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Abstract

AIM: To explore the cooperative effects of antisense
oligonucleotide (ASON) of cell adhesion molecules and
cimetidine on the expression of E-selectin and ICAM-1 in
endothelial cells and their adhesion to tumor cells.

METHODS: After treatment of endothelial cells with ASON
and/or cimetidine and induction with TNF-a, the protein
and mRNA changes of E-selectin and ICAM-1 in endothelial
cells were examined by flow cytometry and RT-PCR,
respectively. The adhesion rates of endothelial cells to tumor
cells were measured by cell adhesion experiment.

RESULTS: In comparison with TNF-a inducing group, lipo-
ASON and lipo-ASON/cimetidine could significantly decrease
the protein and mRNA levels of E-selectin and ICAM-1 in
endothelial cells, and lipo-ASON/cimetidine had most
significant inhibitory effect on E-selectin expression (from
36.37+1.56% to 14.23+1.07%, P<0.001). Meanwhile,
cimetidine alone could inhibit the expression of E-selectin
(36.37£1.56% vs 27.2+1.31%, P<0.001), but not ICAM-1
(69.34+2.50% vs 68.07+2.10%,P>0.05)and the two kinds of
mMRNA, either. Compared with TNF-a inducing group, the rate
of adhesion was markedly decreased in lipo-E-selectin ASON
and lipo-E-selectin ASON/cimetidine treated groups(P<0.05),
and lipo-E-selectin ASON/cimetidine worked better than
lipo-E-selectin ASON alone except for HepG2/ECV304 group
(P<0.05). However, the decrease of adhesion was not
significant in lipo-ICAM-1 ASON and lipo-ICAM-1 ASON/cimetidine
treated groups except for HepG2/ECV304 group (P >0.05).

CONCLUSION: These data demonstrate that ASON in
combination with cimetidine in vitro can significantly reduce
the adhesion between endothelial cells and hepatic or
colorectal cancer cells, which is stronger than ASON or
cimetidine alone. This study provides some useful proofs
for gene therapy of antiadhesion.
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INTRODUCTION

Previous researches have shown that recurrence and metastasis
of cancer are closely related to the adhesion between tumor
cellsand endothelia cells. A variety of cell adhesion molecules
(CAM) induced by cytokinessuch asIL-b and TNF-a released
by tumor cells, promote the adhesion. Therefore, how to inhibit
the adhesion is worth of study.

Antisense oligonucleotide (ASON) technique is a new
alternative of gene therapy. ASONS are short synthetic
oligonucleotides (10 to 25 basesin length) designed to hybridize
to RNA (sense strand) that encodes the protein of interest. On
binding to an MRNA, the oligonucleotide may inhibit the
expression of target protein by multiple mechanisms,
exhibiting an important significance in antivirus and cancer
treatment researched®“. Phosphorothioate oligonucleotides
have a sulfur substituting for one of the nonbridging oxygens
in the phosphate backbone, markedly enhancing the stability
aganist cellular and serum nucleases®®. E-selectin, an early
expressed CAM, and intercellular adhesion molecule-1
(ICAM-1), alate expressed CAM, are important proteins that
mediate cell adhesion. Relevant studies on antiinflammation
or antiadhesion using ASON have aroused increasing
attention'™,

Cimetidine, akind of H2R antagonist, has been shown to
improve the survival of patients with colorectal cancer,
melanoma, and renal cell cancer. Other H2R antagonists
including ranitidine and famotidine did not have such an
effect*®1Y indicating that cimetidine may exert its effect by
enhancing the host immune response against tumor cells*? or
by blocking the cell growth-promoting activity of histamine®3,
but not directly via histamine antagonism.

The key of anti-metastatic therapy lies in the complete
inhibition of metastasis, because even if one metastatic colony
is formed in an organ, it may result in death of the host
eventually. Combined treatment may be an effective way to
reach the goal. On the basis of previous work, we investigated
the combined inhibitory effects of E-selectinor ICAM-1 ASON
and cimetidine on tumor cell adhesion to provide data for
further animal experiment and potential clinical application.

