
 

 

Introduction 
 
Hepatocellular carcinoma (HCC) is a major 
health problem of worldwide significance, being 
the sixth most common cancer and the third 
leading cause of cancer-related death [1, 2]. 
Although curative treatments are available for 
early stage tumors (transplantation, resection 
and percutanous ablation), there is no effective 
therapy for those patients diagnosed at ad-
vanced stages or transitioned into advanced 
stages after initial therapy. Recently Sorafenib 
has been investigated as a new treatment op-
tion for advanced HCC [3]. Despite initial prom-
ising findings, the tumor response rate to this 

multi-kinase inhibitor remains low; the high fre-
quency of HCC recurrence remains a serious 
problem in clinical practice.  
 
Intra-hepatic metastasis is a critical factor lead-
ing to the recurrence of advanced HCC. This 
mechanism usually involves varying degrees of 
vascular invasion through the portal vein and/or 
spread to other parts of the liver. Research ef-
forts to investigate the molecular mechanism of 
HCC metastasis/recurrence and new drug dis-
coveries for advanced HCC treatments will re-
quire appropriate models. For our study, the 
main purpose was to compare two different 
rodent syngenic surgical orthotopic HCC models 
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Abstract:  Intra-hepatic metastasis is one of the major modalities that lead to the recurrence of advanced HCC. Re-
search efforts to investigate HCC metastasis/recurrence and therapy response will require appropriate models. For 
our study, the main purpose was to compare two different rodent syngenic orthotopic HCC models using MRI and 
pathologic evidence; we specifically sought to investigate the intra-hepatic metastatic properties of HCC in Buffalo 
rats. Methods: 12 female Buffalo rats and 16 male Sprague Dawley (SD) rats were used in these studies. Subcapsu-
lar implantation of 1×106 McA-RH7777 and 1×106 N1-S1 rat hepatoma cells into the left hepatic lobe was carried 
out in Buffalo and SD rats, respectively. Buffalo hepatoma rats (n=5/6) and SD hepatoma rats (n=6/8) were imaged 
using MRI at 6-8 days after implantation. Then, another group of Buffalo HCC rats (n=6/6) and SD HCC (n=6/8) rats 
were scanned at 21-25 days interval post-implantation. After image acquisition, tumor sections were evaluated with 
H&E and CD34 staining. Results: Tumor induction rate for Buffalo rats was 92% (11/12) compared to 75% (12/16) 
for SD rats. The mean tumor size of McA-RH7777 hepatoma rats at 6-8 day interval was 1.32±0.56cm, but pro-
gressed to multiple intra-hepatic metastasis at 21-25 day interval in 6/6 rats (100%). In contrast, the mean tumor 
size of N1-S1 rats at early interval was 1.06±0.32cm, these progressed to only a single solid mass of 2.35±0.69cm 
at later interval without obvious intra-hepatic metastasis. H&E staining showed that McA-RH7777 cell induced Morris 
hepatoma exhibited typical trabecular growth pattern, better representative of human HCC compared to the sheet 
pattern of N1-S1 cell induced Novikoff hepatoma. Conclusion: The McA-Rh7777 rat hepatoma model was demon-
strated to be a highly malignant intra-hepatic metastasis model of potential utility for HCC research. 
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using imaging evidence and pathologic evalua-
tion at different time intervals post-
implantation; we specifically sought to investi-
gate the intra-hepatic metastatic properties of 
HCC in Buffalo rats. These two models have 
already been used in various different studies 
during the evaluation of anti-cancer treatments 
and toxicity: McA-RH7777 HCC model in Buffalo 
rats has been used in immunotherapy [4], liver 
transplantation [5] and gene therapy [6] stud-
ies; the N1-S1 rat HCC model [7] has been used 
in electrochemotherapy [8], biodistribution of 
Yttrium-90 through hepatic artery [9] studies 
and has been indicated as a suitable rodent 
HCC model for interventional studies in HCC 
[10, 11]. However, there have been no directed 
studies comparing tumor growth patterns, imag-
ing and histology differences between these two 
models.  
 
In our study, we provided MR images with corre-
sponding hematoxylin and eosin staining and 
immunohistochemisty staining of CD34 to com-
pare these two models at early and late inter-
vals after implantation for a better understating 
of intra-hepatic metastatic properties in these 
transplanted HCC rat models. We anticipate 
that such information should allow future selec-
tion of a suitable model for conducting pre-
clinical studies to evaluate new imaging and 
therapeutic approaches. 
 
