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Abstract

AIM: To study the distribution and stability of antisense
oligodeoxynucleotide (ASODN) in Walker-256 cells and
their distribution in liver, lung and kidney tissues after
being infused alone or mixed with lipiodol via hepatic artery
in a rat liver tumor model.

METHODS: 5’-Isothiocyananate (FITC)-labeled vascular
endothelial growth factor (VEGF) ASODN was added
into Walker-256 cell culture media. Its distribution in
cells was observed by fluorescence microscope at
different time points. Walker-256 carcinosarcoma was
transplanted into Wistar rat liver to establish a liver
cancer model. 5’-FITC-labeled VEGF ASODN mixed
with (mixed group, n = 6) or without (TAI group, n = 6)
ultra-fluid lipiodol was administrated via hepatic artery.
Frozen samples of liver, lung and kidney tissue were
taken from rats after 1, 3 and 6 d, respectively. The
distribution of ASODN was observed under fluorescent
microscope.

RESULTS: ASODN could enter cytoplasm within 2 h and
nuclei within 6 h. Accumulation of ASODN reached the
peak point in nuclei at 12 h, and then disappeared
gradually. No fluorescence could be seen in cells at
48 h. In vivo experiment, on d 1 and 3 the fluorescence
staining in liver was stronger in mixed group than in TAI
group and more fluorescence could be detected in lung
and kidney in TAI group than in mixed group. On d 6, no
fluorescence could be detected in TAI group, but faint
fluorescence could be seen in mixed group. ASODN could
be seen in cancer cells and normal hepatic cells. In
mixed group, ASODN was mainly distributed in liver
tumor tissues.

CONCLUSION: ASODN can transfect Walker-256 cells.

ASODN mixed with lipiodol infusion via hepatic artery can
be used in the treatment of HCC.
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INTRODUCTION

Angiogenesis plays an important role in tumor progression
and metastasis. One of the key mediators of angiogenesis
is vascular endothelial growth factor (VEGF)[1-4]. It is
overexpressed and secreted by the majority of human and
animal tumors. Hepatocellular carcinoma (HCC) is one of
the most common cancers in China. It is a hypervascular
cancer and easy to metastasize. Recent studies indicate that
VEGF is overexpressed in HCC tissues and positively related
with progression and metastasis[5-7].

Antisense oligodeoxynucleotides (ASODNs) are short
synthetic DNA molecules, their sequences are complementary
to those present in specific target mRNA within cells. They
can bind to target mRNA and block gene expression. They
are becoming the focus of attention as a tool for down-
regulation of gene expression that contributes to disease
states[8]. It was reported that VEGF ASODN inhibits VEGF
expression of cultured tumor cells and growth of implanted
tumors in nude mice and is a potential drug to inhibit angiogenesis,
prevent recurrence and metastasis of HCC[9-11]. However,
there is no satisfactory method to deliver ASODN into the
target tumor tissue and cells. Systemic administration of
ASODN needs a high dosage, causes many side effects,
and has no organ specificity for gene transfection[12-15].
Hepatic artery infusion (HAI) of ASODN can result in
transfection organ or tumor tissue specificity; reduce the
dosage and side effects. However, the time of ASODN
action with tumor cells is transient and the transfection
efficiency is still low.

Lipiodol is a common liquid embolic agent for transcatheter
hepatic artery embolization for HCC. It stays in tumor tissue
for a long period of time (several months), is absorbed by
tumor cells[16,17], and acts as a carrier of chemotherapeutic
agents to maximize the concentration and exposure time in



the tumor. We assumed that ASODN and lipiodol mixture
infused via hepatic artery could enhance its transfection
efficiency. In this study, we compared the different
distributions of  ASODN in Walker-256 carcinosarcoma
liver transplantation model after infusion of ASODN alone
or mixed with lipiodol via hepatic artery.

MATERIALS AND METHODS

Oligodeoxynucleotides (ODN)
Phosphorothioate ASODN with 5’ end labeled with
fluorescein isothiocyanate (FITC) was synthesized by
Shanghai Sangon Biological Engineering Technology and
Service Co., Ltd. Its sequence is 5’-GCA GTA GCT GCG
CTG ATA GCG C-3’, complementary to the exon 3 area
of VEGF mRNA.

