
P.O.Box 2345, Beijing 100023,China                                                                                                                                                                          World J Gastroenterol  2003;9(1):69-72
Fax: +86-10-85381893                                                                                                                                                                                                                                 World Journal of Gastroenterology
E-mail: wcjd@public.bta.net.cn     www.wjgnet.com                                                                                                                                Copyright © 2003 by The WJG Press ISSN 1007-9327

• LIVER CANCER •
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Abstract
AIM: The imaging features of MRI and DSA, using the models
of implanted and induced hepatoma, were investigated in rats.

METHODS: CBRH3 cancer cells were implanted for different
liver site of rat liver and the diethylnitrosoamine was given
orally to rats in order to induce liver cancer. Both experimental
groups were detected by magnetic resonance imaging (MRI),
digital subtraction angiography (DSA) and morphologic assay.

RESULTS: Hypointensity on T1WI and homogenous high
signal intensity on T2WI in MRI, and ring-like abnormal stain
on DSA were found in implanted cancer. Induced cancers
appeared as homogeneous or heterogeneous hypointensity
on T1WI (10 cases), and equal or slight high intensity on
T2WI (8 cases), but some as hypointensity on T2WI (2 cases).

CONCLUSION: The imaging features of implanted cancers
were similar to that of human liver metastases. Therefore, it
could serve as an experimental model of human liver metastatic
tumor. The imaging feature of induced cancers, whereas, were
similar to that of human primary liver cancer. It could be use
as an experimental model of human primary liver cancer.
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INTRODUCTION
It is important to investigate the relationship between the
biologic properties of liver tumor and the findings with modern
imaging techniques. MRI affords the possibility in coronal and
sagittal views, which are very helpful in liver surgery because
surgical techniques are described in these planes[1-2]. In addition,
targeted gene therapy, for instance, cytokines gene therapy,
angiogenesis inhibitor and granulocyte-macrophage colony-
stimulating factor (GM-CSF) gene-transduced tumor vaccine
for patients, may be useful in developing anticancer drugs that
prolong or stabilize theprogression of tumors with minimal
systemic toxicities. These drugs may also be used as novel imaging
and radiommunotherapeutic agents in cancer therapy[3-7].
      However, little is known on experimental work of both scan
imaging and liver cancer. The present study, using the model of

implanted and induced hepatoma of rats, was undertaken to
investigate the relationship between the morphologic alterations
and imaging characteristics of magnetic resonance imaging (MRI)
and digital subtraction angiography (DSA), and more to improve
level of diagnostic and treatment for liver cancer. Finally,
interleukin 2 was therapeutic effect on liver tumors[8], so the our
further study of interleukin gene therapy for liver cancer was based
on the present outcome of implanted and induced hepatoma.

MATERIALS AND METHODS
Imaging Instruments
MRI equipment was produced by Siemens AG (1.0 T). Its SE
rank, 128*128 matrix, T1-weighted sequence (T1WI) were
TR/TE 350-480/15 ms; T2-weighted sequence (T2WI) was
TR/TE 2 200/90 ms. Slice thickness was 2 mm and scan space
was 0.5 mm. Both of coronal and sagittal scanning was fulfilled.
Hepatic artery was scanned by DSA (Toshiba DFP-0.3A) with
perfusing iodized oil (Lipiodol). Instruments and drugs were
sterilized routinely.

Animals and Hepatoma cell
Male Wister rats (200-250 g wt) were obtained from Animal
Center of Chinese Academy of Sciences. Animals were maintained
on a standard diet. Cellular strains of hepatoma CBRH3 were
provided kindly by Prof. Xie Hong (Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Science).

Implanted liver cancer model in rat
Hepatoma CBRH3 cells were injected into abdominal cavity
of rat. Rats were sacrificed and tumors were removed from
abdominal cavity 7-9 days late. The tumors were cut into pieces
of 0.05-0.75 cm and then was inoculated into rat liver for one
or more locations respectively. The tumor was grown up to
diameter in 0.6-1 cm after 7-10 days of inoculation.

