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 Background: This study aimed to develop a nude mouse model of orthotopic liver transplantation of HCCLM3 human he-
patocellular carcinoma (HCC) cell xenografts and the use of imaging and histology to evaluate tumor develop-
ment and progression.

 Material/Methods: HCCLM3 cells were injected subcutaneously into 25 healthy male athymic BALB/c (nu/nu) nude mice. The tu-
mors that developed were transplanted into the liver of a new set of nude mice. After four weeks and six weeks, 
the mice were imaged using ultrasound (US), software-assisted contrast-enhanced ultrasound (CEUS), fluoro-
deoxyglucose-positron emission tomography (FDG-PET). Histology was performed on the liver and liver tumors, 
and included immunohistochemistry for vascular endothelial growth factor (VEGF), CD31, CD34, and a-smooth 
muscle actin (a-SMA).

 Results: The success rate for orthotopic tumor transplantation in the mouse liver was 90% (18/20). Liver tumors mea-
sured 11.8±2.6 mm in diameter and 525.9±250.8 mm3 in volume on the sixth week. CEUS showed rapid wash-in 
and washout in the liver tumors, and PET showed low tumor cell metabolism. Bone metastases were present 
in 45% (9/20) of mice in the sixth week. Immunohistochemistry showed positive expression for VEGF, CD31, 
CD34, and a-SMA.

 Conclusions: The nude mouse orthotopic liver transplantation model of human HCC was shown to be a reliable model 
that has the potential for future research on the pathogenesis and progression of HCC and studies on drug 
development.
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Background

Worldwide, hepatocellular carcinoma (HCC) is the most com-
mon type of liver cancer and the third leading cause of can-
cer death [1]. Chronic liver diseases, especially cirrhosis, are 
the main risk factors for HCC [2]. Treatment for HCC is usually 
limited because most patients with HCC are diagnosed at an 
advanced stage. Surgical resection, targeted therapy, immu-
notherapy, and systemic chemotherapy are among the cur-
rent treatments for HCC. Due to molecular heterogeneity and 
chromosomal alterations, the molecular mechanism of HCC 
remain unclear, and therapeutic options still needed to be 
developed [3].

Development of new treatments for cancer, including drug de-
velopment, requires initial preclinical analysis. The use of stable 
and reliable animal models that have similar characteristics to 
the human disease is required for in vivo preclinical drug de-
velopment studies. Currently, nude mice have been identified 
as suitable for these studies, and there have now been several 
different types of HCC nude mouse models [4,5]. The orthotopic 
tumor transplantation model using nude mice has been report-
ed to be a close model for primary human HCC [6]. However, 
because of the high technical requirements and the need for 
the use of immunodeficient nude mice as hosts, these animal 
models have yet to be extensively used.

Ultrasound (US) is a useful screening method to detect tumor 
development, and contrast-enhanced ultrasound (CEUS) uses 
real-time imaging technology. CEUS can evaluate the tumor 
characteristics, including tumor size, vascular invasion, and 
growth patterns, and has the potential to identify therapeutic 
responses [7]. Fluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) is an effective method for the diagnosis of 
cancer and monitors tumor glucose metabolism.

Therefore, this study aimed to develop a nude mouse mod-
el of orthotopic liver transplantation of HCCLM3 human HCC 
cell xenografts with the use of imaging and histology to eval-
uate tumor development and progression.

