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Point mutations that activate the Ki-ras proto-oncogene
are present in approximately 50% of human colorectal
tumors and the activated Ki-ras gene is considered to
play an important role in colorectal cancer cell prolifera-
tion. Five different colon cancer cell lines and two kinds
of control cell lines were treated with antisense oligo-
nucleotides complementary to the messenger RNA of Ki-
ras. Treatment with antisense oligonucleotides at con-
centrations between 10 and 40 M significantly and dose-
dependently inhibited cell growth, colony formation and
Ki-ras protein production of the colon cancer cells with
activated Ki-ras, but did not affect the normal cells and
colon cancer cells without Ki-ras mutation. These resuits
show that use of synthetic oligonucleotides is an etfec-
tive way of producing antisense-mediated changes in the
behavior of human colon cancer cells with an activated
Ki-ras gene.

Key words: Antisense phosphorothioate oligonucleotides,
antisense-mediated change, colon cancer, gene regulation
Ki-ras.

Introduction

Colorectal cancers are one of the most common
human malignancies and their carcinogenesis has
been clarified in detail. Colorectal cancers are as-
sociated with multiple genetic alterations, including
activation of the Ki-ras proto-oncogene,’™ and in-
activation of the tumor suppressor genes p53,6‘7
DCC,® MCC® and APC."

Cellular proto-oncogenes may be activated in
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neoplastic processes by point mutations or gene
amplifications.'’ The most notable class of onco-
genes activated in human solid tumors is the ras
oncogene family, all of which code for mem-
brane-associated protein products of molecular
weight 21 000 (p21). Activation of the ras gene is
caused by single base mutations that result in an
amino acid substitution yielding a protein with in-
creasing transforming ability or by amplification of
the gene.'*'? ras p21 proteins have been demon-
strated in many solid tumors and increased expres-
sion of p21 has been associated with neoplastic
transformation.’*!> A number of human carcino-
mas, including colon and pancreas cancer, have
been shown to contain a Ki-ras gene activated by
point mutations in codon 12, and to a lesser extent
in codon 13 and 61.>'®'7 Then it follows that in-
hibition of activated Ki-ras gene function will be
one of the ways to inhibit colon cancer cell prolif-
eration and change of cancer cell phenotype.

The present study was performed to determine
whether antisense oligonucleotides complementary
to the messenger RNA of the Ki-ras gene would
inhibit Ki-ras expression and thereby inhibit the
proliferation of colon cancer cells. At first we stud-
ied the genetic alteration of K-, H- and N-ras in all
tested cells at codon 12, 13 and 61. SW1116 and
WiDr cells contain one normal Ki-ras allele and one
Ki-ras allele with a point mutation at codon 12 that
converts Gly'? to Ala'2. DLD-1 and HCT 116 cells
contain one normal Ki-ras allele and one Ki-ras
allele with a point mutation at codon 13 that con-
verts Gly'? to Asp'>. There are no mutations in H-ras
or N-ras at codons 12, 13 or 61. COLO 201, WI-38
and WEHI-3 cells do not have mutations of the KI-
ras gene.

If proliferation of cancer cells could be inhibited
by these antisense oligonucleotides, their applica-
tion might be a useful chemotherapeutic strategy for
treating colon cancers.
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Materials and methods
Cell culture

The human colon cancer cell lines DLD-1, HCT 116,
SW1116, WiDr and COLO 201 in addition to the
human myelomonocytic cell line WEHI-3 and hu-
man fibroblast WI-38 cells were cultured in RPMI
1640 (Nissui, Tokyo, Japan) with 10% fetal bovine
serum (FBS) and 100 IU of penicillin at 37°C under
standard conditions.

Oligonucleotide synthesis

Eighteen-base oligonucleotides were synthesized
using the Applied Biosystems 380B DNA synthesi-
zer (Applied Biosystems, Foster City, CA) with a
phosphorothioate substitution at each base. The oli-
gomers were purified by two different HPLC meth-
ods,'® and purity was assayed by polyacrylamide
gel electrophoresis and HPLC. Purity range was
above 95%. The antisense oligonucleotides were

complementary to 18 bp sequences next to the start
codon or overlapping the start codon of Ki-ras
mRNA sequences, as shown in Figure 1. As con-
trols, sense, scrambled and mismatched oligonu-
cleotides were also synthesized. Sterile aliquots
of 1 mM stock solutions were stored at — 20°C and
thawed on ice before use. Sequences of antisense,
sense, random and mismatch oligonucleotides are
as follows: antisense: CACAAGCTTATATTCAGT;
sense: ACTGAATATAAGCTTGTG,; scramble: AC-
TAGCTATACTAGCTAT; and mismatch: CACTTG-
CAAATATTCAGT (mismatched sequence
underlined).