MATERIALS AND METHODS

Materials

Human endothelial cell line ECV 304, hepatic cancer cell lines
HepG2 and BEL 7404 and colorectal cancer cell line Ls-174-t
were purchased from the Cellular Biology | nstitute of Chinese
Academy of Sciencesand grownin DF medium (DMEM: Ham' s
F12=3:1) containing 100 mL- L*fetal calf serum, penicillin
1x10°U- L"*and streptomycin 100 mg- L. Transfection kit
TransFast™ liposome, Tag enzyme, RT-PCR kit and marker
were from Promega. Mouse anti-human ICAM-1 mAb and E-
selectin mAb were from Lab Vision. RNA extract (Trizol) was
purchased from GIBCO BRL. Human recombinant TNF-a was
purchased from Jingmei Biological Engineering Co., Shenzhen.
*H-TdR was purchased from the Atomic Energy Institute of
Shanghai. Cimetidinewasthe product of Smithkline d Beecham
Pharmaceutical Co., Germany.
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ASON and primers

Asprevioudy described™*, phosphorothioate oligoribonudeotides
of ICAM-1, E-selectin and control ASON were synthesized by
Shenggong Bio-Engineering Company, Shanghai. The sequences
of ICAM-1, E-selectin and control ASON, and the primers for
ICAM-1, E-selectin and b-actin are shown in Table 1.

Table 1 Sequences of ASON and primers

Name Sequence Length

ASON
E-selectin
ICAM-1
Control

5”-TTCCCCAGATGCACCTGTTT-3”
57-CCCCCACCACTTCCCCTCTC-3”
57-GCCGAGGTCCATGTCGTACGC-3”

primer

E-selectin Forward: 5’-AAAATGTTCAAGCCTGGCAGTTCC-3”

Reverse: 5”-GTGGTGATGGGTGTTGCGGTTTCA-3” 509 bp
Forward: 5°-CACAAGCCACGCCTCCCTGAACCTA-3’

Reverse: 5’-TGTGGGCCTTTGTGTTTTGATGCTA-3* 458 bp
Forward: 5”-CTGTCTGGCGGCACCACCAT-3”

Reverse: 5’-GCAACTAAGTCATAGTCCGC-3” 250 bp

ICAM-1

b-actin

Methods
Preparation of lipo-ASON In order to improve the efficiency
of ASON uptake of cells and prevent degradation in cultured
cells and human serum, we used a commercial liposome that
was comprised of synthetic cationic lipid and neutral lipid. It
enhanced ASON’ s biofunction by improving its merging with
cell membrane of eukaryatic cells and entering cell plasmato
combine with mRNAI8, At alower final concentration of
1/10 the nude ASON, lipo-ASON worked more effectively
on inhibition in our previous report. According to the
manufacturer’ s protocol of TransFast™ liposome, 200 i of
serum-free medium per well should contain 3.6 m(1.5 ng)
ASON and 4.4 n liposome. So 10 minutes before the experiment,
ASON wasfirst mixed with serum-free medium, then liposome
was added to make lipo-ASON medium (1 mmol/L) at room
temperature.
Treatment of endothelial cells A total of 5x10* ECV 304
endothelial cells (3 to 6 generations) per well were put into a
24-well plate and incubated at 37 °C in 5 mL/L CO, humidified
atmosphere for 48 hours, when cells grew to a confluence of
80%. E-selectin and ICAM-1 were divided into 5 groups
according to the following different treatments, respectively.
Groupl (Basal): Treatment with TNF-a without lipo-ASON
or cimetidine, and the cultivation timewasidentical to the other
groups. Group I (TNF-a): After cultivation for 48 hours, the
supernatants were discarded, endothelial cells were washed
with PBS and replaced with 200 m of serum-free medium.
Group Il (cimetidine): After cultivation for 24 hours, 200 m
of serum-free medium containing cimetidine (10®M) was
added and cultured for another 24 hours, then the supernatants
were discarded, cells were washed with PBS and replaced with
200 m of serum-free medium. Group IV (lipo-ASON): After
cultivation for 48 hours, the supernatants were discarded, cells
were washed with PBS and replaced with 200 m of serum-
free medium containing lipo-ASON. Group V (lipo-ASON/
cimetidine): After cultivation for 24 hours, 200 m of serum-
free medium containing cimetidine (10®M) was added and
cultured for another 24 hours, then the supernatants were
discarded, cells were washed with PBS and replaced with
200 m of serum-free medium containing lipo-ASON.
Groups |1 to V were cultured for 4 hours at 37 °C. For E-
selectin expression groups, the supernatants were discarded,
200 mi medium containing 5 ng TNF-a was added and
continuously cultured for 4 hours at 37 °C. For ICAM-1
expression groups, the supernatants were discarded, 200 m