Material and Methods

Cell culture

The human hepatocellular carcinoma HCC cell line, HCCLM3 [8], 
was established at the Liver Cancer Institute, Zhongshan 
Hospital, Fudan University, Shanghai. The cells with the high-
est metastatic potential were subcultured and maintained 
in Dulbecco’s modified Eagle’s medium (DMEM) (Biosera, 
Boussens, France) supplemented with 10% fetal bovine serum 
(FBS) (Biosera, Boussens, France). All cells were incubated at 

37°C in a humidified atmosphere containing 5% CO2. The dou-
bling time of the HCCLM3 cells was calculated, and the cell 
count was performed. The cells were maintained in culture for 
four passages before inoculation into the mice, to ensure cell 
viability and stability,

Establishment of the HCCLM3 tumor xenografts in the 
nude mice

Twenty-five healthy male athymic BALB/c (nu/nu) nude mice 
were purchased from the SLAC Laboratory Animal Co., Ltd. 
(Shanghai, China). The mice were 6 weeks old and weighed 
18–20 g. The mice were housed and fed in a specific patho-
gen-free (SPF) environment and provided with sterile food and 
water. All procedures were performed under aseptic condition. 
Before the animal experiments, the mice were fed ad libitum 
for one week in the new environment.

Cultured cells were washed with phosphate-buffered saline 
(PBS) (Biosera, Boussens, France), and 0.2 mL of cell suspen-
sion (1×107 cells) was injected into the skin of the right un-
derarm region of five nude mice.

Orthotopic liver transplantation of the human HCCLM3 
tumor xenografts in the nude mice

Two weeks later, when the xenograft tumors were about 1 cm3 
in volume, the tumor tissues were removed from the subcuta-
neous site in each of the mice. The tumors were cut into pieces 
measuring 2 mm in diameter and transplanted into the sub-
capsular region of the left medial lobe of the liver of a differ-
ent set of 20 nude mice. A gelatin sponge was applied to the 
site, and the liver incision was sutured using 8-0 nylon surgi-
cal sutures (Ethicon Inc., Johnson & Johnson, New Brunswick, 
NJ, USA) with local disinfection. During the operation, intraper-
itoneal anesthesia using 2% pentobarbital sodium (40 mg/kg) 
was administered. At the end of the study, the mice were euth-
anized when the liver tumors reached about 20 mm in length.

Evaluation of the growth of the orthotopic liver tumors

After orthotopic liver transplantation, all mice were imaged each 
week using a Philips EPIQ 7 US system (Philips, Amsterdam, 
the Netherlands) with an L12-4 convex probe (4–12MHz). 
The focus depth and other settings remained unchanged and 
were constant during the study.

The liver tumor dimensions were measured using ultrasound. 
The orthotopic liver tumor volume was calculated using the 
following formula: V=length×width×height/2. The tumor length 
and width were measured in the horizontal plane, and the 
depth was measured in the sagittal plane.
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When the liver tumors increased to 5 mm in length, a 100-sec-
ond imaging record using contrast-enhanced ultrasound (CEUS) 
dynamic imaging was acquired using after injection of 150 µL 
of re-suspended microbubble contrast (SonoVue, Bracco, Milan, 
Italy) into the tail vein of the mice. Quantitative imaging soft-
ware was used to draw the time-intensity curve (TIC). Other 
imaging parameters included the peak intensity (PI), and area 
under the curve (AUC), which were calculated for both the liv-
er tumor and the adjacent liver parenchyma. The metabolism 
of the liver tumor and metastases was evaluated using flu-
orodeoxyglucose-positron emission tomography (FDG-PET). 
Standardized uptake values (SUVs) of the tumor tissue were 
calculated using computer software.

Tumor histopathology and immunohistochemistry

At the end of the study, immediately after CEUS was performed, 
liver and tumor tissue specimens were fixed in 10% neutral 
buffered formalin, embedded in paraffin wax, and tissue sec-
tions were cut. Tumor tissue sections underwent immunohis-
tochemistry using primary antibodies to vascular endothelial 
growth factor (VEGF), CD31, CD34, and a-smooth muscle ac-
tin (a-SMA). All light microscopy images were digitized, and 
the images were analyzed using Pannoramic 1000 image anal-
ysis software (3DHistech, Budapest, Hungary).

