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Abstract

PURPOSE
To improve the preparation of August Copenhagen Irish(ACI)-rat model suitable for interventional therapy,
and to investigate its 18F-2-�uoro-2-deoxy-D -glucose-Positron emission tomography(FDG-PET) and
magnetic resonance imaging(MRI) features.

METHODS
Morris hepatoma 3924A tumors were implanted in the left lobe of the liver in 20 male ACI rats. FDG-PET
and MRI scans were performed on day 14 after implantation. After that, all the rats were sacri�ced and
samples of tissues were �xed and used for various analyses.

RESULTS
FDG-PET scans showed increased uptake of 18F-FDG of tumor nodules, and no signs of wound and
peritoneal cavity metastases. The average maximum standardized uptake value(SUVmax) in tumors was
4.85 ± 0.86(range, 3.58–6.6) and 0.79 ± 0.42(range, 0.27–1.63) in the surrounding normal liver tissues.
Tumor nodules on MRI were shown to be hypointensity on T1-weighted images and hyperintensity on T2-
weighted images. The average tumor volume was 106 ± 15 mm3. No intrahepatic metastasis or lung
metastasis were found on day 14.

CONCLUSION
FDG-PET is useful in screening the earlier cases with implantation metastasis. MRI is useful in assessing
this interventional model. The tumor model shows a well application for the interventional therapy
experiment.

Introduction
Hepatocellular carcinoma (HCC) is a common malignancy, which is the third leading cause of death in
cancer-related disease[1, 2]. Liver transplantation and radical resection is the currently accepted treatment
of choice in patients who have early stage HCC[3]. The majority of patients present with multiple tumors
or portal vein tumor invasion are treated with transarterial chemoembolization (TACE), and recent
guidelines recommend TACE for those selected patients as a �rst-line treatment[4, 5]. TACE, which
selectively obstructs the tumor vessels, is conventionally performed by intra-arterial infusion of lipiodol or
microspheres, along with chemotherapeutics[6]. However, as patients with advanced HCC treated by
TACE vary tremendously in prognosis, the most valuable treatment modality of TACE deserves
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exploring[7, 8]. Thus, establishing suitable animal experiments mimicking the clinical procedures of TACE
therapy are a pressing need. The Morris hepatoma 3924A tumor model in August Copenhagen Irish(ACI)
rats has been shown to have a high degree of similarity with human HCC, which has been proved to be
hypervascular and mainly supplied by hepatic artery. More importantly, the tumor is demonstrated to be a
poorly differentiated HCC veri�ed by pathology and exhibits the possible usage in the study of TACE[9–
12]. However, by adopting the tumor implantation technique described by Trubenbach J[9], implantation
metastasis in the peritoneum was easily to be observed. We improved the tumor implantation technique
by using a small piece of adipose tissue covering the wound surface and then stitched the wound.
Besides, many experimental studies have shown increased uptake of 18F-2-�uoro-2-deoxy-D –glucose in
malignant tumors with increased glucose utilization. Metabolic imaging of tumors by FDG-PET may be
useful in detecting recurrences and evaluating therapeutic effects[13–15]. So far, experimental TACE
model of ACI rats have not previously been evaluated by 18F-FDG-PET. The goal of this study was to
improve the preparation of ACI -rat TACE model and investigate its 18F-2-�uoro-2-deoxy-D-glucose-
Positron emission tomography(FDG-PET) and magnetic resonance imaging(MRI) features.

Materials And Methods
Animals and tumor cell line

A total of 20 male ACI rats (Slac Laboratory Animal Company, Shanghai) weighing 260±20g were used in
this research. A rat HCC cell line Morris hepatoma 3924A with a rapidly growing characteristics was
applied in this study[9]. The study was approved by our institutional review board.

Anesthesia

All the animals were anesthetized with 1% pentobarbital sodium (30 mg/ kg body weight) injection in the
interventional procedures and iso�urane in all imaging procedures.