Induced liver cancer model in rat
Male Wister rats (age for 8 weeks) took orally 1:10 000
diethylnitrosamine for 80 days to induce liver cancer. The
micro-nodules of hepatoma were developed 14 weeks late and
0.2-1 cm of tumor masses were observed 16-18 weeks late.
There were poly-cysts in rat liver. This model was used to
study for poly-nodules of hepatoma. The success rate of
induced cancer was 100 %[9,10].

Experimental procedure
Both of 10 implanted tumor rats (age of 9 days) and 10 induced
tumor rats (age of 16-18 weeks) was divided to experimental
group and control group, randomly. While rats were scanned
by MRI, they were anesthetized by injecting ketamine into
muscle. In addition, the hepatic artery and gastroduodenal
artery were isolated carefully and micro-catheter was inserted
into these artery for injection of iodine oil before DSA[11].

RESULTS
A stable model of rat hepatoma was established by either implanted
tumor with cancer piece or inducing tumor with diethylnitrosamine.
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      Imaging features of the implanted tumors in MRI and DSA
and the pathology:The 10 implanted models showed 18 nodules
of tumor in MRI and DSA. 11 nodules of them were round
shape and 7 of them were ellipse. The margin of tumors was
smooth. Implanted cancer showed homogeneous hypointensity
on T1WI (Figure 1) and homogeneous hyperintensity on T2WI.
The rat liver showed normal signal and normal organ shape.

Figure 1  MR imaging showed low signal on T1WI in implanted
hepatoma of rat

     In DSA, the tumors showed no stain for blood vessels in
the center of tumor (vacancy of vessel) and abnormal ring-
like staining of vessel around tumor. The liver tissues were
normal. Necrosis and colliquational cavity were shown on the
core of tumors in all of 18 tumor mass and the yellow-gray
tissue could be seen in cross section of tumors. The cancer
cells were small or mediate in size with great nucleus. The
parenchyma of liver was normal (Figure2).

Figure 2  Distribution of microscopy (×200) in implanted liver
cancer that abnormal type and arrangement of cancer cell.
There were abundant vascular proliferation and lymphocyte
infiltration growth around tumor

      The scanning pictures of MRI and DSA and the pathological
alteration in induced cancer: Liver cirrhosis with different
degree and multiple nodules of cancer were observed in 10
tumor cases. Eight among 10 tumors showed homogeneous
slight hypo-intensity on T1WI (Figure 3) and inhomogeneous
slight hyper-intensity on T2WI with different shapes, but some
of them were with normal signal or more contrast enhancement
(Figure 4). Two among 10 tumor livers were shown
inhomogeneous slight low signal on T1WI, but equal signal
was found in interval. Hypointensity was observed on T2WI.
     In DSA the distribution of internal hepato-vascularity was
disorder and the angio-clumps were different in sizes in tumor
(Figure 5). Pathology: Tumor liver showed poly-nodules, tumor
diffusion and inequality of size. The tumor was light yellow. In
microscopy examination, distribution of tumor and liver tissue
was in interval. The cancer tissue showed plenty and dilation of
vessel. The cell plasma of cancer was not abundant. The
arrangement of tumor cell was nest and bunch. Liver tissue was

easy for proliferation of nodule with acid-like change and water-
alteration. The dilation of lymphatic tube and the proliferation
of bile duct were shown between hepato-lobule. Hepato-lobule
was divided by proliferation of fibre. The artery and vein were
not distinguished because of dilation of vessel (Figure 6).

Figure 3  Homogeneous slight hypointensity on T1WI was
found in poly-nodules of tumor

Figure 4  Inhomogeneous slight hyperintensity was indicated
on T2WI in different shape, but some of them were showed
normal signal or more contrast enhancement in interval

Figure 5  The disorder of distribution of internal hepato-vas-
cularity was found and the angio-clump showed different size
in tumor in DSA

Figure 6  Distribution of microscopy (×100) in induced liver
cancer that tumor and liver tissue was in interval. There was
plenty and dilation of vessel



DISCUSSION
Characterization of image technique of rat
The available MR image photos were taken because technique
is as follow. (1) Technique of eye surface loop: To avoid
disturbing factors for image definition that focus on the location
of rat liver, this technique was used. (2) Folium technique keeps
away the cabin effect on conceal of small tumor nodules. (3)
False shadow caused by move of body act and breath was
prevented by suitable anesthesia for rats. On DSA image, deep
anesthesia and careful anatomy of hepatic artery with catheter
were necessary. But it is difficulty to puncture femoral artery.
In order to find available condition of exposure time, we try to
test more times[12].