Statistical analysis

Numerical data were presented as the mean±standard devi-
ation (SD). Simple linear regression models were applied to 
analyze the morphological changes of the tumor with time, 

including both the diameter and volume. All statistical anal-
ysis was performed using SAS version 10.0 software (SAS 
Software, Cary, NC, USA). A P-value <0.05 was considered to 
be statistically significant.

Results

The nude mouse model of orthotopic liver transplantation 
of human HCCLM3 hepatocellular carcinoma (HCC) tumor 
xenografts

Two weeks after subcutaneous implantation of HCCLM3 cells, 
xenograft tumors appeared in 4/5 (80%) nude mice without 
metastasis (Figure 1). Three weeks after orthotopic liver trans-
plantation of the tumor xenografts, liver tumor growth was de-
tected by ultrasound (US) in 18/20 (90%) nude mice (Figure 2), 
and positron emission tomography (PET) showed that bone 
metastasis was present in 9/20 (45%) nude mice (Figure 3).

Tumor growth of the orthotopic HCC liver tumors

The orthotopic liver tumors were evaluated during the 
third week when they were 4.2±0.5 mm in diameter and 
22.4±7.3 mm3 in volume. On the sixth week, at the end of the 
study, the orthotopic liver tumors measured 11.8±2.6 mm in 
diameter and 525.9±250.8 mm3 in volume (Figure 4, Table 1).

Figure 1.  Two weeks after subcutaneous injection of the 
HCCLM3 human hepatocellular carcinoma cells into the 
nude mice, tumor xenograft nodules were present. Two 
weeks after subcutaneous injection of the HCCLM3 
human hepatocellular carcinoma cells, a subcutaneous 
tumor nodule is shown in the right underarm of the 
nude mouse (diameter=10 mm).

Figure 2.  Gray-scale ultrasound (US) imaging shows the 
orthotopic liver transplant of the hepatocellular 
carcinoma (HCC) xenograft at the fourth week. Gray-
scale ultrasound (US) imaging shows a 7.79×5.78 mm 
hypoechoic nodule in the left lobe of the liver of the 
nude mouse at the fourth week after orthotopic liver 
transplantation.
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Contrast-enhanced ultrasound (CEUS)

On the fourth week after orthotopic transplantation, CEUS 
imaging showed homogeneous enhancement with hyper-
echogenicity at 5±1 s after injection of microbubble contrast 
(SonoVue, Bracco, Milan, Italy) (Figure 5A). Following wash-
out, medium echogenicity was found at 10±2 s (Figure 5B), 
and washout hypo-echogenicity was found during the portal 
and delayed phase (Figure 5C). At the sixth week after ortho-
topic transplantation, uneven hypo-enhancement was found at 
6±1 s after injection of microbubble contrast (SonoVue, Bracco, 

Figure 4.  The orthotopic liver tumors were evaluated during the 
third week and sixth week.

n
Weeks after transplantation Linear 

regression 
coefficient

P-value
3rd week 4th week 5th week 6th week

Tumor diameter (mm) 18  4.2±0.5  5.9±1.0  9.1±1.8  11.8±2.6 0.7517 <0.0001

Tumor volume (mm3) 18  22.4±7.3  77.6±53.0  249.6±188.4  525.9±250.8 0.5675 <0.0001

Table 1.  The morphological features of the mouse tumor xenografts in the third, fourth, fifth, and sixth week after orthotopic liver 
transplantation of the tumor xenograft.

n – number of orthotopic liver tumors.

Figure 3.  Positron emission tomography (PET) 
shows bone metastasis in the mouse 
at the sixth week. The upper arrow 
indicates tumor tissue. The lower 
arrow indicates metastasis in the right 
femur in the sixth week.

Milan, Italy) (Figure 5D). After washout, there was a lack of 
echogenicity at 10±2 s until the delayed phase (Figure 5E).