Cellular experiments
Walker-256 carcinosarcoma cells were purchased from
China Center for Type Culture Collection. After recovery,
the cells were inoculated into the abdominal cavity of male
pathogen-free Wistar rats, weighing 100-120 g (Department
of  Experimental Animals, Tongji Medical College). Three
days later, 0.2 mL of cancerous ascites was aspirated and
cultured in RPMI-1640 containing 5 mL/L fetal calf
serum (FCS) (Gibco, Grand Island, NY) and equilibrated
with 950 mL/L air and 50 mL/L CO2. Cells were passaged
every 2 d. After the 3rd passage, cells were seeded into a 24-
well plate at 1×103/well (100 L/well), cultured with 33 g
(20 L) FITC-ASODN at 37 ℃ in a humidified atmosphere
containing 950 mL/L air and 50 mL/L CO2. At 2, 6, 12,
24, 36 and 48 h, the cells were harvested, washed with non-
serum medium thrice, dropped onto a slide, and then the
FITC-ASODN cellular distribution was observed under a
fluorescence microscope (Olympus, Japan).

Transplantation liver cancer model in rats
Tumor implantation was performed using a technique
described by Li et al. Briefly, Walker-256 carcinosarcoma
cells were inoculated subcutaneously into the right flank of
Wistar rats with 1×107 tumor cells in approximately 0.1 mL of
cell suspension. The tumor was palpable 7 d after inoculation.
Fresh tumor tissue was isolated and cut into 1-mm3 sections.
The recipient animal was laparotomized through a midline
abdominal incision under intraperitoneal anesthesia with 1%
pentobarbital sodium (30 mg/kg body weight). The left lateral
lobe of the liver was protruded out of the abdominal cavity
and a subcapsular tunnel about 3-5 mm in depth was made
by a fine-point tweezers. Then a solid tumor fragment was
inserted into the subcapsular tunnel and fixed with a small
piece of gelfoam on the liver surface. The abdominal cavity
was closed, and the rat was bred. One week later, a
transplanted tumor 0.5-1 cm in diameter grew in the left
lobe of liver.

Catheterization of hepatic artery
Ten days after the implantation, another midline abdominal
incision was made under intraperitoneal anesthesia. The
common hepatic artery, gastroduodenal artery and right
hepatic artery were isolated under a binocular operative

microscope (Suzhou Medical Instruments Factory, Jiangsu,
China). Through an arteriotomy of the gastroduodenal
artery, the gastroduodenal artery was catheterized retrograde
for drug infusion with a Portex PE10 tube (inner diameter
0.28 mm, external diameter 0.61 mm, Neolab, Germany)
and temporarily fixed by a suture.

Animal group and ASODN infusion
Twelve tumor-bearing rats were divided into TAI group
and mixed group, six rats each. TAI group received 165 g
FITC-ASODN diluted with 0.2 mL PBS and mixed group
received 165 g FITC-ASODN mixed with 0.2 mL lipiodol
(Lipiodol UltraFluid, Andre Guerbet, Aulnay-sous-Bois,
France). The drugs were infused retrograde into the
gastroduodenal artery through the PE10 tube, while the
common hepatic artery and right hepatic artery were
temporarily ligated. Ten minutes after drug infusion, the
tube was pulled out, the gastroduodenal artery was ligated,
the common hepatic artery and right hepatic artery were
untied and the abdominal wall was closed.

ASODN distribution
On d 1, 3 and 6 after drug administration, two animals in
each group were killed at each time point. The liver tumor
tissue, adjacent normal liver tissue, lung and kidney tissue
samples were excised and frozen in liquid nitrogen and
stored at -70 ℃. Frozen sections (5 m in thickness) were
cut and observed under a fluorescence microscope.

RESULTS

Cellular uptake and distribution of FITC-ASODN
At 2 h after Walker-256 cells were cultured with FITC-
ASODN, granular fluorescence was detected in cytoplasm,
and no fluorescences were detected in nuclei. At 6 h
fluorescences in cytoplasm became denser and granular
fluorescences were seen in nuclei. At 12 h fluorescences in
cytoplasm and nuclei reached the peak. Then fluorescences
disappeared gradually. No fluorescences could be seen in
cells at 48 h (Figure 1).

Distribution of FITC-ASODN in rat liver tumor model
In mixed group, on d 1, fluorescences were detected mainly
in liver tumor tissues and heavily stained with deep-yellow
color. The delimitation of cells was hard to identify. Some
peri-tumor zone also contained fluorescences. In lung and
kidney tissues, the fluorescence was stained lightly. Piece-
like fluorescence stain could be detected in some small areas
of the lung tissues. On d 3, fluorescences in tumor and
peri-tumor tissues became less, were mainly distributed in
tumor tissue and could be found in most tumor cells. On d 6,
fluorescences in tumor and peri-tumor tissues became further
less, but fluorescences were still seen. Faint fluorescences
were seen in lung and kidney on d 3 and 6 (Figure 2A).