medium was added and continuously cultured for 4 hours at
37 °C, then 5 ng TNF-a was added and cultured for 16 hours.
Flow cytometry Endothelial cells, treated with ASON or
cimetidine and TNF-a as described above, were removed from
the plate by brief trypsinization with 0.25% trypsin. Cellswere
washed with DEME plus 10% FCS, stained with primary mAb
(2 my/m) diluted in D-PBS containing 2% BSA and 0.2% sodium
azide, followed by fluorescein-conjugated goat anti-mouse 1gG.
Each step was performed at 4 °C. Cellswere analyzed by flow
cytometry using a Bryte HSFACScan (BID-RAD, US).
RT-PCR 2.5x10° of ECV 304 endothelial cells per well were
placed into a 6-well plate and then performed as described
above. Total cellular RNAs were extracted and quantitated by
aspectrophotometer. 2 ng of RNA was used to perform reverse
transcription as recommended by the supplier. E-selectin gene
was amplified 30 cycles by half-quantitation under the
following conditions: denaturation at 94 “C for 5 min followed
by at 94 °C for 30s, at 64 'C for 45sand at 72 C for 45 s, then
extension at 72 ‘C for 7 min. ICAM-1 gene was amplified 30
cycles by half-quantitation under the following conditions:
denaturation at 94 °C for 5 min followed by at 94 °C for 30 s,
at 60 C for45sandat 72 C for 45 s, then extension at 72 'C
for 7 minutes. For analysis, 10 pL of the amplified product
was tested in 20 g/L agarose gel with ethidium bromide
staining, then photographed and scan-analysed. The ratio of
average integrated density value (IDV) of E-selectin and
ICAM-1 to IDV of b-actin was expressed as the relative
intensity of E-selectin and ICAM-1, respectively.

Monolayer cell adhesion assays 1x10* ECV 304 endothelial
cells per well were placed into a 96-well plate and then
performed as described above. Human hepatic cancer cell lines
HepG2 and BEL 7404 and colorectal cancer cell line Ls-174-t
were subcultured for 24 hours, then incubated with medium
containing *H-TdR(9 nCi/ml)for 12 hoursat 37 ‘C. The three
kinds of cdlls (2.5x10°) were added to ECV 304 monolayer in
afinal volume of 0.1 ml respectively, and incubated for 1 h at
37 C. Nonadherent cellswere removed from the plate by gentle
washing with warm PBS. By brief trypsinization with 0.25%
trypsin, theadherent cellswereremoved onto apiece of fiberglass
paper (49#), washed with 5% trichorolacetic acid and dried at
80 C. The number of adherent cells was determined by
measuring flash value using a flash-detecting device (Tri-Carb
2300TR, Packard Co Lit).

Statistics analysis

Data were presented with x+s, statistical analysis was
performed using ANOVA. Differences were judged to be
statistically significant when the P value was less than 0.05.

