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Knockdown of IGF- [ R by antisense oligodeoxynucleotide
auguments sensitivity of T24 bladder cancer cells to mitomycin
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ABSTRACT

AIM: To investigate whether insulin-like growth factor
| receptor (IGF- | R) was involved in drug resistance of
bladder cancer cells. METHODS: RT-PCR was used
to detect the mRNA expression of IGF-1 , IGF-[I, and
IGF- T R in T24 cells and normal urothelial cells. Flow
cytometry and MTT tests were used to assess the effect of
antisense oligodeoxynucleotide (ODN) on drug sensi-
tivities and apoptosis of T24 cells to milomycin {(MMC) .
Western blot was used to analyze the effect of ODN on
expression of IGE- ] R protein. RESULTS: mRNA of
IGF-T, IGF-T, and IGF- | R were strongly expressed
in serum-free culred T24 cell line, whereas normal
urothelial cells did not express these factors/receptors or
only in trace levels; knockdown of IGF- [ R by antisense
ODN greatly inhibited the growth of bladder cancer cells
and enhanced sensitivity and apoptosis of T24 cells to
MMC. CONCLUSION: These results suggested that
blockage of IGF- | R signaling might potentially contri-
bute to the meatment of bladder cancer cells which were
insensitive to chemotherapy.

INTRODUCTION

Transitional cell carcinoma (TCC) of the bladder
represents the fifth most prevalent malignancy in Western
population.  Bladder instillation represents the most
significant progress in the management of superficial
bladder cancer over the past twenty years. But a major
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problem in the management of bladder cancer is the low
sensilivity to chemotherapy and the high recurrence of
bladder cancer after transurethral resection, which
occupies a large proportion (approximately 40 %) among
bladder cancer patients’ =2, So drug resistance remains
a major and difficult problem to resolve in bladder cancer
chemotherapy,  This phenomenon has often  been
ascribed to some mechanisms, such as the overexpression
of multidrug transporters P-glycoprotein, multidrug
resistance related protein (MRP), and other variables
closely implicated DNA. repair and induction//modulation
of apoptosis, such as P33 and the Bel-protein
family[s"”. Furthermore, it has been recently shown
that certain growth factors (insulin-like growth factors-
IGF. etc) might be involved in the mechanism of drug
resistance!® . Clearly, these findings suggest the design
of new strategies might improve bladder cancer response
to chemotherapy .

The insulin-like growth factor system is widely
involved in human carcinogenesis® . The type |
insulin-like growth factor receptor (IGF- T R) is a trans-
membrane protein fyrosine kinase which mediated the
biological effects of IGF- ] and most of the actions of
IGE-I1'. Tt plays an important role in both normal and
abnormal growth, particularly in anchorage independent
growth. Impairment of its function caused apoptosis of
some kinds of cancer cells and inhibition of wmor growth
in experimental animal®=*. Some investigators also
provided evidences that IGF- 1R signaling might be
implicated in the mechanism of drug resistance in human
breast cancer’™ =1 IGF- ] R activation could afford
drug protection either by affecting the negative regulators
of the apoptosis pathway, Bel-2 and Bcl-xl, or by
altering activity of the ced-3/ICE-like proteases'~'¥).
P53, the Bel-protein family, is now confimed and
prominent in the mechanism of drug resistance-"> 10"
More recently, Huo ef al demonstraled that IGF- I R
system protected colon cancer cells from apoptosis

induced by cyloloxic agents, which acquired drug
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resistance might be mediated by multiple mechanisms,
including promoting expression of multidrug resistance
gene ( mdr-1 gene), erc™. Lowering IGF-TR
system might thus represent an aftraclive strategy to be
pursued for chemopreventive purpose.

Bladder cancer cells were found to overexpress high
levels of functional IGF- | receptors and IGF- [ 8-1,
There were considerable evidences that the antiapoptotic
function of IGF- T R signaling contributed to progression,
invasion, and metastasis of bladder cancer'™ . But the
following problems remained to be further elucidated in
bladder cancer research, which the main objectives of our
studies were concerned about; whether IGF- | R signaling
pathway is involved in autocrine growth of human bladder
cancer; whether IGF-T R is involved in the growth
stimulating activity and drug resistance of bladder cancer
cells or not; can targeting against IGF-IR gene
significantly enhance drug sensitivity of urinary bladder
cancer cells to mitomycin ( MMC, one of the most
effective drug used for the intravesical chemotherapy to
bladder cancer) .