Materials and methods 
 
Tumor cell lines and culture 
 
The N1-S1 rat hepatoma cell line (ATCC, CRL-
1603, Manassas, VA, USA) and McA-RH7777 
rat hepatoma cell line (ATCC, CRL-1601, Manas-
sas, VA, USA) were obtained and cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
ATCC, Manassas, VA, USA) supplemented with 
10% fetal bovine serum (Sigma-Aldrich, MO, 
USA) and 0.1% gentamycin (Sigma-Aldrich, MO, 
USA). N1-S1 cells were maintained in suspen-
sion while McA-RH7777 cells were loosely ad-
herent in 75cm2 culture flasks at 37°C in a hu-
midified atmosphere containing 5% CO2. The 
viability of the cells was tested with Trypan blue 
staining (confirming > 90% cell viability for each 
tumor implantation procedure). 
  
Animals 
 
All studies were approved by our institutional 

animal care and use committee and were per-
formed in accordance with institutional guide-
lines. Twelve female Buffalo rats aging initially 
from 55 days to 60 days (Charles River Labora-
tories, Wilmington, MA, USA) and sixteen male 
Sprague Dawley (SD) rats (Charles River Labora-
tories, Wilmington, MA, USA) weighting initially 
301-325g were used for these studies.  
 
Tumor inoculation 
 
Buffalo rats were anesthetized with isoflurane 
at an induction dose of isoflurane/oxygen medi-
cal mixture (5% isoflurane, oxygen medical 3 L/
min) and maintained at a dose of isoflurane/
oxygen mixture (1–2% isoflurane, oxygen 3 L/
min).  SD rats were anesthetized with a hind 
limb injection of Ketamine (75-100 mg/kg) and 
Xylazine (2-6 mg/kg). After anesthesia, a mini-
laporatomy was performed on each rat and the 
left hepatic lobe was exposed on a sterile com-
press. 1x106 McA-RH7777 rat hepatoma cells 
were visually injected under the hepatic capsule 
into this lobe in Buffalo rats; 1x106 N1-S1 hepa-
toma cells were injected using the same proto-
col in SD rats (Figure 1). A pale whitish coloring 
could be seen at the point of injection under the 
hepatic capsular. A gentle compression was 
applied for 15 seconds with a cotton applicator 
to avoid bleeding and reflux of the cells. Then 

Figure 1.  Subcapsular implantation of 1×106 N1-S1 
rat HCC cells into the left hepatic lobe of Sprague 
Dawley rats.  
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the abdominal incisions were closed with 2-
layer technique followed by topical application 
of antibiotic ointment and Metacam injection (1-
2mg/kg, SQ). Animals were returned to storage 
facilities for the duration of the follow-up inter-
vals after implantation. 
 
MRI protocols 
 
All MRI studies were performed using a 3.0T 
Magnetom Trio clinical scanner (Siemens Medi-
cal Solutions, Erlangen, Germany) with custom-
built rodent receiver coil (Chenguang Med. Tech. 
Co., Shanghai, China). Along both coronal and 
transverse orientations, T2-weighted (T2W), T1-
weighted (T1W), and proton-density weighted 
(PD-W) spin echo (TSE) imaging was performed 
with a multi-slice acquisition providing complete 
coverage of the entire liver. All scans were per-
formed using a 150mm FOV, 2.0mm slice-
thickness, 3 signal averages, 256 matrix 
(0.6x0.6 mm2 in-plane voxel size), repetition 
and echo time (TR/TE) = 3500/60ms for T2W 
imaging, TR/TE = 300/8ms for T1W imaging, 
and TR/TE = 3500/8ms for PD-W imaging. The 
MRI measurements were performed at 6-8 days 
and 21-25 days intervals after implantation. 
 
Image Analysis  
 
All measurements were performed offline using 
the ImageJ software package (http://
rsb.info.nih.gov/ij/). All coronal and axial orien-
tation DICOM format images for each animal 
were reviewed according to RECIST criteria [12] 
with the maximum tumor diameter measured 
within T2W TSE images. For N1-S1 rat hepa-
toma, the tumor maximum diameter at 6-8 days 
interval and 21-25 days interval were measured 
and compared. For McA-RH7777 rat hepatoma, 
the total tumor nodules were visualized by MRI 
and confirmed at gross anatomy. 
 
Histology 
 
After MRI studies, each rat was euthanized with 
intravenous injection of Euthasol at a dose of 
150 mg/kg and bilateral thoracotomy. 2-3 sec-
tions across the tumors were sampled and fixed 
in 10% formaldehyde solution; these tissue sec-
tions were then embedded in paraffin for H&E 
staining and CD34 immunohistochemistry stain-
ing.  
 