Liver implantation

Liver tumor implantation was performed according to a modi�cation procedures reported by Trubenbach
J et al.[9]. Brie�y, 1×107 Morris 3924A cells were injected subcutaneously into one ACI rat to develop
implantation tumor. Two weeks later, the tumor-bearing rat was sacri�ced and the solid tumor was
extracted and diced into small pieces with a tumor volume of about 2mm3. Then another 20 ACI rats were
anesthetized and received an open abdominal surgery. Tumor fragment implantation was performed
under microscope with microsurgical forceps and scissors. In short, a 1cm length of subcapsular incision
was made with the forceps and then the 2mm3 tumor cubes were inserted into the left lateral lobe of the
liver. An eight suture was carefully done for closing the wound, together with a piece of adipose tissue
covering the wound surface. After that, the abdominal wall was closed (Fig. 1).

Imaging analysis
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FDG-PET and MR imaging were performed by using a PET/MR unit (PET/MR; Metis). On day 14, 20
tumor-bearing rats were anesthetized after 12 hr of fasting with sodium pentobarbital. Then the rats
received an intravenous injection of 18F-FDG through the caudal vein(2.4-3.2MBq/kg). The time of
commencement of injection was de�ned as time 0. One bed position that included the heart to the
abdomen was imaged. Dynamic PET images were obtained with an animal PET camera at time 60-90
min. MR imaging was also performed for analyzing tumor sizes. The section thickness was set as 3mm
for both T1-weighted images and T2-weighted images. Section gap was set as 1mm, we did not use any
contrast medium for all the examined animals. We measured the tumor volume in T2-weighted image
and used the following formula: Tumor volume (mm3)=largest diameter (mm) [smallest diameter (mm)]2

/2[16].

Tissue evaluation

When the �nal MRI experiments were �nished, all the animals were euthanized. The tumor-bearing liver
was dissected, and after careful removal from the liver tissue, the tumors as well as the lung tissues were
�xed in 5% formaldehyde solution for histological preparation. The tumor metastases rates were
analyzed.

Results
Characteristics of the rat bearing tumor and histopathological �ndings

Tumor cubes of Morris hepatoma 3924A were successfully implanted in all 20 rat livers. No surgical-
related death was observed in any of the given specimens. The mean tumor volume was 106±15 mm3.
Hematoxylin-Eosin (H&E) staining was performed, and the tumor sections implied a poorly differentiated
HCC, which was characterized by large and abnormal nucleus, and mitotically active. The tumors were
hardly distinguished from the peripheral none tumor tissue because of no obvious capsule. The tumors
were abundant with blood supply, small arteries and capillaries were easily to be seen. No intrahepatic
metastasis or lung metastasis was detectable in any of the 20 rats (Fig. 2).

Tumor imaging

On day 14, FDG-PET were used in all 20 rats. Images were analyzed and maximum standardized uptake
value(SUVmax) were given for all tested animals. The tumors showed an increased uptake of 18F-FDG in
PET imaging. The average SUVmax in rat tumors was 4.85±0.86(range, 3.58-6.6) and 0.79±0.42(range,
0.27-1.63) in the surrounding normal liver tissues. Only one single lesion with FDG positive accumulation
was found in each of the rat liver (Fig. 3). By day 14, lesions in the livers was also detected by MRI, Tumor
nodules implied by MRI were shown to be hypointensity on T1-weighted images and hyperintensity on
T2-weighted images (Figs. 4A and 4B). Necrosis was not found in any of the lesions.

Discussion
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TACE has been shown to be bene�cial for selected patients with unresectable HCC[17], however several
questions remain to be elucidated. There are large variations in survival reported after TACE[18]. TACE
uses arterial obstruction as well as sustained chemotherapeutic effect to induce tumor necrosis. There
are a variety of agents for embolization, such as microspheres, drug-eluting microspheres and lipiodol.
Among them, lipiodol was widely accepted in Asia, especially in China. Until now, no embolic agent has
been widely accepted and used by all hospitals for a lack of consensus. There is still no answers for the
optimal treatment modality of TACE[19]. Therefore, a suitable animal model for TACE therapy will help
resolving those issues.

