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Abstract. The aim of this study was to characterize 
hepatocarcinogenesis in diethylnitrosamine (DEN)-treated 
hamsters. Syrian golden hamsters (n=36) were administered 
DEN by hypodermic injection and addition to drinking 
water. Morphological analyses, including light microscopy 
and immunohistochemistry of α-fetal protein (AFP), were 
performed on liver and lung tissues. Primary cell culture and 
tumor transplantation were carried out to evaluate the poten-
tial application in hepatocellular carcinoma (HCC) research. 
From 25 to 50 weeks of treatment, liver tumors, including 
macronodular HCC and ascites, were found in one-third (4/12) 
of the animals treated with DEN. HCC was characterized by 
poor differentiation, frequent mitosis, AFP reaction, vessel 
invasion and potential application in primary cell culture and 
xenotransplantation. Pre-neoplastic lesions were hyperplastic 
nodules comprised of clear cells, bile duct proliferation, fatty 
metamorphosis and multilocular cysts. The DEN-treated 
hamsters also showed lung tumors consisting of AFP-negative, 
well-differentiated neoplastic cells. Characterization of 
DEN-induced HCC in hamsters provides insights into human 
hepatocarcinogenesis. This animal model has potential appli-
cations in HCC research.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer and the third most common cause of cancer-related 
death in the world (1,2). The number of new HCC cases is 
estimated to be 564,000 per year, including 398,000 men and 
166,000 women (3). It accounts for 80% of all human liver 

cancers, and is responsible for 0.5-1 million worldwide deaths 
annually (4). The rising incidence and poor prognosis of HCC 
cases have prompted extensive research on its pathogenesis for 
a better understanding of HCC development.

Toxic industrial chemicals, air and water pollutants, food 
additives and fungal toxins are major sources of hepatocar-
cinogenesis (5). Although these agents have been suspected, 
the molecular pathogenesis of HCC remains unclear. As an 
established environmental hepatocarcinogen, diethylnitro-
samine (N-nitrosodiethylamine; DEN), which produces 
primary metabolic activation resulting in initiation of liver 
carcinogenesis (6) and formation of liver tumors after repeated 
administration, is normally used to induce liver cancer in 
several animal models (7,8). DEN-induced hepatocarcinoma 
in animals serves as a standard model to study the beneficial 
effects of many drugs and treatments on HCC (9,10). Prior 
studies have shown the histopathological similarities of human 
HCC and chemical-induced experimental liver tumors in 
Wistar rats and Syrian golden hamsters (11). The purpose of 
this study was to define the characterization of DEN-induced 
liver carcinogenesis in Syrian golden hamsters.

Materials and methods

Chemical reagents. DEN was purchased from Sigma 
(St. Louis, MO, USA) and freshly diluted in saline to a final 
concentration before use.

Animals. A total of 36 male Syrian hamsters (Slike 
Experimental Animal Company, Shanghai, China) at 3 weeks 
of age and weighing 75-100 g, were housed in accordance 
with the institutional guidelines for animal experimentation 
and maintained under standard laboratory conditions with 
a room temperature of 23±2˚C, relative humidity of 60±5% 
and a 12 h/12 h light/dark cycle. All animals were fed with a 
standard diet and water ad libitum.

The hamsters were divided into two groups. Hamsters 
(n=12) injected with normal saline and who drank distilled 
water were used as control. Model hamsters (n=24) received 
DEN. DEN was injected subcutaneously twice per week for 
15 weeks, followed by withdrawal and normal feeding at 
16-24 weeks. From 25 to 40 weeks, DEN was added to the 
drinking water with an initial concentration of 0.05 g/l at 
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26 weeks and a final concentration of 0.1 g/l until 40 weeks. 
Normal drinking resumed from 41 to 50 weeks (Fig. 1A). 
Two animals from each group were sacrificed at 15, 24 and 
45 weeks for histopathological examination. All hamsters 
were sacrificed by the end of 50 weeks (Fig. 1A).

Histopathological examination. Animals were weighed 
weekly during the treatment period and monthly thereafter. At 
the end of the 50th week, all surviving animals were sacrificed 
with 1% sodium pentobarbital. Liver, lung, spleen, kidney 
and heart were examined grossly and microscopically for 
DEN-induced tumorigenicity. The organs were fixed in 10% 
phosphate-buffered formalin and processed for histological 
examination with H&E staining. H&E-stained sections from 
multiple paraffin blocks (16 per animal) for each period were 
examined by light microscopy. All nodular lesions were diag-
nosed histopathologically and counted using serial sections.

