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Abstract

AIM: To improve the outcome of orthotopic transplan-
tation in a mouse model, we used an absorbable gela-
tin sponge (AGS) in nude mice to establish an ortho-
topic implantation tumor model.

METHODS: MHCC-97L hepatocellular carcinoma (HCC)
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cells stably expressing the luciferase gene were injected
into the subcutaneous region of nude mice. One week
later, the ectopic tumors were harvested and transplant-
ed into the left liver lobe of nude mice. The AGS was
used to establish the nude mouse orthotopic implanta-
tion tumor model. The tumor suppressor gene, paired
box gene 5 (PAX5), which is a tumor suppressor in HCC,
was transfected into HCC cells to validate the model.
Tumor growth was measured by bioluminescence imag-
ing technology. Semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR) and histopathology
were used to confirm the tumorigenicity of the implant-
ed tumor from the MHCC-97L cell line.

RESULTS: We successfully developed an orthotopic
transplantation tumor model in hude mice with the use
of an AGS. The success rate of tumor transplantation
was improved from 60% in the control group to 100%
in the experimental group using AGS. The detection of
fluorescent signals showed that tumors grew in all live
nude mice. The mice were divided into 3 groups: AGS-,
AGS+/PAX5- and AGS+/PAX54+. Tumor size was signifi-
cantly smaller in PAX% transfected nude mice compared
to control mice (P < 0.0001). These fluorescent signal
results were consistent with observations made during
surgery. Pathologic examination further confirmed that
the tissues from the ectopic tumor were HCC. Results
from RT-PCR proved that the HCC originated from
MHCC-97L cells.

CONCLUSION: Using an AGS is a convenient and ef-
ficient way of establishing an indirect orthotopic liver
transplantation tumor model with a high success rate.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common types of malignant tumors'™”, Thus, establish-
ing appropriate animal models is critical to promote our
understanding of the moleculat, cellular and pathophysi-
ological mechanisms of HCC, and is essential for the de-
velopment of new therapeutic strategies. Most HCC pa-
tients are diagnosed at an advanced stage when available
treatments are ineffective. The ideal HCC animal model
should display similarities to the human disease and ac-
curately recapitulate the disease with a high success rate'".,
Currently, the most commonly employed models of
HCC are xenograft models, including subcutaneous and
orthotopic transplantation in nude mice’””. Orthotopic
transplantation of liver tumors allows the development
of tumor metastases and provides relevant sites for host-
tumor interaction and a microenvironment. Although
this method is well accepted, its use is still quite limited.
This is because construction of the model is complex,
and a high level of technical skill is required. This model
would be more popular if the surgical procedure could
be simplified.

The goal of this study was to investigate the value of
using an absorbable gelatin sponge (AGS) in HCC ortho-
topic transplantation, compatred with the routine proce-
dure. Previous research has shown that paired box gene
5 (PAX5) acts as a tumor suppressor in the development
of HCC"". Therefore, in this experiment, we also over-
expressed P4X5 in the xenograft tumor to validate the
efficiency of the liver orthotopic transplantation tumor
model in real time.

MATERIALS AND METHODS

Cell line

The human hepatocellular carcinoma cell line MHCC97L
(a kind gift from the Liver Cancer Institute, Fudan Uni-
versity) was used in this study. Cells wete maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco
BRL, Rockville, MD, United States) with 10% fetal bo-
vine serum (Life Technologies, Carlsbad, CA, United
States), 100 mg/mL penicillin G, and 50 pg/mL strep-
tomycin (Life Technologies) at 37 'C in a humidified
atmosphere containing 5% CO2. MHCCY7L cells stably
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expressing the luciferase gene were constructed.

PAX5 expression plasmid construction and transfection
Complementary DNA corresponding to full-length PAX5
was obtained by reverse transcription-polymerase chain re-
action (RT-PCR) amplification of normal human stomach
cDNA with primers specific to PAX5. The PCR aliquots
were subcloned into the mammalian expression vector
pcDNA3.1-TOPO TA (Life Technologies)"". Either pcD-
NA3.1 or pcDNA3.1-PAX5 was transfected into MHC-
C97L cells using Lipofectamine 2000 (Life Technologies).
Positive clones were selected in DMEM supplemented
with G418 at a concentration of 500 ug/mlL.

Animal model

MHCCY7L cells (1 X 10" cells in 0.1 mL PBS) transfected
with PAX5 or pcDNA3.1 were subcutaneously injected
into the dorsal left flank of 4-wk-old male Balb/c nude
mice (1/gtoup); the body weight of all mice was between
12 and 15 g. Six-week-old athymic male Balb/c nude
mice weighing 16-18 g were used for xenograft tumor
transplantation. The nude mice were obtained from the
Chinese University of Hong Kong Laboratory Animal
Service Center and maintained under specific pathogen
free (SPF) conditions. All experimental procedures were
approved by the Animal Ethics Committee of the Chi-
nese University of Hong Kong.