The ACI-rat TACE model has proved to show a high reproducibility of tumor growth characteristics. The
tumor showed weak metastatic potential and was abundant with blood supply, which was better than the
tumor models of Walker-256 Novikoff hepatoma or VX-2[20–22]. In the present study, we discovered that
the model showed a good potential application prospect for TACE experiments. We concluded that the
tumor around 14 days after implantation was suitable for further TACE treatment, as the tumor had
proper size, hypervascularization and no evident of necrosis. Besides, the model was characterized by
easy to operate and convenient to make and the successful rate of implantation was 100% (20/20).

Abdominal implantation metastasis was easily to be seen in this model in our preliminary experiment,
especially around the wound of the liver. Here, in this study, we improved the tumor implantation
technique described by Trubenbach J al.[9]. We �xed the tumor cube with a small piece of adipose tissue
covering the wound surface and then stitched the wound, thus the tumor fragement was guaranteed to
stay and grow just in the implantation site. Our method was proved to be helpful in avoiding arti�cial
abdominal implantation metastasis. Here in this study, we observed no detectable peritoneal tumor and
abdominal adhesion formation up to day 14 after implantation.

18F-FDG can provide a useful indicator of tumor growth and metastasis because 18F-FDG accumulates in
tumor mass with increased glucose metabolism[15, 23]. Here, our data demonstrated that the tumors
showed an increased uptake of 18F-FDG in PET imaging which was markedly different from the
surrounding liver tissues. Besides, only one single lesion with FDG positive accumulation was found.
Thus, no sign of implantation metastasis was found at the beginning. F DG-PET may be useful for
selecting proper candidates for further treatment of TACE. S.I. Park et al. have shown that FDG uptake
serves as a good screening test to evaluate the feasibility of DEN-induced HCC in a rat liver tumor
model[24]. Researchers have also indicated that FDG-PET could also be used for evaluating treatment
efforts in animal liver cancer. On a rabbit VX2 liver tumor model, FDG uptake was signi�cantly decreased
after transcatheter arterial embolization(TAE) and radiotherapy. Thus FDG-PET was helpful for the early
evaluation of the therapeutic effects on liver tumors[25, 26]. The aim of the present study was to improve
the tumor implantation technique, introduce a noninvasive modality for monitoring the tumors growth
and metastasis conditions and then selecting proper candidates for further TACE therapy. So we did not
operate TACE and the usage of FDG-PET in evaluating the therapeutic effects of TACE was not
investigated, which is absolutely one of the limitations of this study. This should be explored in further
studies.
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In the present research, MR imaging was also used to monitor tumor growth during the experimental
period. With MR imaging we observed, as did Qian J et al.[12], the tumors were shown to be hypointensity
on T1-weighted images and hyperintensity on T2-weighted images, which was similar to those of the
human hepatocellular carcinoma. On day 14, the mean tumor size measured by MR imaging was 106 ± 
15 mm3 and no necrosis was observed, which is similar to the results of the others[10]. Hence, the tumor
has a proper growth rate and is suitable for further TACE treatment.

Although the ACI-rat TACE model has proven to be valuable employed in the animal research of TACE,
some limitations remained. First, the tumor is still a fast-growing tumor and the average life span of the
tumor bearing rats is short. It is not suitable for evaluating the long-term effect of TACE. Second, the
Morris 3924A tumor shows little metastatic spread. In this study, we observed no peritoneal metastasis,
satellite liver nodules or lung metastasis. Thus, this model may not be suitable for researches on the
metastasis potential of residue tumor after TACE.

In conclusion, the ACI-rat TACE model shows similar characteristics of human HCC. FDG-PET and MR
imaging are useful in optioning and evaluating the model. It is strongly recommended to be widely used
in the study of TACE.
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Figure 1

Plot illustrates the tumor implantation in the left lobe of rat liver



Page 11/12

Figure 2

Plot illustrates the tumor and normal liver tissue. H&E X100
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Figure 3

Plot illustrates a high uptake lesion by using the FDG-PET

Figure 4

Plot illustrates MR imaging of the tumor. 14 days after the implantation, MR demonstrate a node with
clear shape, hypointensity on T1-weighted (A) and hyperintensity on T2-weighted (B);