Immunohistochemical staining. Tissues were fixed in 10% 
phosphate-buffered formalin and processed for α-fetoprotein 
(AFP) (Envison kit; Maixin-Bio Company, Fuzhou, China). 
AFP immunostaining was performed according to the steps 
described in the operational manuals. Dilution of the primary 
antibody was 1:50. Human AFP-positive HCC tissue served 
as the positive control, while the negative control was diluted 
with normal mouse serum in PBS solution as a replacement for 
the primary antibody control.

Cell culture and tumor transplantation. The isolated tissue 
was immediately minced (1 mm3) by scalpel under sterile 
conditions and incubated with 1 mg/ml collagenase IV (C5138; 
Sigma) for 30 min at 37˚C under gentle agitation (Sanyo, 
Japan) as previously described (12). Next, the cells were passed 
through a 200-mesh screen and washed twice before spinning 
at 1,500 rpm for 5 min at 4˚C. Cells were cultured in a culture 
flask (Corning) in DMEM/F12 medium (Hyclone, Beijing, 
China) with the addition of 10% fetal bovine serum (Gibco), 
100 IU/ml penicillin (Amresco) and 50 µg/ml streptomycin 

(Amresco). The cell culture was monitored with phase contrast 
microscopy.

Tumor tissue with high proliferating activity was selected 
under sterile conditions, rinsed with iced normal saline three 
times and cut into small pieces of 1x1 mm for xenografts. 
Under direct vision through surgery, a small piece of tumor 
tissue prepared within 2 h was inoculated in the left lobe of 
the liver of male Syrian hamster, and sutured and disinfected 
conventionally. Caesarean section was performed for observa-
tion at 7 and 10 days after transplantation (Nikon ECLIPSE 
TS100).

Statistical analysis. All of the data were processed by statis-
tical software SPSS 16.0. Results were expressed as the means 
± SE. Statistical analysis was tested using one-way analysis 
of variance. Differences were considered to denote statistical 
significance at two-tailed p<0.05.

Results

Macronodular hepatocellular carcinoma in Syrian hamsters. 
Fig. 1B shows the survival rate of hamsters. A total of 6 animals 
treated with DEN died between 45 and 50 weeks, whereas 
unexpected death was not observed in the control hamsters.

No tumors were observed in the control animals. The 
gross pathological findings of DEN-treated livers included 
ascites, hepatomegaly, small hepatic cysts and multiple hepatic 
nodules. Gross examination at 45 and 50 weeks of the DEN 
treatment demonstrated macronodular HCC in 33.3% (4/12) 
of the DEN-treated Syrian hamsters (Fig. 2). The livers with 
HCC were enlarged with multiple small nodules of 0.2-0.5 cm 
in diameter (Fig. 2A-D), or with a single large nodule of 3 cm 
in diameter (Fig. 2E). Light microscopy and H&E staining 
showed nodular HCC (Fig. 3A). There were frequent bizarre 
neoplastic cells and abnormal mitotic figures (Fig. 3B). In 
addition, the HCC nodules were accompanied by chronic 
inflammatory infiltrates (Fig. 3A) and separated by cords of 
atrophic hepatocytes (Fig. 3A).

Figure 1. (A) Study protocol and (B) survival rates of the Syrian hamster.
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  B
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Figure 2. Gross examination of macronodular hepatocellular carcinoma. The livers were replaced by many macronodules (A, B, E and F) and isolated hema-
toma (A-D). C and D are magnified images of A and B. Syrian golden hamsters were treated with DEN and then sacrificed at 50 weeks.

Figure 3. Light microscopy of macronodular hepatocellular carcinoma. (A) H&E staining demonstrates the nodular appearance of HCC with frequent bizarre 
cells and mitotic figures (A and B, arrows). The tumor nodules are accompanied by chronic inflammatory infiltrates (dashed circle) and separated by cords of 
condensed residual hepatocytes (*). cv, central vein. Original magnification: A, x200; B, x400.

Figure 4. Invasiveness of macronodular hepatocellular carcinoma. Invasion of (A) blood vessels and (B) lymph vessels (LV) by HCC was evident in hamsters 
treated with DEN for 45 weeks. The blood vessels showed congestion (red blood cells; RBC), whereas the lymph vessels were markedly dilated with multiple 
cystic changes. Original magnification, x200.
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We also observed the invasiveness of macronodular 
HCC (Fig. 4). Invasion of blood vessels (Fig. 4A) and lymph 
vessels (Fig. 4B) by HCC was evident in hamsters treated with 
DEN for 45 weeks and onwards. The blood vessels showed 
congestion, whereas the lymph vessels were markedly dilated 
with multiple cystic changes. Immunohistochemical staining 
revealed that approximately one-third of the HCC cells were 
positive for AFP (Fig. 5), and the immunoreactivity was local-
ized in the cytoplasm and membrane.