The time-intensity curves (TICs) of the mouse liver tissue, 
including the liver tumor and liver parenchyma, were evalu-
ated by quantitative image analysis software (Figures 6A, 6B). 
The peak intensity (PI), and area under the curve (AUC) de-
creased (Table 2). Positron emission tomography (PET) in the 
sixth week after orthotopic liver transplantation showed a maxi-
mum standardized uptake value (SUV) of 0.38±0.04. Metastasis 
to the femur was present in 9/20 (45%) mice.

Histology and immunohistochemistry of the mouse liver 
tissue and the orthotopically transplanted liver tumors

Vascular invasion of the orthotopically transplanted HCC was 
determined by immunohistochemistry for vascular endotheli-
al growth factor (VEGF) (Figure 7A), and a-smooth muscle ac-
tin (a-SMA) (Figure 7B). The microvessel density (MVD) index 
was determined using immunostaining for CD31(Figure 7C) 
and CD34 (Figure 7D). Histology confirmed that the tumors in 
the mouse liver tissues and the metastases showed features 
of HCC, which were associated with areas of necrosis.
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Figure 5.  Contrast-enhanced ultrasound (CEUS) in the fourth week and sixth week after orthotopic liver transplantation of the 
hepatocellular carcinoma tumor xenograft. (A) Contrast-enhanced ultrasound (CEUS) imaging shows homogeneous 
enhancement with hyperechogenicity at 5±1 s after injection of microbubble contrast (the fourth week after orthotopic 
liver transplantation of tumor xenograft). (B) Following washout, medium echogenicity was found at 10±2 s (the fourth 
week after orthotopic liver transplantation of tumor xenograft). (C) Medium echogenicity is shown at washout during the 
portal and delayed phase (the fourth week after orthotopic liver transplantation of tumor xenograft). (D) Uneven hypo-
enhancement is shown at 6±1 s after injection of microbubble contrast (SonoVue, Bracco, Milan, Italy) (the sixth week after 
transplantation). (E) After washout, there is a lack of echogenicity at 10±2 s until the delayed phase (the sixth week after 
transplantation).

D

E

Discussion

Worldwide, hepatocellular carcinoma (HCC) accounts for ap-
proximately 80% of primary malignant liver cancers [9]. Tumor 
angiogenesis occurs in HCC and has recently been targeted 
in personalized therapy for HCC. However, the mechanisms 
underlying the role of angiogenesis in HCC remain poorly 
understood. In this study, the nude mouse orthotopic liver 
transplantation model of human HCC was shown to be re-
liable in terms of tumor development and progression. This 
model may be helpful for future research on the molecular 

mechanisms of tumor initiation, growth, angiogenesis, and 
drug development.

Previously used models in human malignancy have included 
tumor xenografts, the use of spontaneous tumor models, 
viral-induced animal tumors, and genetically-engineered animal 
models [10]. Of these five methods, the tumor xenograft ani-
mal model is the most widely used. However, in HCC, the suc-
cess rate of establishing human HCC cell lines is low and is 
reported to be less than 25%[11,12]. The use of human HCC 
cell lines is characterized by rapid cell proliferation in vitro, and 
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Weeks after transplantation Liver tissue sections PI AUC

4th week
Tumor  256.4±46.1  2853.4±1459.6

Parenchyma  290.3±39.4  4660.2±1835.9

5th week
Tumor  192.2±68.6  1873.4±1168.3

Parenchyma  294.2±67.4  4655.3±1469.4

6th week
Tumor  152.4±54.5  1028.7±696.7

Parenchyma  272.2±61.3  3759.2±759.3

Table 2. Quantified parameters used in contrast-enhanced ultrasound (CEUS).