The relation of image and pathology in implanted cancer
The component of tumor is of long longitudinal relaxation time
(T1) and long transverse relaxation time (T2) since the
implanted cancer show low signal on T1WI and equal signal
on T2WI in MRI. Equal signal intensity implies that there are
no tissue component in the core of tumor apart from necrosis,
liquefaction and cystic change. Therefore, the situation of blood
supply was not described due to no-contrast enhancement of
Gadolium-DTPA[13,14].
     On DSA, the imaging of blood vessel around tumor was
found such as folium annularity, whereas central liquefaction
and necrosis were existed in tumor. Thus, cancer cell on the
border of tumor grows actively because of blood supply in
plenty and cancer cell in center of tumor does not grow because
of insufficient blood supply. There is no liver cirrhosis because
signal intensity of liver tissue in MRI and distribution of blood
vessel in DSA are normal compared to normal liver
parenchyma[19].
     Necrosis at core of tumor and the proliferated nodule of
tumor cell were found around blood sinus and dilation of blood
vessel after 9 days of implanted cancer[16,17]. The change in
MRI and DSA was accord to pathology.

The relation of image and pathology in induced cancer
Resent study has suggested that a random clonal origin of
hepatocyte carcinoma from mature hepatocytes is seen in the
diethylnitrosamine model of hepatocarcinogenesis[18].
      Induced cancer is of two different signal intensities including
1. slight low signal intensity on T1WI and slight high signal
intensity on T2WI in 8 cases and 2. inhomogeneous low signal
on T1WI and low signal on T2WI with regular appearance in
2 cases. We hypothesize that both signals is caused by the
difference in hepatoma component and hepatoma cellular
arrange. Amount of fribrocyte, apart from tumor cells, is found
in these 2 cases which result in extended longitudinal relaxation
time (T1) and contracted transverse relaxation time (T2) with
low signal on T1WI and low signal on T2WI. Irregular liver
shape and liver nodule proliferation in deferent degree with
liver cyst could be manifested on MRI because of liver cirrhosis
and degeneration resulting from taking carcinogen for long
time. To differentiate with cirrhosis nodules and tumor nodules,
some investigators reported that the early-enhancing single
nodule with cirrhosis is high predictive to hepatocyte cancer
in patient. This phenomenon is also seen in our data of photo and
microscopy examintion[20,21]. On DAS, the tumor stain is displayed
by reason of disorder of blood vessel and angio-clamp[22].

Comparison imaging of implanted, induced and human
hepatoma
Primary liver cancer  Based on the liver cirrhosis, primary
liver cancer display the slight low signal intensity on T1WI
and equal or slight high signal intensity following extended
echo time without raise of signal in MRI[23]. In DSA, the plenty

amateur vessel is observed[24].
Liver metastases  MRI shows the low signal intensity on
T1WI, high signal on T2WI and annular enhancement by
Gadolium. In DSA, annular staining is displayed without
background of cirrhosis[15].
     Compared with manifestation of MRI and DSA, studies
confirm that implanted hepatoma lead that the signal intensity
is high following the extended echo time and annular staining
around tumor is occurred without liver cirrhosis[25].
      In induced cancer, liver cirrhosis with slight high signal or
low signal due to extended echo time without raise of signal is
observed in MRI. The abundant malignant vessel stain is
indicated that it is similar to human primary liver cancer[26].
     In conclusion, the imaging features of implanted cancers
were similar to human liver metastases in manifestation of MRI
and DSA. Therefor, it could serve as an experimental model
of human liver metastatic tumor. The imaging feature of
induced cancers, whereas, were similar to that of human
primary liver cancer. It could be use as an experimental model
of human primary liver cancer.
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