Establishment of an orthotopic transplantation tumor
model of HCC in nude mice
An orthotopic HCC mouse model was established to
determine intrahepatic tumorigenicity. Subcutaneous tu-
mors were harvested when they reached 1 cm in diameter
and were cut into pieces under aseptic conditions. After
washing with PBS, the tumors were rinsed in DMEM.
Only intact pieces were chosen for further study. After re-
moving thanatosis tissues, the tumors were cut into cubes
1 mm’ in size. One piece was then implanted into the
left liver lobe of each mouse. The mice were divided into
3 groups. The ten mice in group I were operated with-
out an AGS. The wounds were sutured using VICRYL
Plus Suture 5-O (Ethicon Inc, Somerville, NJ, United
States) Absorbable gelatin sponges were used in groups
II and 1. The mice in groups I (#» = 6) and Il (# = 0)
underwent tumor transplantation with or without 2AX5
expression. Intraperitoneal anesthesia was administered
using 20 g/ pentobarbital sodium at 0.04 mL per gram
body weight. Once anesthetized, the mice were fixed on
an experiment board in the supine position. After steril-
izing with 70% alcohol, a 2 mm transverse incision was
made below the xiphoid, which was perpendicular to the
median line and was 1-1.5 cm long, The left liver lobes
were carefully pulled out of the abdominal cavity with a
sterile cotton swab. A 0.2 cm incision was made in Glis-
son’s capsule to serve as the transplantation site. The tu-
mor tissue mentioned above was transplanted into recipi-
ent mouse livers using extra-fine forceps.

In group I, a routine procedure was catrried out to
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suture the incision in the liver and stop bleeding, and
homoeostasis was achieved by compression. In group
I and group I, in addition to compression, the trans-
plantation site was further covered by a 5 mm X 5 mm
X 1.5 mm AGS (Nanjing Jinglin Biopharming Co. Ltd.,
Nanjing, Jiangsu, China). The liver was placed back into
the enterocoelia using a sterile cotton swab, and shifting
of the AGS was not allowed. If neither bleeding nor tu-
mor tissue leakage occurred, then the skin was sterilized
with 70% alcohol and the wound sutured with a Plus
5-0 suture line. The average operation time was 10 min.
Following surgery, the mice were kept warm using a heat
lamp and allowed to recover. The recovery period was
reduced from 30 * 5 min to 20 £ 5 min at room tem-
perature. Following recovery, the mice were put back into
their cages and raised under SPF conditions. All mice had
free access to sterilized food and autoclaved water. We
inspected the living conditions of the mice daily.

Mouse tumor bioluminescence imaging

For bioluminescence imaging, the animals were injected
with the luciferase substrate D-luciferin at a dose of 150
mg/kg in 0.2 mL sterile isotonic saline.

Liver tumor growth rates were monitored using the
Xenogen International Veterinary Information Service
(IVIS) imaging system every week for 3 wk. All images
were obtained after intraperitoneal injection of luciferin
(100 mg/kg body weight; Synchem, Elk Grove Village,
IL, United States). Ten minutes after injection of luciferin,
nude mice were placed onto the Xenogen IVIS 200 im-
aging stage and were continuously sedated during image
acquisition. Image analysis and bioluminescence quantifi-
cation were performed using Living Image software (Cali-
per Life Sciences, Hopkinton, MA, United States). Once
imaging was complete, each animal was removed from the
Xenogen IVIS 200 imaging stage, placed on a heated plat-
form in its original cage and allowed to recover. After the
animals had fully recovered from the anesthesia, they were
returned to the specific investigator.

After 3 wk, the mice were sacrificed. Following tumor
excision from the euthanized mice, tumor weights were
measured the same day. A portion of the tumor tissue
was fixed in 10% formalin for subsequent histological
examination, and the remaining tissue was snap-frozen in
liquid nitrogen and stored at -70 C for molecular studies.

Semi-quantitative RT-PCR

Total RNA was extracted from tissues using QIAzol re-
agent (Qiagen, Valencia, CA, United States). cDNA was
synthesized from 2 pg total RNA using Transcriptor Re-
verse Transcriptase (Roche Applied Sciences, Indianapo-
lis, IN, United States). Semi-quantitative RT-PCR analyses
were performed using PAX5 forward primer 5-GTC-
CATTCCATCAAGTCCTG-3” and PAX5 reverse
primer 5 TTGCTGACACAACCATGGCT-3’. B-actin
was used as an internal control for mRNA expression
(5>-GTCTTCCCCTCCATCGTG-3’ and 5°-AGGGT-
GAGGATGCCTCTCTT-3).
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Histologic evaluation

Formalin-fixed tumor was embedded in paraffin, and 4
pum sections were cut and stained with hematoxylin and
eosin (HE) as previously described".