Oligonucleotide uptake

Random sequence phosphorothioate oligonucleo-
tides were conjugated with fluorescein-5-iso-
thiocyanate (Fluorescein-ON  Phosphoramidite;
Clontech, Palo Alto, CA) according to the procedure
of Wachter et al.'® Cells were seeded at a density of
5 x 103/ml in 60 mm tissue culture dishes. After
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* SHOWS THE STRONGEST INHIBITION OF COLON CANCER CELLS

Figure 1. The sequences of Ki-ras mRNA targeted by the antisense oligonucleotides. Three targeted sequences are
boxed with corresponding nucleotide number from sequences of Kusewitt (GenBank accession no. 212125). The
start codon of the gene is underlined. The inhibitory potency of the antisense oligonucleotides was related to the
small shift in the sequence targeted, but not significant statistically.
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24 h, the media were changed. The labeled oligo-
nucleotides were then added at a concentration of
5 uMto the medium. Plates were harvested at 0 min,
1 h, 2 h and then hourly. The cells were washed
several times in cold phosphate buffer (PBS) and
analyzed with flow cytometer (FACS 400; Becton
Dickinson, Mountain View, CA).

Growth rate

Cells were plated at a density of 1 x 10% cells/ml
into 24-well plates for 24 h. The media was then
changed to one containing 10% FBS and various
concentrations (10, 20 or 40 uM) of either antisense
oligomer, sense, scrambled or mismatched oligomer
or PBS were added. Daily, the cells were detached
and separated with trypsin and counted. The dye
exclusion test was done and only viable cells were
counted at each data point. Only living cells were
counted at each data point by the dye exclusion test
in all experiments. In order to estimate the growth
inhibitory rate they were counted after 96 h incu-
bation with each kind of oligonucleotide. Each test
was performed in triplicate and repeated at least
three times for each concentration of oligonucleo-
tide. The growth medium, with or without oligonu-
cleotides, was changed daily.

Anchorage independence

Anchorage independence was assayed by seeding
cells in 0.3% SeaKem low melting point agarose
(FMC Bioproducts, Rockland, ME) dissolved in
RPMI media with or without oligonucleotides. Sus-
pensions, containing 50 or 500 cells/ml, were over-
laid on a 0.6% agarose basal layer in 60 mm culture
dishes and incubated at 37°C for 14-21 days. Foci
containing more than 100 cells were counted.

Western blot analysis

Cells were cultured in complete medium containing
20 uM oligonucleotides for 48 h. Cells were trypsi-
nized, flash-frozen in liquid nitrogen and incubated
in lysis buffer [0.01 M Tris-HCl (pH 7.5) 0.144 M
NaCl, 0.5% NP-40, 0.5% SDS and 0.1% aprotinin
(1 x 10° cells/20 ml buffer)] for 30 min on ice and
then vortexed. The lysates were centrifuged at
10 000 g for 10 min and subjected to 6-12%
SDS—PAGE at 20 mA for 2.5 h. Each well was loaded
with the equivalent of approximately 20 ul of cell

Antisense inbibition of colon cancer cells

extract (10 ug of protein). The proteins were trans-
ferred for 12 h at 100 V in a Polyblot (American
Bionetics, Hayward, CA). Immunoblot was per-
formed using anti-Ki-ras monoclonal antibody (On-
cogene Science) at a dilution of 1:1000. The
blots were incubated overnight with the anti-Ki-ras
antibody and then with alkaline phosphatase-
conjugated secondary antibody at a dilution of
1:5000.

Stastical analysis

Differences in inhibition of cell growth and colony
formation were evaluated using Student’s #test.

Results
Oligonucleotide uptake

Flow cytometer (FACS 400) analysis revealed that
most of the cells were capable of taking up the
oligonucleotides. After 2 h of exposure, about
70-80% of the cells showed high intensity. Fluor-
escence microscopy revealed nuclear and cytoplas-
mic staining (data not shown, see ref. 27), and its
intensity gradually became weaker and disappeared
after 4-5 h in each cell line. All cell types showed a
similar time course and pattern of staining (Figure
2).

