geval is, en suggereren metabole 
veranderingen van deze hepatocyten die hen predisponeren bij de ontwikkeling van het 
hepatocellulair carcinoom. 

Toekomstperspectieven
Het resultaat van het INHAND document zoals aangeboden in voorliggend werk, biedt 
een uitgebreid gestandaardiseerd systeem dat wereldwijd gebruikt kan worden door 
gecertificeerde pathologen voor consistente rapportage van pathologie bevindingen in het 
onderzoek of regelgevende preklinische toxiciteitsstudies van chemicaliën en te ontwikkelen 
geneesmiddelen. 
Bovendien, vergelijkende onderzoeken van proliferatieve (voorstadia) lever laesies van zowel 
mens als dier zoals onder andere hier vermeldt in deel II kunnen bijdragen tot het inzicht 
van algemeen gemeenschappelijke kenmerken en pathogene trajecten van tumorvorming 
van de lever in beide soorten, met verandering in het metabolisme in voorlopers van 
tumorcellen, ongeacht of deze zijn ontlokt door chemische stoffen, hormonen, virussen 
of straling. Het opsporen van fenotypische soortgelijke dysplastische foci van cellulaire 
wijziging in verschillende diermodellen en in mensen, welke geneigd zijn zich te ontwikkelen 
tot hepatocellulaire carcinomen, pleit voor de extrapolatie van gegevens die worden 
verkregen uit diermodellen naar de mens. Hepatocellulair carcinoom is een agressieve 
tumor met hoge mortaliteit en met een gestaag toenemende prevalentie, voornamelijk 
in de ontwikkelingslanden. Onderzoek naar de vermoedelijke voorloper laesies van het 
hepatocellulair carcinoom en vergelijkende onderzoeken op dierlijke modellen met behulp 
van immunohistochemie (bijvoorbeeld op proliferatie markers, groeifactor (-receptoren)), 
biedt nieuwe inzichten in de vroege gebeurtenissen in lever tumorvorming en benadrukt 
het belang van inzicht in de pathogenese en moleculaire trajecten die tot verbetering van 
de behandeling van het irresecabele HCC kunnen leiden. Detectie van voorloper laesies van 
HCC is belangrijk bij het herkennen van patiënten met een hoger risico voor het ontwikkelen 
van HCC, en vroege diagnose van vroege HCC kan bijdragen aan de patiënt overleving door 
vroege en adequate behandeling.
Voor de toxicologisch patholoog die betrokken is bij de veiligheidsevaluatie van preklinische 
screening van te ontwikkelen geneesmiddelen is dit tevens van belang. Veranderingen in het 
uiterlijk van (pre-neoplastische) hepatocyten kunnen mogelijk een waarschuwing zijn in de 
voorstadia evaluatie van hepatocellulair carcinoom en bij het beschrijven van spontane of drug-
geïnduceerde pathologische lever veranderingen, welke dienen te worden gedocumenteerd 
met behulp van een gestandaardiseerd systeem voor nomenclatuur, met inachtneming van 
de differentiaal diagnoses en gradering zoals onder andere gepresenteerd in deze thesis in 
deel I.
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