Statistical analysis

Data were presented as mean £ SD. A repeated measures
analysis of variance was used to compare the differences
between groups. All analyses were performed using SPSS
software (version 13.0, Chicago, IL, United States). Statis-
tical significance was accepted at the level of P < 0.05.

RESULTS

One day after surgery, only six of ten mice in group
I (without AGS) were alive after transplantation. The
survival rate using the routine suture method was only
60%. In contrast, all mice in groups Il and Il were alive
and recovered well. From the 7th day after surgery, the
nude mice were scanned in the Xenogen IVIS 100 im-
aging system for a total of 3 wk. Fluorescence signals
showed that transplanted tumors grew in all nude mice
(Figure 1).

The fluorescence signal intensity was related to tumor
size. The signal intensity steadily increased from the sec-
ond week to the fourth week. Tumor size was significant-
ly smaller in the RAX5-transfected nude mice from group
I compared to the vector control mice from group II
(P < 0.0001) (Figure 2). This indicated that P4X5 gene
expression inhibited tumor growth in nude mice (Figure
3). The area around the tumor and the surrounding tis-
sues was euangiotic, and adjacent organs were strongly
adhered.

HE staining further confirmed tumorigenesis of the
liver tissue (Figure 4). Tumor tissue characteristics includ-
ed atypia, big core, dark color, different cell size, irregular
form, and nuclear division. Many of these characteristics
were similar to those of the original cancer cells.

RT-PCR results showed that no PAX5 expression was
observed in the tissue from group 1II, and all the tissues
from group IIl had a high PAX5 mRNA level. This dem-
onstrated that the HCC cells originated from MHCC-97L
cells transfected with or without the P4X5 expression
plasmid (Figure 5), and the orthotopic liver tumor model
was successfully established. We did not detect any intra-
hepatic or abdominal metastases.

DISCUSSION

Currently, the most common way of producing liver
orthotopic tumor models is either by implantation of an
established subcutaneous tumor harvested from another
nude mouse, or by injecting tumor cells directly into the
liver®”. Both strategies require surgery following liver
exposure. The tumor cell injection animal model is more
relevant to clinical practice; thus, it can be a useful re-
search model for lymph node metastasis . However, the
technical difficulty associated with this model is that it is
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Figure 1 Representative images of fluorescence signals in nude mice
detected by the International Veterinary Information Service system. The
fluorescence signal intensity shows xenograft tumor size.

hatd to control tumor cell leakage during injection. Anal-
yses are complicated by the fact that apparent metastasis
may just be due to leakiness.

In the second method, the goal is to establish a sub-
cutaneous model of human HCC in nude mice, and then
to inoculate the liver in order to establish the orthotopic
transplantation model. The principle is to make the HCC
cells adapt to the environment and grow into tumor tis-
sues, then implant the tumor into the host’s liver. Thus,
the survival rate of the transplanted tumor is supposed to
increase.

Compared with subcutanecous and intraperitoneal
xenografts in nude mice, the properties of invasion and
metastasis in the orthotopic liver tumor model are bet-
ter!™"?, Use of this model is limited due to the need for
a highly complex surgical technique, especially in bleed-
ing control. Routine surgery using incision suture takes
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Figure 2 Harvesting orthotopic liver transplantation tumors. Tumors were
harvested from the mice in groups II and II. Tumor size and weight in the
paired box gene 5 (PAX5) group were smaller than those in the control group (P
<0.0001).
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Figure 3 Tumor growth curve determined by the International Veterinary
Information Service system. The P value was calculated using repeated mea-
sures analysis of variance. PAX5: Paired box gene 5.

a long time. This is one of the reasons why the mice in
group [ had a high mortality rate. If post-operative hem-
orrhage occurred, the mice would probably die, leading
to failure of the long-term experiment. Thus the efforts
to obtain the cell culture, establish a subcutaneous tumor
and orthotopic tumor implantation would be in vain. An
alternative method of achieving homeostasis is by sutur-
ing Glisson’s capsule at the transplantation site. However,
the mouse liver has an abundant blood supply, and the
tissue is fragile and easily crushed. The method is further
complicated by the possibility of bleeding at the suture
site. Therefore, not many laboratory staff are capable
of performing this procedure. To circumvent these dif-
ficulties, we used the AGS. The AGS is commonly used
in surgery to stop minor bleeding at the surgical site. It
is an aseptic solid material that has good deformability.
In our experiment, covering the transplantation site with
an AGS was an easy and effective way of maintaining
homeostasis. The sponge was slowly absorbed and the
cost was minimal. In addition, the sponge prevented the
implanted tumor from moving out of the host’s liver,
increasing the success rate of the experiment. This pro-
cedure was safe, and none of the nude mice experienced
post-operative complications ot mortality, compared
with the high post-operative mortality of 40% in group
I. Importantly, adverse reactions to the sponge were not
observed in normal tissues, as evaluated by HE staining,
The gelatin was gradually absorbed and was absent when
the mice wete sacrificed.
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Figure 4 Liver tissues from nude mice were detected by hematoxylin and eosin staining. A: Liver tumor, x 200; B: Normal liver, x 200.