Tumor morphology and cytology properties were 

evaluated on H&E slides, including tumor 
growth pattern, capillarization (microvessel 
structure), cellular atypia, mitotic activity and 
intra-tumor necrosis [13, 14]. The mitotic activ-
ity, an indicator of tumor aggressiveness, was 
counted as the number of mitoses in 10 high 
power fields (400×) [15]. CD34 staining was 
performed as a malignant tumor neovasculari-
zation marker highlighting the  regions of sinu-
soidal capillarization [16]. CD34 slides were 
digitized with ×100 optical magnification using 
a multi-channel automated imaging system 
(TissueGnostics, Vienna, Austria). Quantitative 
analysis of tumor angiogenesis was performed 
within each tumor region using Matlab software 
(The Math Works Inc., Natick, MA) that differen-
tiated CD34 stained areas from hepatoma ar-
eas based on color differentiation. Tumor ne-
ovascular maps were generated based on color 
differentiated images. Tumor micro-vessel den-
sity (MVD) was expressed as the ratio of CD34 
positive stained area per total tumor area.  
 
Statistics 
 
All statistics were performed using the SPSS 
statistical software package (SPSS, Chicago, IL, 
USA). The tumor cell mitosis activities were com-
pared with a two independent samples t-test to 
examine differences between McA-RH7777 
hepatoma rats and N1-S1 hepatoma rats be-
tween the 6-8 days and 21-25 days intervals 
after implantation, respectively. Tests were con-
sidered statistically significant with a p-value < 
0.05. 
 
Results  
 
The tumor induction rate for Buffalo rats was 
92% (11/12) compared to 75% (12/16) for SD 
rats. No severe post-procedure complications 
were observed in either rat model (bleeding, 
marked inactivity, internal infection, etc). No 
mortalities were observed during the follow-up 
interval. 
 
MR imaging 
 
Both McA-RH7777 rat hepatoma and N1-S1 rat 
hepatoma were hyper-intense within T2-
wieghted images, hypo-intense within T1-
wieghted images and typically iso-intense within 
proton-density weighted images.  
 
McA-RH7777 HCC cells transplanted into Buf-
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falo rats (n=5/6) grew from one single nodule of 
1.32±0.56cm at 6-8 days interval and pro-
gressed to multiple intra-hepatic metastasis 
which counted up to 5-10 nodules (n=6/6) at 
21-25 days interval post-implantation. In con-
trast, each SD rat (n=6/8) developed only a 
single N1-S1 hepatoma with sizes 1.06 ± 
0.32cm at 6-8 days interval; these progressed 
in size to 2.35 ± 0.69cm without any observable 
intra-hepatic metastasis (n=6/8) at 21-25 days 
interval post-implantation. Transversal and cor-
onal T2W TSE images at 6-8 days and 21-25 
days intervals for Buffalo rats and SD rats are 
shown in Figure 2A and Figure 2B, respectively. 
 
H&E staining 
 
H&E slides showed that each McA-RH7777 
hepatoma were a solid mass with an invasive 
border. Morphologically, these tumors exhibited 
a typical trabecular growth pattern (Figure 3A). 
Cytologically, tumor cells were epithelial in 
shape with moderate cytological atypia with 
mitotic activity of 169.6±14.0 mitosis/10HPF 
within the 89±5% percent viable tumor at the 6-
8 days interval. Focal tumor necrosis was ob-
served with 11±5% central necrosis due to tu-
mor ischemia when tumor maximum diameter 
was larger than 1.0cm. At the 21-25 days inter-
val, tumor mitotic activity increased to 
236.3±10.3mitosis/10HPF within the 75±11% 

percentage viable tumor. Focal intra-tumor ne-
crosis increased to 25% percent inside the tu-
mor due to rapid progression. 
 
Gross anatomy for N1-S1 transplanted hepa-
toma showed only one single nodule progress-
ing locally without observable intra-hepatic or 
peritoneal wall metastasis. H&E staining slides 
showed that N1-S1 Novekoff hepatoma grew in 
a solid sheet pattern compared to McA-RH7777 
Morris hepatoma’s trabecular pattern (Figure 
3B). At 6-8 days interval, a 90±4% viable tumor 
was observed with mitotic activity of 
73.0±18.9mitosis/10HPF and at 21-25 days 
interval, 68±8% viable tumor with 32±8% focal 
necrosis due to tumor ischemia; at this delayed 
interval we observed a mitotic activity of 
113.1±35.6mitosis/10HPF. The difference in 
mitotic activity between McA-RH7777 hepa-
toma and N1-S1 hepatoma was statistically 
significant at each interval (p<0.0001).  
 