RESULTS

Effect of ASON and/or cimetidine on expression of E-selectin
and ICAM-1

Using cytofluorometry, we examined the effect of lipo-ASON
or cimetidine on the level of E-selectin and ICAM-1 protein
in ECV 304 cells stimulated by TNF-a (Figure 1). Maximum
expression of E-selectin or ICAM-1 was observed in TNF-a
inducing group with no other trestments. Compared with TNF-
a inducing group, the expression of E-selectin in all treated
groups was differently decreased (P<0.001), most markedly
in lipo-ASON/cimetidine treated group (P<0.001, vs lipo-
ASON aone group), showing that lipo-ASON in combination
with cimetidine had a better inhibitory effect. Similarly, the
expresson of ICAM-1inlipo-ASON and lipo-ASON/cimetidine
treated groups decreased significantly (P<0.001), but the
change of ICAM-1 expression in cimetidine treated group was
not significant (P=0.296), suggesting that cimetidine did not
affect ICAM-1 expression in endothelial cells.
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Figure 1 Effect of ASON on expression of E-selectin and ICAM-1 in endothelial cells (*P<0.01, vs group II, n=5). I: Basal, 1I: TNF-
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Figure 2 Agarose gel electrophoresis of RT-PCR products. M:Marker, 1: E/basal, 2: E/TNF-a, 3: E/cimetidine, 4: E/lipo-ASON,
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January 1, 2004 Volume 10 Number 1



Tang NH et al. Antisense oligonucleotide, cancer cell adhesion

65

Agarose gel electrophoresis of RT-PCR products

To investigate the effects of lipo-ASON and/or cimetidine on
the level of E-sdlectin and ICAM-1 mRNA, RT-PCR analysis
was carried out. As shown in Figures 2 and 3, TNF-a could
induce E-selectin and ICAM-1 gene expression. Lipo-ASON
or lipo-ASON/cimetidine could significantly reduce the level
of E-selectin and ICAM-1 mRNA, but cimetidine did not.

1.0 -
0.9F
0.8F
0.7+ o
0.6+ O
051 ]

=]

=

| |

0.3
E-selectin ICAM-1

IDV ratio

0.2+
0.1}
0.0

Figure 3 Relative expression value of ICAM-1 and E-selectin
to b-actin by RT-PCR. I: Basal, II: TNF-a, IlI: Cimetidine, 1V:
Lipo-ASON, V: Lipo-ASON/Cimetidine.

Effect of ASON and/or cimetidine on adhesion

To examine the effects of lipo-ASON and/or cimetidine on
the adhesion between tumor cells and ECV304 cells, a
monolayer cell adhesion assay was carried out. As shown in
Table 2, the adhesions of HepG2, BEL 7404 and Ls-174-t cells
to ECV 304 cells were strongly induced by stimulation with
TNF-a. Compared with TNF-a inducing group, the rate of
adhesion was markedly decreased in lipo-E-selectin ASON
and lipo-E-selectin ASON/cimetidine treated groups (P<0.05),
and lipo-E-selectin ASON/cimetidine worked better than lipo-
E-selectin ASON alone except for HepG2/ECV 304 group
(P<0.05). However, the decrease of adhesion was not significant
in lipo-ICAM-1 ASON and lipo-l CAM-1 ASON/cimetidine
treated groups except for HepG2/ECV 304 group (P>0.05).

Table 2 Adhesion rate of endothelial cells transfected by E-
selectin and ICAM-1 ASON to tumor cells (x£5)%

Group | 1 11 v \%

E-selectin/HepG2 17.7+0.9* 80.4+6.2 58.9£2.7  38.0#5.0° 24.1#1.5%
E-selectin/BEL7404  8.1+#1.0° 75.9+0.6 52.2#2.4* 26.7+1.6° 17.4+1.1%"
E-selectin/Ls-174-t  16.0+1.6° 77.94¢5.7 53.9+2.6° 43.1#1.7* 29.5+2.6*"
ICAM-1/HepG2 5.0+1.3* 71.0+£24 68.6+1.8 69.0+1.4  67.3£2.2°
ICAM-1/BEL7404 3.00.9° 65.9+4.1 63.6#5.0 63.5+4.0 64.7£1.7
ICAM-1/Ls-174-t 5.840.82 63.02.0 63.4%1.2 64.5+1.8 62.8£1.3

(1) I: Basal, I:-TNF-a, IlI: Cimetidine, 1V: Lipo-ASON, V: Lipo-
ASON/Cimetidine. (2) ?P<0.05, vs groupll; ®°P<0.05, group V
vs group V.