MHCC97L-vector MHCC97L-PAX5

PAX5

B-actin

Figure 5 Gene expression of paired box gene 5 in liver tumor tissues
of mice in situ which was detected by reverse transcription-polymerase
chain reaction. The expression of B-actin which acted as the internal control
was determined. PAX5: Paired box gene 5.

The horizontal incision made during the operation
should neither be too low nor too small. The optimal
incision should be as small as possible to fully expose the
left liver lobe. If it is too small, the liver could be crushed
when pulled out, or there may not be enough space to
place the AGS into the abdominal cavity. The size of
the sponge should be appropriate-5 mm X 5 mm X 1.5
mm, enough to efficiently stop bleeding and be easily ab-
sorbed.

It should be noted that although we observed a high
post-operative mortality in group I, all mice achieved
homeostasis before closure of the abdominal cavity. One
of the reasons for this high mortality may have been due
to the fast post-operative recovery and frequent activities
caused by pain. Administration of post-operative analge-
sics may reduce pain, thus might lead to a higher survival
rate’™. However, analgesics were not administered in
this study. We would also like to point out that in models
established by the direct injection of cultured human
HCC cells, an AGS may not prevent leakage. In such
models, HCC cells are suspended in medium rather than
forming a solid tumor. The sponge is hygroscopic, thus,
if leakage occurs, the sponge would only aggravate the
leak.

Post-operative evaluation of orthotopic tumors is
also a challenge. Monitoring subcutaneous liver transplan-
tation tumors may be performed either by touch or by
visual inspection. Orthotopic tumors can be monitored
by laparotomy, computed tomography (CT)/magnetic
resonance imaging (MRI)/positron emission tomography
(PET)-CT scanning, or using a high frequency ultrasound

mini-probe. However, there are drawbacks associated
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with each method. Frequent laparotomy may cause se-
vere injury and death in mice. CT/MRI/PET-CT scan-
ning is non-invasive, but the cost is high and is difficult
to perform™ ™), Ultrasonic examination is less expensive,
but analysis of the data requires a skilled operator™ ",
Finally, only some of the above-mentioned methods are
quantitative.

Using the IVIS imaging system, bioluminescence was
non-invasively measured in transplanted subcutaneous
tumors using the IVIS imaging system (Xenogen Cortp,
Alameda, CA, United States) following injection of the
luciferase substrate luciferin. Tumor growth was continu-
ously monitored. According to the bioluminescence data,
tumor growth conditions were analyzed in real time. The
results showed successful tumor transplantation. Histopa-
thology and PCR analyses showed that the transplanted
tumor had the same phenotype as the liver tumor cell line
MHCC-97L. Thus, the orthotopic transplantation tumor
model was successfully established from the subcutane-
ous model of human HCC.

Based on our procedure, this operation has been sim-
plified and can be completed in a very short period of
time. The success rate is high, and reproducibility is good.
Importantly, the model maintained the characteristics of
the original cell line. Inspections were quantified in real
time, and the model can be adapted for general use.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
and is the third leading cause of cancer-related death. The establishment of
appropriate animal models of this disease could help people to understand the
mechanisms driving HCC, leading to potential therapeutics and improvements
in patient survival. An absorbable gelatin sponge was used as an efficient way
of establishing an indirect orthotopic liver transplantation tumor model with a
high success rate.

Research frontiers

It is reported that the conventional surgical method involves the liver capsule
being sutured using microsurgery. Compared with the microsurgical method,
the authors used an absorbable gelatin sponge which prevented bleeding and
tissues being crushed during the experiment.

Innovations and breakthroughs
This is the first report on the use of an absorbable gelatin sponge to cover
the transplantation site in the liver capsule. This experiment showed that the
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absorbable gelatin sponge can be used to constrict the liver and stop bleeding,
and to efficiently cover tumor tissue, thus, avoiding the tumor tissue moving out
of the placement site.

Applications

Using the absorbable gelatin sponge to establish the HCC model is a conve-
nient method for researchers to study HCC. The establishment of an animal
model could provide a new way to perform more successful, convenient and
efficient experiments.

Terminology

An absorbable gelatin sponge is a sterile, absorbable, water-insoluble, gelatin-
base material which absorbs blood and provides an area for clot formation, and
is used for hemostasis during surgery.

Peer review

Authors found a new technique to do HCC animal model experiment. It is easy
to perform and has a high success rate. The study has been well conducted
and provided further validation.
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