Primary cell culture and tumor transplantation. The use of 
primary cultures from tumor cells is a promising approach 

for the development of new methods for the diagnostics and 
therapy of cancer. Fig. 6 illustrates the cultured HCC cells on 
day 1 (Fig. 6A), day 3 (Fig. 6B) and day 7 (Fig. 6C and D). 
Clone expansion and confluence was time-dependent in this 
primary cell culture.

Pre-neoplastic changes in the liver. Changes in the DEN-treated 
livers in addition to HCC were chronic inflammatory cell infil-
trates, fatty metamorphosis, ballooning degeneration, focal 
eosinophilic necrosis, hyperplastic nodules and multilocular 
cysts (Figs. 7-10). Cirrhosis and dilatation of the common bile 
duct were not observed in any animals.

From 15 weeks onward, DEN-treated animals showed 
chronic inflammatory infiltrates, dilated lymph vessels and 
proliferating bile ducts in the portal area (Fig. 7A). In addition, 
fatty change and clustering of proliferative bile ducts were 
found adjacent to the central vein (Fig. 7B). Hepatocytes in the 
DEN-treated hamsters also underwent degenerative changes, 
such as nuclear vacuolation, ballooning degeneration (Fig. 7C) 
and eosinophilic necrosis (Fig. 7D).

Nodular hyperplasia and hyperplastic nodules were 
encountered in the hamsters at 16-24 weeks of the DEN treat-
ment (Fig. 8). The size of the nodular lesions varied from a 
pinpoint to 1.5 cm in diameter. The nodular lesions included 
patches of clear cell hyperplasia coexisting with dilated blood 
vessels (Fig. 8A), focal clear cell hyperplasia accompanying 
proliferating bile ducts and chronic inflammatory cells adja-
cent to the central vein (Fig. 8B), and well-defined nodular 
hyperplasia arising from the background of chronic inflamma-
tion and hepatocyte degeneration (Fig. 8C). In addition, clear 

Figure 5. Immunostaining of AFP in macronodular hepatocellular carci-
noma. Less than one-third of the HCC cells were positive for AFP and the 
immunoreactivity was localized in the cytoplasm and membrane. Original 
magnification, x200.

Figure 6. Primary cell cultures of HCC. (A) Cultured HCC cells on day 1, (B) on day 3 and (C and D) on day 7. Original magnification: A, x40; B-D, x400.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  3:  285-292,  2012 289

Figure 7. Chronic inflammation and hepatocyte degeneration. Light microscopy of H&E-stained liver tissue sections revealed chronic inflammation and 
dilated vessels and/or bile ducts (bd) in regions of the (A) portal area and (B) central vein (cv). (C and D) Hepatocytes underwent nuclear vacuolation (*), 
ballooning degeneration and eosinophilic necrosis (arrow). Original magnification: A and B, x200; C and D, x400.

Figure 8. Liver nodular hyperplasia and hyperplastic nodules. (A) Patches of clear cell hyperplasia (dash circle) coexisting with dilated blood vessels. (B) Focal 
clear cell hyperplasia accompanying dilated bile ducts (bd) and chronic inflammation adjacent to the central vein (cv). (C) Well-defined nodular hyperplasia 
(nodule) arising from chronic inflammation and hepatocyte degeneration. (D) Clear cell nodule and focal clustering of microcysts. H&E staining; original 
magnification, x200.
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cell nodules and focal clustering of microcysts often existed 
(Fig. 8D).

At 25-50 weeks of the DEN treatment, there were focal bile 
duct hyperplasia (Fig. 9) and fatty changes (Fig. 10) adjacent 
to HCC lesions. Focal bile duct dysplasia, with marked dila-
tion and cystic formation (Fig. 9A), fatty changes (Fig. 9B), 
congestion (Fig. 9C) and clear cell hyperplasia (Fig. 9D), 
often co-existed. Fatty changes were observed in both early 
(Fig. 10A) and advanced (Fig. 10B) stage of HCC, suggesting 
an association between fatty metamorphosis and the hepatic 
carcinogenesis liver.

Lung tumors. Gross and microscopic examination revealed 
lung tumors in 2/4 hamsters at 25-50  weeks of the DEN 
treatment. The lung tumor mass was most frequently single 
rather than multiple, and varied from 0.3 to 1.2 cm in diameter. 
Light microscopy and H&E staining demonstrated well-
differentiated neoplastic cells (Fig. 11A) admixed with chronic 
inflammatory cell infiltrates (Fig. 11B). The morphology of the 
neoplastic cells in the lung was different compared to that of 
HCC. Consistently, immunohistochemistry illustrated that 
only a few macrophages, but not the neoplastic cells, were 
positive for AFP (Fig. 12), indicating that the lung tumors 

Figure 9. Bile duct dysplasia. Focal bile duct (bd) dysplasia with marked dilation and (A) cystic formation, (B) fatty changes, (C) congestion and (D) clear cell 
hyperplasia (dashed line circle). cv, central vein. H&E staining; original magnification, x200.