CD34 staining 
 
Diffuse positive staining for CD34 in sinusoidal-
like vessels indicated the process of tumor an-
giogenesis in both McA-RH7777 hepatoma and 
N1-S1 hepatoma models. Representative CD34 
staining image are shown in Figure 3 demon-
strating CD34 expression (brown staining) in the 
tumor region (blue staining). Digitalized CD34 

Figure 2. Transverse and coronal T2-weighted MR images at 6-8 day and 21-25 day intervals in McA-RH7777 rat HCC 
(A) and N1-S1 rat HCC (B) models. 
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images were transformed into binary black 
(CD34 positive) and white images based on 
color differentiation (brown and blue). Repre-
sentative reconstructed tumor neovasular maps 
for rat N1-S1 hepatoma and McA-RH7777 
hepatoma at an early interval (1.0cm diameter 
tumor) are shown in Figure 4, clearly demon-
strating that the McA-RH7777 hepatoma model 
is more hyper-vascular compared to the N1-S1 
hepatoma. 
 
Discussion 
 
Using MRI and histological measurements we 
compared two rodent HCC models and demon-
strated that McA-RH7777 Morris hepatoma can 
serve as a highly malignant intra-hepatic metas-
tasis model of HCC. We observed that Morris 
hepatoma in the Buffalo rats demonstrated sig-
nificantly greater levels of neovascularization, 
metastasis, mitotic activity than Novikoff hepa-

toma in SD rats; Morris hepatoma also exhibited 
growth patterns more closely representative of 
those observed in human HCC. 
 
These two rat HCC models used the same meth-
odology: 1) the origin of the implanted tumor 
(rat hepatoma cell lines), the type of the sample 
(suspension of malignant cells maintained in 
culture) and the anatomical site of implantation 
(the left hepatic lobe). However, a significant 
difference between these two rodent models 
was found; all the Buffalo rats developed intra-
hepatic metastasis at 21-25 days interval 
(n=6/6) while there was no intra-hepatic metas-
tasis were observed in SD rats (n=6/6). Al-
though both McA-RH7777 and N1-S1 hepatoma 
rats developed a single nodule at an early inter-
val after implantation, the Morris7777 hepa-
toma in Buffalo rats would develop multiple in-
tra-hepatic metastases at a later interval (21-25 
days) after implantation. Also, morphologically, 

Figure 3. HE staining (A, C) and CD34 staining (B, D) images from N1-S1 rat hepatoma (A, B) and McA-RH7777 rat 
hepatoma (C, D). 
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McA-RH7777 hepatoma grew in a trabecular 
pattern which preserved more histological ap-
pearance of human HCCs compared to the 
sheet pattern of N1-S1 hepatoma. Human HCCs 
exhibit either microtrabecular growth pattern 
when occurring in normal liver tissue or macro-
trabecular pattern when occurring in cirrhotic 
livers [17]. The mitotic activity of McA-RH7777 
rat hepatoma was significantly higher than N1-
S1 rat hepatoma, which indicated the McA-
RH7777 model was more aggressive histologi-
cally. In sum, these findings suggested that the 
McA-RH7777 rat HCC model may be suitable to 
serve as a highly malignant intra-hepatic metas-
tasis hepatoma model in pre-clinical studies.  
 
There were two minor technical differences 
found  in these two models: 1) anesthesia: SD 
rats were well anesthetized under Ketamine 
and Xylazine, but Buffalo rats were quite sensi-
tive to Xylazine leading to respiratory arrest but 
would be well anesthetized under isoflurane 
inhalation. 2)the amount of cell suspension me-
dium: initially we used 0.05ml complete me-
dium to suspend the 1x106 N1-S1 HCC cells 
which contributed to 50% (2/4) tumor induction 
compared to 100% (4/4) tumor induction rate 
when suspended in 0.20 ml complete medium. 
Similar results were observed in another 4 SD 
rats, which might suggest a larger amount of 
suspension medium (0.20ml) may be necessary 

for improved tumor inoculation.  
 
HCC frequently manifests as multiple lesions in 
the liver. The multiplicity of the lesions has been 
explained by a multi-centric origin of HCC or 
intra-hepatic metastasis [18, 19]. Most recur-
rence of HCC in non-cirrhotic liver is considered 
to be due to intra-hepatic metastasis or to be de 
novo hepatocarcinogenesis. Also, intra-hepatic 
metastasis is more often observed in distinct 
and poorly differentiated nodular tumor types. 
The syngenic orthotopic implantation method 
used in these two rodent hepatoma models pre-
served the influence of the immune system and 
other tumor-host interactions compared to the 
xenograft models in immuno-compromised ro-
dents [20]. Moreover, tumor inoculation by intra
-hepatic injection of the tumor cells mimics the 
progression of human HCC which causes pro-
gressive infiltration of the liver. However, the 
clinical relevance of these transplanted rat 
hepatoma models still depends on their molecu-
lar features and how well these mimic human-
like HCC characteristics. The latter aspect was 
not investigated in the current study and re-
mains a limitation that should be examined in 
the future.  
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