MATERIALS AND METHODS

Agent Mitomycin (MMC) was obtained from
Feiyun Pharmaceutical Factory (Hubei, China); 3-(4,5-
dimethyl-2-thiazolyl )-2, 5-diphenyl tetrazolium bromide
(MTT) and propidium iodide {PI) were purchased from
Sigma Chemical Co; TRIzol and RPMI-1640 medium
were the products of GIBCC. NCI H69 and K562 cell
line were purchased from Cell Bank of Shanghai Institute
of Cell Biology, Chinese Academy of Sciences.

Cells culture T24 cells line, established from

Tab 1.

high grade and invasive human urinary bladder cancer
patient and generally considered as representation for
research of drug sensitivity'®!), was kindly supplied by
Shanghai Institute of Cell Biology, Chinese Academy of
Sciences. Cells were cultured in RPMI-1640 medium
supplemented with 5 % heat-inactivated fetal calf” serum
(FCS), benzylpenicillin 100 kU/L, streptomycin 100
mg/L. NCI H69 (a small-cell lung cancer line), K562
(a human erythro-leukemia cefl line) were cultured in
vitre as described above.

Primary cultured normal human urothelial transitional
epithelial cells, were established from nommal ureters
(from donors for kidney transplantation) by methods
described previously’®', Cells were culured in PRMI-
1640 medium supplemented with 10 % FCS, non-
essential amino acids 10 pmol/L, dextrose 2.7 g/L,
hydrocortisone 1 mg/L ( Sigma, St Louis, MO},
transferrin 5 mg/L, insulin 10 mg/L, epidermal growth
factor 10 pg/L, streptomycin 100 mg/L, and benzyt-
penicillin 100 kU/L in a humidified atmosphere of 5 %
Q.

RT-PCR Total RNA was prepared from T24 cells
by TRIzol. Synthesis of ¢cDNA was camied out with
reverse transcriptase ( MMLV, 0.1 MU/g RNA,
GIBCO) from 1 g of total RNA. Reverse-transcribed
single-stranded cDNA 2 ;L. was subjected to PCR in 50
¢l of 1 x buffer [ Tris-HCI 10 mmol/L. (pH 8.3); KCI
30 mmol/L; MgCl; 1 mmol/L; dNTPs 50 pmol/L; 2
units of Thermus acquaticus polymerase ( Sigma); 0.2
pmol/L comesponding primers of the indexes to be
detected and f-actin].  All of the primer sequences used
in the present study, PCR product sizes, and PCR
conditions are listed in Tab 1. Oligonucleotides specific

RT-PCR primer sequence, conditions, and the PCR product sizes.

Primer sequence { product sizes }

PCR conditions

internal control : f-actin (211 bp)

F. 5 CCTCTATGOCAACACAGTGC 3/

R: 5" GTACTCCTGCTTGCTGATCC 3
IGR- T (413 bp)

F: 5" TCCTCGCATCTCTTCTACC 3/

R; 5 TGGCATGTCACTCTTCACT 3’
IGF-T (303 bp)

F: 5 GIGGCATCGTTGAGGAGT 3

R: 5 CTTGGGTGGGTAGAGCAATC 3'
IGF- [ R {450 bp)

F: 5 TGGGGAATGGAGTGCTGTAT 3/

R: 5" CGGCCATCTGAATCATCTTG 3

same as coamplified IGF-T (or IGF-1I or IGF- TR)

{94 T 1 min, 58 T 1 min, 72 T 5 min, 30 cycles)

(™ € 1 min, 55 T 1 min, 72 T 5 min, 28 cycles)

{% T 1 min, 56 C 1 min, 72 T 5 min, 35 cycles)
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MIT assay  Exponentially growing T2 cells were
eoded i YW-well., Ma-boromed plates at | = 1P cells
L. MTT (5 g/LY 20 b was added into cach well
The blue dye taken up by the cells wlier 4-h incubation
wis dissolved in Me. SO {10 pel/well ), and s optical
density at 495 nm was read on an astoniled microplae
reader | Bio-Tec, VI,
preliminary study with e MTT assay showed that e
dsorprion: was direetly propottional o the number ol