In TAI group, fluorescences were dense in liver tumor
and peri-tumor tissue, lung and kidney tissues on d 1, and
then decreased gradually. No fluorescence was seen on d 6.
The fluorescences in liver tumor and peri-tumor tissue in
TAI group were much less than those in mixed group at
each time point (Figure 2B).
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DISCUSSION
ASODN is a new therapeutic agent for HCC treatment. It
binds specifically to mRNA via Watson-Crick base pair
interaction and blocks the translation of corresponding
proteins[9]. It can penetrate cell membrane and achieve
appropriate concentration in the correct intracellular
compartment (cytoplasm or nucleus)[18]. Tumor cell is the
target cell of most designed ASODNs, such as VEGF
ASODN. How to efficiently deliver ASODN to liver tumor
cells remains to be solved[19]. Systemic intravenous injection
is the routine route for ASODN administration. Studies of
the distribution and metabolism of ASODN revealed that
ASODN delivery has no organ specificity, ASODN stays
in liver transiently, and high dose is required for transfection
of hepatic cells[20-23]. Graham et al[24,25] reported that after a
10 mg/kg ASODN bolus, intracellular drug levels in liver
reached the peak at 8 h and diminished significantly
thereafter. Nonparenchymal (Kupffer and endothelial) cells
contain approximately 80% of the total organ cellular dose,
while the remaining 20% is associated with hepatocytes. At
doses lower than 25 mg/kg, hepatocytes contain significantly
less drug with no detectable ASODN in nuclei. Doses at or
above 25 mg/kg appear to saturate nonparenchymal cell
types, whereas hepatocytes continue to accumulate drugs

in all cellular compartments, including nuclei. A higher dose
of ODN may result in more side effects such as dose-
dependent hypotension, complement activation, and
transient prolongation of thromboplastin time[12-15].
Transcatheter artery infusion (TAI) can enhance the
concentration of therapeutic gene, realize gene transfection
in target organ selectively, and reduce dose and side effects.
This administration route has been widely used in experimental
and clinical gene therapies for brain tumor[26], coronary
artery occlusive diseases[27], etc. However, as for the liver
tumor treatment, the action ASODN on HCC cells is still
transient, the transfection efficiency is still low, and the in
vivo distribution of ASODN in liver and other organs after
HAI has not been reported.

Most HCCs are hypervascular tumors. Their blood
supply mainly comes from hepatic artery. Lipiodol can
selectively accumulate in HCC when it is injected into the
hepatic artery. The mechanism of selective retention of
lipiodol in HCC includes the “siphoning effect” of tumor
vessels resulting in lipiodol flowing into tumor vessels, the
electrostatic difference between lipiodol and cancerous
endothelia, transcapillary leak coupled with lack of lymphatic
and Kupffer cell’s clearance of lipiodol in HCC, membranous
attachment of lipiodol to tumor cells, pinocytosis of lipiodol

Figure 1  Distribution of FITC-ASODN in Walker-256 cells.
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by tumor cells[18]. Lipiodol is a common liquid embolic
agent and used as a carrier of chemotherapeutic agents for
transcatheter artery chemoembolization of HCC.

In this study, ex vivo cell culture experiment indicated
that ASODN could enter the cytoplasm and nuclei of
Walker-256 cell and stay in a short period of  time (about
36 h). In in vivo animal experiment, we found that ASODN
mixed with lipiodol could transfect and enter into tumor
cells and adjacent normal hepatic cells, mainly in tumor
cells, and stay for more than 5 d. However, in TAI group,
the distribution of ASODN in tumor and adjacent tissues
showed no difference, and the retention of ASODN in
liver tissue was less and shorter (about 3 d) than that in
mixed group. The concentration of ASODN in lung and
kidney tissue in mixed group was lower than that in TAI
group on d 1. These findings indicate that ASODN can
transfect normal hepatic cells and tumor cells without
specificity, lipiodol can act as a carrier of ASODN to make
it mainly distribute in tumor tissue, ASODN mixed with
lipiodol can slowly diffuse into tumor tissue, act a longer
period of time with tumor cells, thus enhancing the
transfection rate and minimizing the distribution of
ASODN in organs outside the liver.

In mixed group, piece-like fluorescence stained areas
were seen in liver tissue on d 1. This is because FITC-
ASODN does not release from lipiodol at that time. We
also found piece-like fluorescence stain in some area of the
lung on d 1. This is because the mixed ASODN and lipiodol
enter the pulmonary artery and stay there.

ASODN mixed with lipiodol can enter tumor cells, but
its mechanism is not clear. It may be due to the following
points: (1) ASODN can release from lipiodol; (2) tumor
vessels are immature, lack tunica media, and the gaps
between endothelial cells are wide, leading to leak of
ASODN and lipiodol into extracellular space easily; (3)
lipiodol and ASODN can be absorbed by tumor cells.

In conclusion, ASODN mixed with lipiodol infusion via
hepatic artery can be used in the treatment of HCC.
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