DISCUSSION

ICAM-1 cDNA with 2.98 Kb inlength consstsof 5 -untrand ated
region, 57 bp, a continuous open reading frame, 1 598 bp, and
3’ -untrandated region, 1 330 bp. E-selectin cDNA with 3.85
Kb in length consists of 5" -untranslated region, 116 bp, a
continuous open reading frame, 1 830 bp, and 3’ -untranslated
region, 1 898 bp. Bennett’ s research** showed that among all
the designed ASONs, ASONSs hybridized to 3’ -untranslated
region were more potent than those hybridized to AUG
transcription-initiation site or 5" -untranslated region. In our
previous experiment, we found that each selected ASON of
ICAM-1 and E-selectin hybridized to 3’ -untranslated region

could reduce the expression of objective gene by nearly 40%
respectively, demonstrating that their effects were sequence
specific. ThislossinmRNA might be dueto the ASON targeted
objective pre-mRNA in the nucleus, which resulted in activation
of endogenous RNase H or a related enzyme and mediated
hydrolysis of mMRNA-ODN at the hybridization sitel*"18,

With the presence of cytokines such as|L-1b and TNF-a
secreted by tumor cells, vascular endothelial cells can produce
different adhesive molecules at different times. After
stimulation of cytokines, E-selectin showsiits featuresin 4 to
5 hours, which mediate the early adhesion, and ICAM-1 shows
itsfeaturesin 12 to 48 hours, which mediate the late adhesion.
In thisarticle, through the treatment with E-selectin or ICAM-
1 ASON before the induction by TNF-a, the expressions of
objective molecules were blocked, but the adhesion between
endothelial cells and tumor cells was only significantly
inhibited by E-selectin ASON. The reasons were as follows:
1) Hepatic and colorectal cancer cells could highly express
slex Agit¥, the ligand of E-selectin. It isthe major molecule
that mediates the adhesion to endothelial cells directly. 2)
|CAM-1 also appeared in the membrane of hepatic or colorectal
cancer cells. The adhesion between cancer cells and vascular
endothelial cellsin vitro resorted to LFA-11%, the ligand of
ICAM-1, which expresses on the membrane of white blood
cells. However, there were no white blood cellsto bridge in
vivo. 3) Hepatic or colorectal cancer cells like HepG2 could
also express affluent integrin a.b;, which directly mediated
the adhesion between tumor cells and endothelial cellg®. Itis
thiskind of moleculesthat work inICAM-1 ASON treated group.

Cimetidine, akind of H2 receptor antagonist, has been used
to inhibit the secretion of gastric acid in clinic. It has also been
used to prolong the survival of patients with various forms of
cancer in recent yeard?-?3, Even at the highest noncytotoxic
concentration (10“M), cimetidine has been shown not to
influence the expression of ICAM-1 protein, ICAM-1 mRNA
and E-selectin mRNA, but could obviously reduce the
expression of E-selectin proteinl?>2%l, We proposed that
cimetidine’ s inhibitory action on metastasis was due to
blocking the adhesion between endothelial cells and tumor
cells, especially colorectal cellswith higher expression of de
Ag?4, Since other H2 receptor antagonists, such as ranitidine
and famotidine, did not play the same role under the same
experimental conditiong??, it has become obvious that the
mechanism of cimetidine’ sinhibiting function isinvolved in
astep after transcription. p38 MAPK!?, for instance, might
be the regulatory molecule that activates the expression, of a
number of genes at the level of posttranscription!?%-29,

Our research demonstrated that E-selectin played aprimary
role in initiating the adhesion of cancer cells to vascular
endothelial cellsthrough itsinteraction with its specific ligand,
siayl Lewisantigend®®, Lipo-E-selectin ASON in combination
with cimetidine could inhibit the expression of E-selectin more
effectively and reduce the adhesive rate of endothelial cellsto
tumor cellsin early stage, reaching the goal of double benefits
from outside and inside of cells. It not only guarantees the
major aim of inhibiting adhesion, but also lowers the negative
influence of cells subjected to drug ab extra. In short, this study
provides some useful proofsfor gene therapy of antiadhesion,
which would become a new therapeutic alternative to inhibit
high recurrence and metastasis of hepatic or colorectal cancer.
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