
INTRODUCTION

Primary hepatic neoplasms are usually composed of 

hepatocytes, biliary epithelial cells, endothelial cells, or 

a combination of these with various mesenchymal cells, 

and typically arise in older animals (Chege et al, 2015). 

The primary hepatic neoplasms are generally classified 

as cholangiocarcinoma (CC), hepatocellular adenoma, 

and hepatocellular carcinoma (HCC) (Goodman, 2007). 

The CC is a primary adenocarcinoma arising from bili-

ary tracts and considered as the second most frequent 

primary hepatic neoplasm. The hepatocellular adeno-

ma, a benign tumor, is uncommon but appears solid, 

and presumable epithelial origin that usually develops 

in a healthy liver. Meanwhile, the HCC is the most fre-

quent form of primary hepatic neoplasm (Goodman, 

2007). It is commonly composed of tumor cells that 

resemble hepatocytes, and consists of a single variable 

mass that develops and replaces the parenchyma (Chege 

et al, 2015). The histological diagnosis of the HCC poses 

many challenges particularly due to its heterogeneity, 

and the difficulty to confirm a differential diagnosis in 

some instances (Quaglia, 2018). 

Hepatic neoplasms have been frequently reported in 

captive wild animals, including Polar bear (Ursus mari-

timus), Malayan sun bear (U. malayanus), Sloth bear (U. 

ursinus), Eurasian badger (Meles meles), and antelopes, 

as a form of HCCs (Hellman et al, 1991; Pettan-Brewer 

and Lowenstine, 1999; Wilson et al, 2007; Matsuda et al, 

2010; Salguero et al, 2010). In domestic animals, hepatic 

neoplasms were mostly described in dogs, but other an-

imals including cattle, cats, sheep, pigs and horses have 

also been reported (Jeong et al, 2005; Cullen and Popp, 

2016; Mathewos, 2021). 

The gross morphology of HCCs are described as mas-

sive, nodular, or sometimes diffuse. Massive HCCs are 

usually presented as a single neoplasm that involves 

one or contiguous liver lobes, and nodular HCCs forms 
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scattered nodules, often within multiple liver lobes. In 

contrast, diffuse HCCs are characterized by indistinct 

masses spread throughout the liver parenchyma (Cullen 

and Pop, 2016). 

Histologically, HCCs are characterized by pleomor-

phic hepatocytes that can form trabeculae, pseudoglan-

dular (acinar), or solid sheets of cells (Cullen and Pop, 

2016). The small pseudoglandular pattern may resemble 

“cholestatic rosettes”. Meanwhile, the large pattern is 

composed of dilated acinar formation with layer of tu-

mor cells as well as fluid content (Matsuda et al, 2010). 

Mostly, classic HCCs grow in a trabecular pattern, rather 

pseudoglandular growth is rare (Schlageter et al, 2014). 

CASE

A captive male polar bear, which was raised in a 

free-range fenced housing to facilitate monitoring, was 

found dead after a long-term anorexia at a Park Zoo 

in Republic of Korea. At necropsy, the prominent le-

sion in the abdominal cavity was shown as the excess 

accumulation of serosanguinous fluid, implying ascites. 

Subcutaneous fat and fat around renal capsule were 

significantly reduced, indicating cachexia which might 

occurred by several factors including tumor cells behav-

ing as metabolic parasites to promote their growth and 

survival. These cells lead to excessive ATP production 

as a result of increased anaerobic metabolism, which 

converts the glucose to lactate 10 times higher than 

normal cells. As a consequence, this negative energy 

balance causes progressive weight loss due to a waste-

ful form of energy production (Martinez-Outschoorn et 

al, 2011). Hepatomegaly carrying a big mass, 26×16×12 

cm in size, and empty gall bladder was observed (Fig. 1). 

Multiple small nodules of various sizes were dispersed 

in the liver parenchyma. The cut surface was revealed 

to be creamy white in firm consistency.

Tissue samples from tumor nodules and representa-

tive tissue specimens were collected, fixed in 10% (w/v) 

neutral buffered formalin, routinely processed, and em-

bedded in paraffin. The serial sections at 3∼5 mm were 

used for haematoxylin and eosin (H&E) staining and im-

munohistochemistry (IHC). Immunohistochemical (IHC) 

analyses were performed as previously described (Oh et 

al, 2016), using six primary antibodies: anti-hepatocyte 

paraffin-1 (Hep Par 1, Dakocytomation, Glostrup, Den-

mark), anti-cytokeratin 7 (CK7, Dako), anti-cytokeratin 

19 (CK19, Dako), anti-vimentin (Santa Cruz Biotechnol-

ogy, CA, USA), anti-alpha-fetoprotein (AFP, Dako), and 

anti-carcinoembryonic antigen (CEA, Dako). Briefly, 

sections were deparaffinized with xylene and dehy-

drated through gradient ethanol into water. Antigen 

retrieval was achieved by proteinase K (Invitrogen, MA, 

USA) for 25 min at 37℃. The endogenous peroxidase 

was blocked by quenching in 0.3% hydrogen peroxide 

solution for 10 min before incubation with primary 

antibody at 4℃ overnight, followed by biotinylated sec-

ondary antibody for 30 min at room temperature. Then, 

the VECTASTAIN® Universal ABC kit (Vector, CA, USA) 

was employed for 30 min. Peroxidase activity was elic-

ited by 3,3’-diaminobenzidine (DAB, Vector, CA, USA), 

and counterstained with Mayer’s hematoxylin (Dako). 