Growth rate

When plated at an initial density of 1 x 10 cells/ml,
all cell lines grew to maximum density within 5-6
days. At all times examined the growth of all colon
cancer cell lines was inhibited by the presence of
the antisense oligonucleotides, but to a lesser de-
gree in WI-38 cells and WEHI-3 cells. Random se-
quence oligonucleotides showed no effect on the
growth of any cell lines. Respective growth inhibi-
tion of DLD-1, HCT-116, WEHI-3 and WI-38 cells is
shown in Figure 3. The other colon cancer cell line,
WiDr cells, showed similar results. Treatment with
10-40 uM antisense oligonucleotides inhibited the
growth of colon cancer cells in a dose-dependent
manner, but each oligomer showed only a slight
effect on the proliferation of WI-38 cells and
WEHI-3 cells. Antisense oligonucleotides did not
show the growth inhibitory effect on COLO 201
cells, which is a colon cancer cell line without any
Ki-ras mutation. Other control oligonucleotides,
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Figure 2. Uptake of random sequence oligonucleotides in DLD-1 cells. Fluoresceinated oligonucleo-
tides were added to the culture, which was then analyzed by flow cytometry (FACS 400) after 0 min (A),
2 h (B), 3 h (C) and 4 h (D). All cell types showed a similar time course and pattern of staining.

scrambled, sense and mismatched oligomers, did
not show any effect on cell growth (Figures 3 and
4).

When the composition of the antisense oligonu-
cleotides was altered to make them complementary
to a slightly 3’ region that spanned the start codon,
differences were observed in the growth inhibitory
effect. The inhibitory effect of three kinds of anti-
sense oligonucleotides against DLD-1, HCT-116,
SW1116, WiDr and WI-38 cells was compared. Anti-
sense oligonucleotides starting at base 69 showed
the strongest growth inhibition of each cell line in
comparison with the other two kinds of antisense
oligonucleotides starting at base 60 or starting at
base 63. This antisense oligonucleotide (antisense
1) was used for all other experiments in this report.
However, the difference in growth inhibition be-
tween antisense 1-treated and antisense 2- or anti-
sense 3-treated cells was not statistically significant
(Table 1).

Anchorage independence
The ability to form foci in soft agar was reduced by

antisense oligonucleotide treatment in each colon
cancer cell line but not COLO 201 cells (p<0.01).
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Control oligonucleotides did not show any effect on
colony formation (Table 2).

Effect of Ki-ras-specific antisense
oligonucleotides on protein expression:
Western blots

Immunoblots demonstrated a marked decrease in
the level of Ki-ras protein after incubation with an-
tisense oligonucleotides in DLD-1, HCT-116,
SW1116 and WiDr cells (Figure 5, lanes 2, 5, 8 and
11), whereas no decrease was apparent in the cells
exposed to scrambled oligonucleotides (Figure 5,
lanes 1, 4, 7 and 10) or to PBS (Figure 5, lanes
3, 6, 9 and 12) (Figure 5, lanes 1-3: DLD-1; lanes
4-6: HCT-116; lanes 7-9: WiDr; lanes 10-12:
SW1116). In WEHI-3, WI-38 and COLO 201 cells,
endogenous Ki-ras protein was not detectable
(Figure 5, lanes 13-15: COLO 201, lanes 16-18:
WEHI-3; lanes 19-21: WI-38; lanes 13, 16 and 19:
scrambled oligonucleotides; lanes 14, 17 and 20:
antisense oligonucleotides; lanes 15, 18 and 21:
PBS). Other control oligonucleotides, sense and
mismatched oligomers, did not show any offset
(data not shown).
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Figure 3. Growth curves of colon cancer cells and control cells. DLD-1, HCT-116,
WEHI-3 and WI-38 cells were incubated with 20 uM antisense, scrambled oligo-
nucleotides or PBS. Celis were seeded in growth medium on day 0 and incubated
for 24 h. The cells were then incubated with 20 uM antisense or sense oligo-
nucleotides or PBS in fresh medium. Medium with oligonucleotides was changed
daily. The experiments were repeated three times. Results represent means
+ SD from triplicate cultures. The difference between antisense-treated and con-
trol curves was statistically significant in DLD-1 and HCT-116 cells with Student's
t-test (p <0.01).