Internal control (-

atin Wik o ul the samples

Winooski , Resulis of 2

cells

Apoplosis assay  The attached cells were treted
with trypsin/edeiic weid, pelleted together with Ruating
cells, washed once witl ice-cold PBS. and re-sispendich
in a hypotonic Huonxhumne solution contaming proji-
diwm iodide 30 mg/L in 0.1 % sodium citrate plus
000 % Cv/v ) Nomdet 0. Aller 30 min ol
mcubation. e samples were liliered  fluvugh 40-0m
nvlon mesh cloth, wnd their Muorescence was aclyaal a8
single parmeier I-:|'m||||'rn'}- hi.t[nj:f‘!ll'ﬂ:s using a [ A0
flow cytometry ( Becton Dickinson, Mountamn View,
A

wits determined by evaluging the percentige of events

: 2 "
According o Dargynkiewics er el ™, apoplosis
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Effect of antisense ODN on 1GE- | R protein
expression by Western Dlot  Antisense strategy fo
depleting IGF | R was descriled previously™'.  ‘The
sapience were: 3 AAG TCT (i TOC GGA GOA-FE
ALTCC TOC GuA GOC AGA CTT W
. they represent codon 2 — T of e preprope-

wense |l
antiscnse
pde, and have bween shown previously o effeciively
decrease the numbers of 1GF- | I cells
were seaded in o % KOS mediom 10 subconfluence amd

receplars,

then imcubated in medmm contaimmg  antisense QLN
aded al intervals of 24 B}, sense QDN (added
mtervals of 20 W) or MMC 0.2 smol/L Dreaed for | b,
then replaced hy dhug-free culture medm ), alone v co-
reatiment for 72 h. aml lsrveseed Tor analysis,

To evaluute the ¢ffects of ODN on IGKF | R protein
T24 cells were transferned o microwbes and lysed
in we-cold lysis buffer ( PES conlaining | % Nonidel
By, 00 % 0.1 % SDS,

Tewe]

sochum - deoxycholate .

phenyhnethylsulfony]l fluonde 1 nmol/L, and aprotimin
W me/L Y for 20 min.  ‘The clew supemiatant was
colkeeted after cenrifugation at 10000 = g, ' for 20
min.
by the Bio-Rad Dradfind protein assay kit ¢ Hevules,
CAJL
2 7.5 % SDS polyacrylamice gel and electrotransfemed
{ Hybond-C,
The membrane was probed conseculively

Protein concentrztion in the lysate was defermined
Protein o} g was demicured and Tracitomatad oo

ono g nitrocellutose  memluang
Awershan )
with anti-IGF- | R monoclonal antibody HT € Suma Crue
Bivtechology, INC'T Cdilution 1220000 and Teseradish
Ihe blofs wene
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perosidase conpugaled ami-rabbil 1gG.
enhanced  clvmiluminescence
{ Asnersham, Phamiaci Biotech ),

Statistical analysis
pectormed with Smdent’s ¢ tesl or Chi-spane test, and P

vistlized by

Suatisticatl  analysis  was

< O AK was consichered sianificant.,

RESULTS

Autocrine expression of IGE- | | IGF- || , and
1GF-1 R mRNA of T24 urinary bludder cancer
cells  To evalne expression of G- |, 1GF-1] . and
IGE | 1R mBNA o urinary bladder caneer cells and
primary normal uniheliom cells, RT PCR was perfouned
on extracted mENA alguots Trom serim free cultured
T2 blakder carcimomi vells  tested  slrongly
expressed 1GI- |, 1G], and IGF- | R mRNA (1ig
I1, Tncontast, 1GE |, 1GE 11, and 1GE- | R mRNA
wete not expiessed or expressed only atl tree levels by
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Fip 1 Analysis of 1GF- |, IGF I or IGF. | R mRNA by
R1-PCR,  Co-amplifivation of 1GF- [, 1GF- Il o 1GF. | R
with [kactin,  RT-PUR  products  were  analyzed  on
othidium bromide-staimsl sgarose gels and bands wene
examinged Dy scanning densitometry,  NCIHAS, K562 cells
were used os respective positive control,  Lane N oeonal
uroihelial vells: Lane M; marker (bpl.
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normal urothelial cells. Expression of B-actin was used
as an internal control.

Antisense ODN effectively reduces protein
synthesis of IGF- | R and enhances drug sensi-
tivity and apoptosis of T24 cells to MMC We first
exammined the effect of antisense ODN targeting against
IGF- | R on protein synthesis. Representative example
of protein synthesis in T24 cells treated with antisense
ODN was shown in Fig 2. The expression intensities of
IGF-TR protein were quantified by densitometric
scanning. The values represented ¥ + 5 of three different
The values of
protein expression were as following: 1614 + 156
(antisense-untreated T24 group), 621 + 27 ( antisense
ODN 5 pmol/L treated T24 cells), 276 + 186 (antisense
ODN 10 pmol/L treated T24 cells). IGF- I R protein
was downregulated by 61.3 % (P < 0.01, antisense
ODN 5 pmol/L treated T24 cells), 77 % (P <0.01,
antisense ODN 10 pmol/L treated T24 cells). Data
showed antisense ODN could effectively reduce IGF- ] R

protein expression.

experiments performed in duplicate.