PI – peak intensity; AUC – area under the curve. Parenchyma selected is of the same depth as the tumor tissue.

their use in animal HCC xenografts results in tumors at injec-
tion sites and sometimes in metastatic tumors in the perito-
neal cavity [11,12]. The success rates for this approach could 
be improved by optimizing the cell culture environment to im-
prove cell viability to >70% and to reduce contact inhibition 
while in culture [11]. Another approach is to use a xenograft 
in an ideal animal model that would be more stable than cell 
lines used from human surgical tumor tissue explants [13]. 
Therefore, in this study, we chose the human HCC cell line, 
HCCLM3, to develop the model, because of its high cell prolif-
eration rate in vitro, which was reflected by the tumor growth 
and metastatic potential in vivo [8].

In addition to orthotopic liver transplantation of tumor xeno-
grafts, other technologies include injection of cell suspensions 
into the portal vein, or the hepatic artery, the spleen, or subcu-
taneous tumor implants. The spleen is an appropriate site for 
xenograft tumor growth because it is highly vascularized and 
has space to accommodate tumor growth. However, with the 
use of HCC xenografts, partial hepatectomy has been shown to 
increase the success rate regardless of the site [14]. Regarding 

the animal model, mice share a similar genetic, anatomical, 
and immune system with humans [15]. The immune-deficient 
thymectomized nude mouse and the nonobese diabetic/severe 
combined immunodeficiency (NOD/SCID) mouse have been 
used in previous models [16,17]. The BALB/c mouse is hair-
less, which is convenient for both tumor observation and im-
aging [18]. In the mouse, the underarm and back have a rich 
blood supply [19], which are ideal regions for subcutaneous 
implantation of tumor xenografts.

In this study, several imaging techniques were used to follow 
the development of transplanted tumors. In the advanced stage 
of tumor development in this model, both blood perfusion and 
the systemic circulation decreased, indicating tumor necrosis. 
Ultrasound (US) is a reproducible and accurate screening tool for 
early HCC, which may present as hypoechoic, isoechoic, or hyper-
echoic areas when compared with the surrounding liver tissue. 
On its basis, the use of contrast-enhanced ultrasound (CEUS) has 
been recommended by the World Federation for Ultrasound in 
Medicine and Biology (WFUMB) and the European Federation of 
Societies for Ultrasound in Medicine and Biology (EFSUMB) [20], 

A B

Figure 6.  The time-intensity curves of the mouse liver tissue histology including the liver tumor and liver parenchyma in the fourth 
and sixth week. (A) Time-intensity curve of the liver tumor tissue (green line) and the liver parenchyma (red line) in the 
fourth week. (B) Time-intensity curve of the liver tumor tissue (green line) and the liver parenchyma (red line) in the sixth 
week.

8700
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Xu Z. et al.: 
Mouse xenograft model of human HCC
© Med Sci Monit, 2019; 25: 8694-8703

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



for the diagnosis of focal liver lesions using contrast imaging. 
The typical CEUS imaging appearance of HCC is enhancement 
during the arterial period, together with rapid washout of the 
contrast agent during the portal venous or late period [21]. 
These findings are consistent with the imaging appearance 
found in the HCC mouse model reported in the present study. 
In the HCC mouse model, peak intensity (PI), and area under the 
curve (AUC) were the two parameters which reflected the blood 
perfusion volume. However, the sensitivity of positron emis-
sion tomography (PET) for the diagnosis of HCC is only about 
50% [22], and the standardized uptake values (SUVs) are low-
er when the tumor size is smaller. However, PET but be used to 
scan the whole body to detect metastases. Other imaging tech-
niques that are also suitable for use in animal xenograft models 
include X-rays, computed tomography (CT), and magnetic reso-
nance imaging (MRI). In 2017, Li et al. [23] used synchrotron ra-
diation-based X-ray imaging in a similar liver tumor model and 
analyzed tissue characteristics and neovascularization without 

the use of contrast agent. This imaging method obtained a clear 
tumor microvascular density and included 3D reconstruction of 
tumor samples, with detection of vessels as small as 20 µm [23]. 
However, this imaging method may not be suitable for clinical 
use due to the high levels of radiation involved.