Discussion systems and have obtained good results.?>?> How-

ever, in some cases the anticancer agents were in-
One of the general approaches commonly explored  effective, probably because of multidrug resistance
for the treatment of colorectal cancer was a devel-  or low concentrations of drugs in the cancerous
opment of anticancer agents.’>?! We have pre- lesion. In this report we used antisense oligonucleo-

viously performed chemotherapy against colo-  tides and focused on the Ki-ras gene as a target for
rectal cancers with many kinds of drug delivery the treatment of colorectal cancer.
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Figure 4. Concentration-dependence of cell growth by the antisense oligonucleotides. Percent inhibition was
calculated with day 4 using the number of cells present in the control cultures incubated with PBS for
comparison. Each point represents the mean + SD of triplicate cultures. The experiments were repeated
three times with similar results. The difference between antisense-treated (open bars) and scrambled oligo-
nucleotide-treated (shaded bars, control) groups was statistically significant in the cell lines of DLD-1,
HCT116, SW1116 and WiDr with Student's t-test (p < 0.005-0.01).

Antisense technology provides a valuable tool
that can be used to interfere with the expression
of specific genes. These modulators are comple-
mentary to specific mRNA sequences and frequent-
ly lead to modification of the phenotype of the
cells.?*~26 We also have previously tested antisense

oligonucleotides against several kinds of oncogenes
and DNA replication factors, and obtained good
results.””"?® Previous reports show that H-ras and
N-ras antisense oligonucleotides inhibited gene ex-
pression in a sequence-dependent manner,*>*° and
that Ki-ras antisense oligonucleotides inhibited the

Table 1. The inhibitory potency of the antisense oligonucleotides in colon cancer cell prolifera-
tion and its relation to a small shift in the targeted sequence of Ki-ras mRNA

First base of
antisense
oligonucleotides

Inhibition of cell growth (%)

DLD-1 HCT-116 Sw1i116 WiDr WI-38
69 (antisense 1) 108.1+8.9 63.3+4.7 78.3+4.2 59.3+6.1 6.3+2.1
63 (antisense 2) 75.6+3.9 48.3+1.9 43.9+4.1 50.3+5.5 53+1.1
60 (antisense 3) 80.6+4.3 58.3+9.3 38.5+4.5 48.2+5.8 6.6+1.4
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Numbering is from sequenes of Kusewitt (GenBank accession no. 212125). Colon cancer cell line DLD-1,
HCT-116, SW1116 and WiDr celis, and human fibroblast WI-38 cells were incubated with three kinds of
20 uM antisense oligonucleotides or PBS. Medium containing oligonucleotides was changed daily. After
incubation for 72 h cell number was counted and percent inhibition of cell growth was calculated in com-
parison with non-treated cells. Results present means + SD from triplicate cultures. Antisense 1 showed
the strongest inhibition. The inhibitory potency of the antisense oligonucleotides was related to the small
shift in the sequence targeted. However, the difference in growth inhibition between antisense 1-treated
and antisense 2- or antisense 3-treated cell growth was not statistically significant.
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Table 2. Effects of antisense oligonucleotides on focus formation by colon cancer
cells in soft agar

Cell line Antisense (20 uM) Scrambled (20 uM) Control (PBS)
DLD-1 12.3+3.1 25.3+3.6 28.6 +£3.2
HCT 116 6.8+2.2 242+1.4 223+28
SW 1116 142+5.1 312148 35.3+6.2
WiDr 58+22 12.6+3.3 144+79
COLO 201 9.3+1.2 9.0+£25 10.4+3.5

Cells were seeded at 50 or 500 cells/ml into culture medium containing 0.3% agarose in the
presence or absence of oligonucleotides. Suspensions were pipeted onto a basal layer of
0.6% agarose in 60 mm dishes and incubated for 14—21 days. Foci containing greater than
100 cells were counted. Results represent the means + SD for triplicate cultures. The dif-
ference of colony number between antisense-treated and control groups in each cell line

without COLO 201 was statistically significant with Student’s t-test (p <0.01).

growth of pancreas carcinoma,>! but there is no
report about Ki-ras antisense oligonucleotides
against colorectal cancers.