M:

-y s O SR - - - - - "8- 206000

1 2 3 4 5 6 7
Fig 2. Amalysis of IGF- [ R protein level of T24 cells
treated with antisense ODN for 72 h by Western blot.
Lane 1: positive control ( K562 cells ); Lane 2:
untreated T24 cells; Lane 3, 4, 5: sense ODN (2 pmol/
L, 5 pmol/L, and 10 pmol/L}; Lane 6, 7, 8: antisense
ODN {2 pmol/L, 5 pmol/L, and 10 pmol/L).

We then examined the effect of antisense ODN on
drug sensitivity of T24 o MMC. As shown in Fig 3,
treatment of T24 with IGF- ] R antisense ODN for 72 h
enhanced the sensitivity of bladder carcinoma cells to
MMC 0.2 pmol/L.  Apoptotic analysis by flow-
cylometry also confirmed that blocking IGF- [ R signaling
by antisense ODN could cause targeted cells to be more
sensitive to MMC-induced apoptosis {Fig 4) .

DISCUSSION

The present study yielded the following; The
mRNAs of IGF- [ , IGF- I , and IGF- | R were strongly
expressed in seun-free cultured T24 bladder cancer
cells, whereas normal urothelial cells did not express
these factors/receptors or only in trace levels; antisense
ODN could effectively reduce protein synthesis of
IGF- | R and significantly enhance apoptotic sensitivity of

Control @ Scnse MMC mAS O AS-MMC
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Fig 3. Effect of different concentration of antisense

ODN on drug sensitivity of T24 to MMC. Results are
expressed as percentage of respective untreated

control. AS: antisense ODN. n=3. x+s5. "P<
0.05, ‘P <0.01 vs respective controt group. °P<0.05
s MMC group.
Sense O Normal
W TZ4 cell
Control
MMC
Antisense
Antisense 38+27
+MMC e 372428
L L 1
0 20 40 60 80 100

Apoptosis rate after antisense ODN treatment / %

Fig 4. Effect of antisense ODN specific for IGF- [ R
gene on apoptosis of T24 cells induced by MMC. The
results were obtained from a representative experiment
performed in triplicate. T24 control was MMC- and
antisense- untreated group. The concentration of
MMC used here was 0.2 pmol/L. Normal: normal
urothelium cells. n=3. Z+s. "P<0.05, P<0.01
vs control group. °P <0.05 vs MMC group.

T24 cells to MMC. Our observations indicated a
possible mechanism by which bladder cancer cells
acquired an additional growth advantage over their benign
counterparts; namely, by acquisition of a better IGF-
producing capacity, and also suggested that IGF-1 R
signaling pathway may serve as potential candidates for
clinical intervention in the sensitization of drug-resistant
bladder carcinoma cells to cytotoxic drugs.
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MMQC is the first-line intravesical chemotherapeutic
agent for superficial bladder cancer. The mechanism of
action of MMC is largely attributable to its cross-linking
with DNA, particularly at guanine/cytosine-rich regions.
The drug is most effective when given in the late G1 and
early S phases of the cell cycle.

Here, we evaluated the poteniial therapeutic
application of antisense ODN targeted against IGF- | R
gene on urinary bladder cancer cells. It should be
pointed out: (D Targeting the IGF- I R is more efficient
than targeting its ligands because targeting one ligand
leaves other one free to activate the IGF- I R'®. (D) The
bladder is particularly amenable to such experimental
reatment, because its special anatomic structure and
localized therapy is possible by intravascular administra-
tion. thus minimizing side effects® . @) It has been
shown that antisense ODN against IGF- 1R gene is
remarkably non-toxic in vive!”. In this study, synergy
with antisense ODN was achieved with very low
concentrations of MMC agent, far below under the
clinical therapeutical dose, thus minimizing their toxicity
and maximizing their therapeutic application.

In summary, we concluded that acquisition of IGF-
producing capability may give a growth advantage over
non-neoplastic wrothelial cells.  Further antisense
blockage of IGF-T R signaling could augment bladder
cancer cells sensitivity to MMC, indicating potential
clinical application of IGF- | R antisense ODN for bladder
cancers. Nevertheless, these various approaches await
appropriate pre-clinical in vivo studies to delineate their
effect and toxicity.
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