HCC is a hypervascular malignancy. Detection of vascular en-
dothelial growth factor (VEGF) and measurement of microves-
sel density (MVD), are commonly used to evaluate HCC. VEGF 
expression promotes tumor angiogenesis, mitogenesis, and 
vascular permeability [24]. Tumor recurrence and metastasis 
may also be predicted by measuring the expression levels of 
VEGF [25]. CD31 and CD34 are endothelial antigens that facil-
itate endothelial cell adhesion and are also markers for angio-
genesis in malignant tumors [26,27]. Also, a-smooth muscle 
actin (a-SMA) is a marker for vascular maturation and integri-
ty and is present in the stromal fibroblasts and myofibroblasts 
of solid tumors, including HCC [28].

A

C

B

D

Figure 7.  Photomicrographs of the histology and immunohistochemistry of the mouse liver tissue and the orthotopic liver tumor 
transplantation. (A) Immunohistochemistry shows the localization of vascular endothelial growth factor (VEGF) expression 
around the nests of cancer cells (brown). (Original magnification, ×200). (B) Immunohistochemistry shows the localization 
of a-smooth muscle actin (a-SMA) expression around the fibroblasts and myofibroblasts (brown). (Original magnification, 
×200). (C) Immunohistochemistry shows the localization of CD31 expression in the tumor tissue microvessels (brown), 
located between the malignant cells. The microvessel density (MVD) index could be calculated from the immunostaining. 
(Original magnification, ×200). (D) Immunohistochemistry shows the localization of CD34 (brown), with an expression 
pattern similar to CD31, but with stronger immunopositivity. The microvessel density (MVD) index could be calculated from 
the immunostaining. (Original magnification, ×200).
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The major technical innovation of the animal model presented 
in this study is the use of the liver orthotopic xenografts, derived 
from a human HCC cell line, which were initially grafted in the 
mouse subcutaneous tissue. The advantages of this approach 
include the short experimental period, good reproducibility, 
high tumorigenicity, and similar biological characteristics be-
tween the liver tumors and human HCC. This model also includ-
ed the development and progression of the HCC from tumor 
growth, to angiogenesis and tumor invasion, to metastasis to 
sites that included bone. Therefore, this model has the poten-
tial for future studies in tumor biology, the effects of carcino-
gens, and the effects of potential anti-cancer agents during 
drug development, including molecular targeted therapy and 
immunotherapy. In the past decade, studies have used simi-
lar mouse models to evaluate the efficacy, toxicity, and dos-
ing of new drugs [29,30]. In this study, we demonstrated that 
this model could be used in combination with real-time vas-
cular imaging technology using CEUS.

However, this study had several limitations. In the study pe-
riod used, the model showed metastases to bone but did 
not develop other systemic metastases; for example, in the 
lung [31]. Also, we selected highly aggressive cells from the 
human HCCLM3 HCC cell line. The mice were at an early age, 

which might have influenced tumor development. Other fac-
tors that might have influenced the model include the du-
ration of the cell passages, which could have been reduced, 
and the duration of the study (six weeks), as a more extend-
ed study period may have resulted in more systemic metas-
tases. Also, the use of immunodeficient mice that do not have 
the native characteristics of humans with HCC may have af-
fected tumor behavior. Further studies should be conducted 
to examine the effects on this model of varying the duration 
of cell passage, the duration of the study, and the use of dif-
ferent human HCC cell lines that have a range of cell differen-
tiation and malignant behavior.

Conclusions

This study aimed to develop a nude mouse model of ortho-
topic liver transplantation of HCCLM3 human hepatocellular 
carcinoma (HCC) cell xenografts and the use of imaging and 
histology to evaluate tumor development and progression. 
The nude mouse orthotopic liver transplantation model of hu-
man HCC was shown to be a reliable model that has the po-
tential for future research on the pathogenesis and progres-
sion of HCC and studies on drug development.
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