Figure 10. Liver fatty changes. (A) Fatty changes in non-neoplastic liver with dilated bile ducts (bd). (B) Fatty changes in both non-neoplastic liver (above 
dashed line) and neoplastic lesion (HCC, below dashed line). Original magnification, x200.
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may not be HCC metastasis. No tumors were detected in the 
kidney, pancreas, spleen or other anatomical sites.

Discussion

This study describes the histopathological series of events in 
hamsters administered DEN. The most important findings 
were macronodular HCC with a potential for primary cell 
culture and tumor transplantation, pre-neoplastic lesions that 
progress to HCC and primary lung tumors.

HCC is a highly malignant tumor with poor prognosis 
(13,14). Advanced HCC is associated with wasting symptoms, 
such as ascites and weight loss (15). One of the biochemical 
characteristics of HCC is AFP elevation (16-18). Pre-neoplastic 
lesions, such as fatty change and nodular hyperplasia, are 
frequently observed in HCC in both early and advanced stages 
(19). DEN is an established environmental hepatocarcinogen 
initially used to induce liver cancer in animal models (20). It 
has been shown that on primary metabolic activation, DEN 
produces the promutagenic adducts, O6-ethyl deoxy guanosine 
and O4- and O6-ethyl deoxy thymidine that causes DNA-chain 
damage and miscode gene sequences, paving the way to initia-
tion of liver carcinogenesis (6,21). In DEN-treated hamsters, 
progressive body weight loss, hepatomegaly, ascites and tumor 

formation are noted (22). The DEN-induced macronodular 
HCC was characterized by poor differentiation, AFP immu-
noreativity, vessel invasion and a potential application for 
primary cell culture and tumor transplantation. These find-
ings indicate that administration of DEN produces HCC in 
hamsters that mimics human HCC (23-28).

Primary human HCC exhibits characteristics, such as 
arterial phase hypervascularity with portal phase washout, and 
the presence of fatty degeneration and portal venous invasion. 
Intrahepatic biliary duct dilatation is well recognized with 
cholangiocarcinoma and is frequently observed in metastatic 
HCC (29). HCC is frequently accompanied by dilatation of the 
intrahepatic bile ducts (30-37), while focal bile duct hyperplasia 
often occurs in the adjacent non-tumorous liver tissue of 
European patients (38). In this study, pre-neoplastic lesions, 
including focal bile duct hyperplasia, fatty change and clear cell 
hyperplasia, occurred in DEN-induced hepatocarcinogenesis.

In the present study, lung neoplastic cells were morpho-
logically distinct from HCC and had negative AFP reactivity, 
indicating that the lung tumors were more likely primary 
lesions rather than metastases. This finding is consistent with 
an early report that feeding of DEN induces tumors of the lung 
and liver in rats (39). To our knowledge, this is the first report 
of lung tumors in DEN-treated hamsters.

In this study, DEN-induced hepatocarcinogenesis 
progressed over specific periods. A toxic reaction and hepato-
cyte regeneration occurred in the early stage defined from the 
1st to 15th week of treatment. This was followed by prominent 
nodular hyperplasia and fatty changes from 16 to 24 weeks 
of administration. From 25 to 50 weeks of induction, both 
micronodular and macronodular HCC occurred. These serial 
events are consistent with the development of human hepato-
carcinogenesis (40), highlighting the potential application of 
this animal model for HCC research.

In the present study, dose-response effects were not tested, 
since long-term treatment with DEN results in the substantial 
loss of animals. On the other hand, the greater susceptibility of 
animals toward a carcinogenic effect seems well documented, 
but the underlying mechanism remains undetermined. In 
summary, DEN induces hepatocarcinogenesis in hamsters and 
may serve as a new and dynamic animal model for studying the 
pathogenesis and clinical treatment of hepatocellular carcinoma.

Figure 11. Lung tumor. Light microscopy and H&E staining demonstrated (A) well-differentiated neoplastic cells admixed with (B) chronic inflammatory 
infiltrates in lung tumors. Original magnification, x200.

Figure 12. Immunostaining of AFP in lung tumor. A few macrophages 
surrounding the neoplastic cells were positive for AFP, while no immuno-
reactivity was found in lung neoplastic cells. Original magnification, x200.
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