The negative control was applied by using normal se-

rum instead of primary antibody. Each antibody-treated 

slide had a corresponding mock-treated slide. 

Fig. 1. Liver. Polar bear. Abnormal enlargement carrying a big mass 
(asterisk) with diffuse multiple nodules in varying sizes (arrows) 
on the liver.
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Upon histological examination, nodules in liver were 

composed of acini lined by the proliferation of neo-

plastic hepatocyte with round to oval nuclei. Very few 

mitotic figures were viewed (Fig. 2A). The acini are 

formed by dilatation of bile canalicular-like structures 

developed by tumor cells and often contain protein-

aceous material. The acinar pattern was shown moder-

ate nuclear pleomorphism and prominent endothelial 

wrapping around tumor cell nests (Fig. 2B). The histo-

morphological characteristics of the tumor were highly 

reflective of HCC with pseudoglandular pattern as pre-

viously described (Head et al, 2003; Heier et al, 2003; 

Matsuda et al, 2010).

Hep Par 1 is a component of hepatocellular mito-

chondria and is expressed in normal and neoplastic 

hepatocytes with diffuse cytoplasmic granular staining 

patterns (Matsuda et al, 2010). Hep Par 1 was detected 

in approximately 90% of HCC cases in humans, which 

makes it a suitable marker for this neoplasm (Good-

man, 2007). Also, this marker has a sensitivity to react-

ing with neoplastic and non-neoplastic hepatocytes in 

polar and brown bears (Heier et al, 2003; Matsuda et al, 

2010). Additionally, AFP is a fetal-specific glycoprotein 

that is normally produced by the fetal yolk sac, liver, 

and gastrointestinal tract (Zhang et al, 2020). In human, 

AFP levels is repressed during adult life. However, this 

glycoprotein is reactivated in more than 70% of HCC 

cases and is considered as the most valuable marker 

for this tumor (Zhou et al, 2006). This specific marker 

is also observed in brown bear (Matsuda et al, 2010). 

Nevertheless, some reports described the insensitivity of 

this protein in canine and human HCC (Chu et al, 2002). 

In this case, the tumor cells were positive for Hep Par 1 

(Fig. 3) in both cytoplasm and nucleus. 

Fig. 2. Liver. Polar bear. (A) Acini (gland-like spaces) lined by the proliferation of hepatocyte neoplastic cells with round to oval nuclei. 
Very few mitotic figures were viewed. (B) The acini are formed by dilatation of bile canalicular-like structures developed by the tumor 
cells and often contain proteinaceous material. H&E stain. Scale bar=200 µm.

Fig. 3. Liver. Polar bear. Nuclear and cytoplasmic immunore-
activity for hepatocyte paraffin 1 (Hep Par 1). DAB chromogen, 
hematoxylin counterstain. Scale bar=100 mm.
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DISCUSSION

To the authors’ knowledge, this is the first report of 

HCC in a captive polar bear in Republic of Korea de-

spite the cause of neoplasm remains unknown. Vari-

ous etiologic factors for hepatic neoplasms in animals 

have been discussed. Parasites such as Clonorchis 

and Opisthrochis flukes, and diets contaminated with 

heavy and prolonged exposure to hepatic carcinogen, 

aflatoxin, may cause animal hepatic tumors (Mat-

suda et al, 2010). Moreover, a genetic component has 

been proposed to explain the high incidence of liver 

neoplasms in bears (Petan-Brewwer and Lowenstine, 

1999). Additionally, hepatic stellate cells in polar bears 

are perceived to have comparatively high vitamin A-

storing capacity. Metabolites of vitamin A are known to 

profoundly effect a wide variety of biological actions 

including cell proliferation, differentiation, morphogen-

esis, and tumorigenesis (Senoo et al, 2012). Vitamin A-

related hepatic carcinogenesis was reported in human 

case, as well as in polar bears (Heier et al, 2003). Hence, 

an imbalance of vitamin A in polar bears’ diet will most 

likely give rise to health issues for the animals. In con-

clusions, an elderly polar bear in captivity was found 

dead at a zoo, and the cause of death was determined 

to be HCC. Although it is difficult to elucidate the etiol-

ogy of senile malignant tumors, the relationship with 

vitamin A, which has been mentioned in the literature, 

cannot be excluded. 
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