The importance of ras protein in signal transduc-
tion pathways and carcinogenesis has been recently
clarified.>'>>? Point mutations of the Ki-ras gene
are found in 50% of human colorectal tumors as
well as in other kinds of cancers.>® The oncogenic

form of ras proteins found in many cancer cells
makes them work differently than normal ras pro-
teins. GTPase activity inside the cell is greatly re-
duced and these proteins do not get switched off.
Instead, they remain on for extended periods and
flood the cell with continuous growth stimulatory
signals.>® It follows that inhibition of the growth
signals for the Ki-ras gene with antisense oligonu-

DLD -1 HCT-116 WiDr  SW1116
| 1 1 I 1
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R + - - + - - 4+ - - 4+ - -
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Figure 5. Western blot of oligonucleotide-treated colon cancer cells and control
cells. Lanes 1-3: DLD-1; lanes 4-6: HCT-116; lanes 7-9: WiDr; lanes 10-12:
SW1116; lanes 13—-15: COLO201; lanes 16—18: WEHI-3; lanes 16—18: WI-38.
Lanes 1, 4, 7, 10, 13, 16 and 19: scrambled oligonucleotides (20 uM); lanes 2,
5, 8, 11, 14, 17 and 20: antisense oligonucleotides (20 uM); lanes 3, 6, 9, 12, 15,
18 and 21: PBS. Cells (1 x 108) were treated with antisense or scrambied oligo-
nucleotides or PBS for 48 h. Total protein (10 ug) was loaded to each lane. AS,
antisense oligonucleotides; RS, random (equal to scrambled) oligonucleotides.
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cleotides will be a potential way for the inhibition of
colon cancer cell proliferation and the alteration of
the cancer cell phenotype.

The growth rate of colon cancer cells with a Ki-ras
mutation, DLD-1, HCT-116, SW1116 and WiDr cells,
was inhibited by antisense oligonucleotides. How-
ever, these antisense oligonucleotides had no effect
on the proliferation of normal hematopoietic cells
WEHI-3, fibroblast WI-38 and colon cancer cell line
COLO 201 without any Ki-ras mutation. As shown in
Figure 5, expression of the Ki-ras gene in these
cells was very low and could not be detected in
Western blot analysis, so it follows that Ki-ras-spe-
cific antisense oligonucleotides will show a growth
inhibitory effect on cancer cells with high Ki-ras
gene expression or with a Ki-ras gene mutation.

The results of our investigations indicate that ac-
tivated Ki-ras may be essential for the proliferation
of colorectal cancer cells with a Ki-ras mutation.
Although it is possible that an antisense strategy
might ultimately be used iz vivo to inhibit the pro-
liferation of colon cancer cells as an anticancer
agent, several problems needed to be solved. The
first one is that although the oligonucleotides are
avidly taken up into cells, some cells of each cell
line do not take up oligonucleotides, and thus es-
cape the antiproliferative effects of antisense oligo-
nucleotides and continue to grow. According to
FACS analysis as shown in Figure 2, the oligonu-
cleotides were taken up by 70-80% of the cells with-
in 2 h, and the intensity gradually became weaker
and disappeared after 4-5 h in each cell line. So
some cells fail to take up oligonucleotides and in-
corporated antisense oligonucleotides may be de-
graded in the cells. Thus it is important to deliver a
large amount of antisense oligonucleotides to all
cancer cells.

The seond problem is what part of the messenger
RNA should be targeted by antisense oligonucleo-
tides. Generally speaking, the 5’ portion of messen-
ger RNA including the initiation site (AUG site) is
often targeted in many cases.?®3° However, in some
cases the inhibitory effect of antisense oligonucleo-
tides is related to the small shift in the targeted se-
quence.’”*> As shown in Table 1, we used three
different kinds of antisense oligonucleotides and all
three oligomers showed growth inhibition. How-
ever, its effect was a little bit different and antisense
1 (starting at base 69) showed the strongest effect.
According to the previous study by Chiang et al., the
antisense-mediated effect depends on the second-
ary structure of the targeted messenger RNA and a
stable stem-loop structure is desirable as a targeted
site.3® So it is necessary to predict the secondary

560 Anti-Cancer Drugs - Vol 6 - 1995

structure of the targeted messenger RNA and to use
several different kinds of oligonucleotides for
assays and to choose the most effective targeted
sequence.

We conclude that gene targeted anticancer ther-
apy could be effectively used in vivo specifically for
colon cancer with Ki-ras expression. Others have
previously proposed that the inhibition of cancer
cells by antisense nucleic acids has important im-
plications for the development of new cancer ther-
apy,”’ and it is reported that oligonucleotides can be
administered for treatment for cancer and vascular
stenosis without any specfic toxicity in animal ex-
periments.>***! Further studies will be required
to determine the effectiveness in vivo as well as
clarifying the mechanism of action.
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